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GENERAL ABSTRACT 

This study was undertaken as a series of projects which involved selected studies 
with the C IDR1 intravagina l  device in da i ry cattle. 

In the fi rst project, a C IDR device was inserted at different stages of the oestrous 
cycle to characterize the dynamic changes of the foll ic les in the ovaries of cycling 
cows, the associated changes in  plasma progesterone concentrations (PPC) ,  and 
the effects of progesterone from the device on cycle lengths. The results 
demonstrated that the progesterone released by the CIDR appeared to enhance 
the development and maintenance of a dominant foll ic le.  The reproductive 
responses after device removal were influenced by the fol l icular population, and 
by the stage of the fol l icular wave even in the absence of a corpus luteum (Cl) .  
The PPCs d uring C IDR insert ion or after removal were influenced by the type of 
animal and the stage of the cycle when treatment was initiated . The stage of the 
oestrous cycle in which the device was inserted also influenced the average cycle 
length. 

In the second project, the tai lpaint ing and raddle technique combined with scoring 
and re-radd l ing gave a precise correlation with visual oestrus detection and with 
patterns in the onset of oestrus in g roups of heifers and cows after different 
synchrony treatments. The average interval to oestrus was concentrated between 
30 and 1 20 h after using different treatments for oestrus synchronization . 

I n  the third project, a control led breeding programme for cows in  herds with a 
daily mi lk  quota was investigated ,  with a view to improving reproductive 
performance through the strategic use of the C IDR intravaginal device. The study 
showed that the mean interval from Planned Start of Mating (PSM) to fi rst 
insemination was shorter in all treated groups in year-round herds, and treated 
cows had fewer days open than control . Conception rate to f irst i nsemination 
d iffered statistical ly between g roups, but not for second inseminations. As a 
consequence, the mean number of services per conception also d i ffered 
significantly between groups. 

Oestrous responses in al l  farms d iffered significantly in  the treatment g roup 
compared with the control g roup (7 6 %  vs 63%; P< 0.00 1 ,  respectively ) .  The 
return to oestrus in treated cows was synchronized in 85% of non-pregnant cows 
on days 22 to 25 after f irst insemination . The average responses to the two 
doses of prostaglandin at C I D R  removal was simi lar for half d ose vs ful l  dose 
(72% vs 6 8 % ,  respectively) . However ,  this management advantage was partly 
lost because of lower fert i l ity and because of mistakes relating to the 
interpretation of the tail paint ing system which were frequently made by the 
owners. 

Controlled internal drug releasing device (Eazi-Breed CIDR""-8, Carter Holt Harvey 

Plastic Products, Hamilton, N.Z. 



In  the fourth project, the effectiveness of using a milk progesterone test to 
identify non-pregnant animals and consequently to improve oestrus detection 
rates was evaluated in a management system for da i ry cows involving the use of 
C IDR devices for controll ing return to service interva ls .  The average percentage 
of non-pregnant cows inseminated during the second per iod of artificial 
insemination (AI) was 63% and varied from 44% to 77 .2% among i ndividual 
herds. In general, the study showed that the identification of non-pregnant 
animals d id not improve the percentage of animals inseminated over the second 
period of A l .  

In  the last project, the dynamic changes of  fol l icles on the ovaries at  two different 
post-partum per iods was characterized as wel l  as the post-treatment response 
rates in oestrus and ovulation in anoestrous da i ry cows. The population of 
foll icles in classes 1 ( < 6 mm) ,  2 (6 to 9 mm) and 3 ( >  9 mm) varied between 
cows in both post-partum periods, but the average number of fol l ic les did not 
differ significantly between day 25 (early) and 50-55 (late) for treatment and 
control g roups. In the late post-partum period , the average number of class 1 
foll icles increased in the animals of the treated g roups (P < 0 . 0 5 ) ,  and when the 
comparison in treatment groups was made between early and late post-partum 
period , the average num ber of class 2 fol l icles and the total number of fol l icles 
were both increased at C IDR removal ( P <  0 . 0 5 ;  P <  0 . 0 1 ,  respectively) . The 
average number of class 1 foll icles in the early post-partum period increased 
significantly in the treatment group irrespective of whether or not animals 
d isplayed oestrus or ovulated with CL formation after treatment w ith C I DR/PMSG. 
The diameter of the largest unovulated luteinized foll icle in treated cows which 
d isplayed oestrus and/or ovulated increased significantly during C I D R  treatment, 
and its g rowth continued after the device was removed . 

I n  both post-partum periods, normal and luteinized class 3 fol l icles were 
found in non-cycling cows, where some had large normal and others had large 
lute inized fol l icles. Only 2 5 %  and 33 . 3 %  of the treated cows in the early and late 
post-partum period d isplayed oestrus, respectively. However, 5 5 %  and 50% of 
the treated and control cows which had not d isplayed oestrus, actual ly ovulated 
and formed a CL in the early post-partum per iod . 

From the results of this study, one can conclude that although i nsertion of a C IDR 
device into cycling cows synchronizes oestrus, there remains significant variation 
among animals in the precise time after device removal that oestrus commences. 
Moreover , some animals have reduced ferti l ity at the synchronized oestrus. To 
overcome these two l imitations on the benefits of synchronization, the d uration 
of treatment programmes based on a progestagen will have to be adjusted to 
obtain high conception rates, and greater account wi l l  have to be taken of foll icle 
wave patterns as a factor influencing precis ion of synchrony. These 
considerations apply also to the re-use of C I DRs after insemination, to reduce 
variation in  return to oestrus and to improve ferti l ity in cows which do not 
conceive to insemination at the first synchronized oestrus. 

To ensure precise synchrony it is important to emphasize that the most 
common problem in  breeding management i n  da i ry cows is inadequate oestrus 
detection. The tai lpa inting system may be less satisfactory in herds with 
continuous calving patterns. lt shows part icular potential for further studies 



i i i  

between animals which may not display oestrus, and the associations of the 
tai lpaint and raddle technique in a nimals with d ifferent coats and skeletal 
conformation . 

I n  non-cycling cows, further studies have to be focused on the importance 
of identifying factors which affect the treatment response , the endocrinological 
characteristics of these animals, and the interactions of the nutritional status, 
body condit ion and ovarian function d uring the post-partum period .  
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G ENERAL INTRODUCTION 

The present thesis was undertaken as a series of  five projects in  which selected 
studies were undertaken on the use of the CIDR intravaginal device in dairy cattle .  

The first study was designed t o  characterize the interactions involving the 
dynamic changes of foll icles in the ovaries of cycling cows, measured by 
ultrasound during and after CIDR insertion and until oestrus, and the associated 
changes in plasma progesterone concentrations at the different stages of the 
oestrous cycle in entire cows, and in  ovariectomized a nimals .  

The second study concerns an evaluation of  the effectiveness of  ta i lpainting 
combined with the use of an aerosol raddle technique in detecting oestrus in 
synchronized animals. Other aims were to compare the patterns of onset of 
oestrus with different synchrony treatment, duration of oestrus, and some 
observations of oestrous behaviour in animals forming sexual ly active groups. 

The third study evaluated a reproductive programme in dairy herds with a dai ly 
quota , and its effects on oestrus detection rates and return to service intervals, 
oestrous responses to two dose rates of prostagland in  combined with C I D R ,  and 
the effect of progesterone supplementation on ferti l ity. 

The fourth study was designed to evaluate the effectiveness of using mi lk  
progesterone tests to identify non-pregnant animals, and consequently improve 
oestrus detection rates in cows previously synchronized in a controlled breeding 
management system involving the use of CIDR devices for control l ing return to 
service intervals. 

The fifth study concerns a study of dynamic changes of fol l icles in the ovaries by 
using ultrasonography during two different phases of the post-partum period (early 
and late) ,  an examination of the effects of C IDR insertion and injection of PMSG, 
and measurement of  post-treatment response rates in  oestrus and ovulation in  
anoestrous dairy cows. 
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ABSTRACT 

This study was designed to characterize the interactions involving the d ynamic 
changes of the foll icles in  the ovaries of cycling cows treated with C I D R  devices 
inserted for 1 0  days when a nimals were at day -2 (CD, day 0 = day of oestrus) 
of the oestrous cycle ( Pro-oestrous C IDR insertion group [PCI ] ) ,  CD 3 
(Metoestrous C IDR insertion group [MC I ] ,  CD 7 ( Early-dioestrous C IDR  insertion 
group [E-DCI ] ,  CD 1 3  ( Late-dioestrous C IDR insertion group [ L-OC I ]  and Late­
dioestrous + prostaglandin [PGF] during C IDR insertion group [L-OCI + PGF] ) ,  and 
the associated changes in plasma progesterone concentrations (PPC) at the 
different stages of the oestrous cycle in the same cows, and in ovariectomized 
animals. The effect of supplemental progesterone from a C IDR  device on cycle 
lengths in cycl ing animals treated at different stages of the cycle also has been 
studied . The same animals were used in the treatment group,  as wel l  as in a 
control group when they were studied throughout one entire normal oestrous 
cycle. Some were used in the ovariectomized group. Ovarian function was 
measured by ultrasound during and after C IDR  insertion and until oestrus .  Blood 
samples were collected at d ifferent stages of the cycle, and treatment sequences 
were chosen to best reflect PPC patterns associated with device use, and during 
a normal cycle. 

The fol l icular population in the ovaries was affected by the presence or 
absence of a corpus luteum (CL ) .  The size of the largest follicle at C I D R  removal 
was smaller in cows with a CL ,  and the number of class 3 ( large; > 9 mm 
diameter of clear antral fluid) fol l icles was increased (P < 0 . 1 0). In  cows without 
a CL, foll icle diameter increased steadi ly until day of device removal when it 
averaged 1 5 .2  ± 0 . 8  vs 1 2 . 7  ± 0 .8  mm in cows with a CL ( P <  0 . 0 5 ) .  

Most cows (60% )  c a m e  into oestrus within three days o f  device remova l .  
Cows having a short interval to oestrus ( < 7 2  h) had a lower number of  medium 
sized foll icle (class 2; from 6 to 9 mm diameter) on the day of device remova l .  
There was a tendency for  these cows to have fewer class 1 (smal l ;  < 6 mm 
diameter) and  more class 3 fol l ic les. This tendency was also observed between 
stages of the cycle.  Moreover ,  cows having shorter intervals to oestrus had a 
higher number of c lass 3 fol l icles on the ovulatory ovary. There were significant 
interactions between treatments i nitiated at d ifferent stages of the oestrous cycle 
and the interval to oestrus, number of fol l icles in each class, and CL status of the 
ovary, especial ly when C I D R  devices were i nserted during pro-oestrus when all 
cows had a short post-treatment interval to oestrus, and with early dioestrus 
insertion when all cows had a long interval to oestrus. 

Most cows which were in oestrus soon after device removal and then 
ovulated , had a large foll ic le w hich developed or was maintained from the early 
stages of the CIDR treatment period. Cows with longer intervals ( >  7 2  h) had 
more foll icular waves duri ng C IDR treatment, a nd the ovulatory fol l ic le was 
detected later during treatment, or during the post-treatment period ( P  < 0 .05) .  
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Overal l ,  the average PPC 1 h after device insertion in cycl ing cows was 2 . 1 
ng/ml compared with 6 . 2  ng/ml in the ovariectomized cows ( P <  0 . 0 1 ) .  Changes 
in average PPC 1 hour after insertion a lso differed between animals treated at 
different stages of their cycles, being 2 . 4  ng/ml for the PCI group, no d ifference 
in the MCi group, 4 . 5  ng/ml for the E-DCI group,  and 2 .2 and 1 . 6 ng/ml for L-OCI  
and L-OCI  + PGF groups, respectively. 

The average length of the oestrous cycle in the metoestrous g roup was 1 6 . 6  
± 1 . 5 days com pared to 2 1 .4 ± 2 . 1 days for the control group ( [NC]  P <  0 . 0 1  ) .  
Dioestrous groups and the early d ioestrous g roup had similar average length 
cycles, but values differed from the untreated control group, (26 .0  ± 1 .7 ,  2 5 . 5  
± 1 . 9 ,  24.4 ± 2 .3  days respectively, compared w ith the control group a t  2 1 .4 
± 2 . 1  days) . 

These results demonstrate that the progesterone released by the C IDR  
appeared to  enhance the development and  maintenance of a dominant fol l icle. 
The post-treatment responses after C I D R  treatment were influenced by the 
fol l icular population, and by the stage of the fol l icular wave, even in the absence 
of a CL .  PPC during the C IDR insertion phase or after removal were influenced 
by the type of animal (ovariectomized, cycl ing ) ,  and the stage of the cycle when 
treatment was initiated . 
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INTRODUCTION 

Ultrasonography has opened several new lines of  research for  c linicians and 
reproductive biologists . When first introduced into theriogenology, ultrasound 
scanners were used primari ly for early pregnancy diagnosis and detection of twins 
in mares and ewes (Ginther, 1 986 ) .  Transrectal real-time ultrasound scanning of 
the bovine reproductive tract and ovarian structures al lows the operator to view 
images of structures which can sometimes be palpated ( Pierson and Ginther, 
1 984) .  

Images of the ovaries v ia ultrasound scanning can provide information a bout 
the foll icle population. Changes in the growth and development and regression 
of the foll icles in the ovary of cattle have been studied with the aid of daily 
scanning (Pierson and Ginther,  1 988a;  Savio et a l . ,  1 988;  S irois and Fortune , 
1 9 88 ) .  Foll icular populations were studied in cattle when a luteal phase was 
artificia l ly lengthened with exogenous progesterone (Sirois and Fortune, 1 990), 
and during the growth and regression of follicles in the late luteal phase of the 
oestrous cycle in heifers undergoing spontaneous or prostasglandin F 2 alpha 
(PGF) induced luteolysis (Quirk et al . ,  1 986) .  Dynamic changes in foll icles have 
not been studied during on oestrous cycle associated with a treatment with C IDR-
8 device. 

For the last 35 years, d irect research contributions have been made towards a 
general goal of developing effective methods for the control of the oestrous cycle 
in cattle. There are several programmes involving the use of hormonal 
compounds.  Oestrous cycles have been synchonized in cattle w ith progestagens, 
PGF, progestagen and oestrogen combinations, progestagen and PGF 
combinations , and progestagen and PGF combined with gonadotrophin releasing 
hormones (GnRH) .  

Ideal ly, a synchrony system wi l l  be  one which can at least maintain normal 
fertil ity, produce a high degree of synchrony, and be economical ly used to control 
the oestrous cycle before the first insemination, as well as before subsequent 
inseminations among those animals which return to service ( Macmil lan,  1 988c; 
Odde, 1 990).  

Dai ly injections of progesterone or injecting and feeding potent ora l ly  active 
progestagens for 1 4  to 20 days produced effective synchrony, but had low 
ferti l ity (Zimbelman et a l . ,  1 970; Wiltbank et a l . ,  1 967) .  Other forms of treatment 
with a progestagen have involved the use of a subcutaneous ear implant 
containing norgestomet (Wiltbank and Gonzalez Padi l la, 1 97 5 ) ,  or an intravaginal 
device releasing progesterone (PRI D) ,  with a capsule of oestradiol benzoate 
applied to the surface (Roche, 1 978) ,  or in combination with PGF (Roche, 1 976b) .  
More recently a new intravagina l  device (C IDR,  controlled internal drug release 
device) containing progesterone has been developed to treat cycling and non­
cycling animals (Macmil lan and Day, 1 987 ;  Macmil lan et a l . ,  1 990b) .  

Synchronization systems can successfully condense most oestrous events into 
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a 3 to 5 days period (Roche and I reland, 1 984), but there is  a considerable 
variation between animals w ithin this typical period . 

Several trials have described plasma progesterone concentrations (PPC) in cycling 
and ovariectomized animals treated with a progesterone intravaginal device. PR ID 
was used by Roche and Gosl ing ( 1 9 7 7 ) ,  Munro and Moore ( 1 9 8 5 ,  1 986) ,  Munro 
( 1 9 8 7 ) ,  and Robinson et al. ( 1 9 8 9 ) .  C IDR was used by Munro ( 1 987) ,  Macmil lan 
et a l .  ( 1 990c) ,  and Peterson and Henderson ( 1 990) .  However, the importance of 
progesterone treatment and associated PPC at the different stages of the cycle 
on ovarian foll icular status have not been studied . Thus, the specific aims of this 
study were to characterize the interactions involving foll icles in the ovaries, to 
profi le the changes in plasma progesterone,  to measure treatment effects on cycle 
lengths, and to closely observe the oestrus response in animals treated with C IDR 
devices at  different stages of the  cycle. 
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LITERATURE REVIEW 

Ultrasonic lmaging and Reproductive Events in Cattle. 

Diagnostic ultrasound instrumentation has been avai lable to the medical 
community since the early 1 970s. The early history of the development of 
diagnostic ultrasound commenced in 1 880 with the d iscovery  of the piezoelectric 
effect. Sonar equipment was used in the 1 940s to demonstrate echoes deep 
within body tissues. In the 1 9 60s, the contact scanner permitted visualising two 
level images (black and white) . The use of the electronic scan converter in the 
early 1 9 70s and gray-scale imaging , together with the development of real-time 
or dynamic imaging in the late 1 970s made this powerful technology adaptable 
for the study of the internal reproductive tract in large domestic animals by using 
a transrectal probe . 

Piezoelectric properties of certain crystals permit the conversion of electric 
current to ultrasound waves, and the subsequent conversion of the mechanical 
energy of echoes into electric current . This principle was uti l ised during World 
War 11 when ultrasound waves were used to detect submarines. lt was also 
adopted for the detection of tissue reflectors in which a water-path scanner was 
used with patients who were observed in a tank. A submerged transducer moved 
in a ci rcle around the patient. This represented an important advance, because 
the transducer could be applied d i rectly to the subject without passage of the 
sound waves and echoes though a water bath . A layer of ge l  between the skin 
surface and the transducer served to el iminate air, which w ould have blocked the 
passage of the ultrasound waves. These older scanners used a system in which 
the wide range of echo amplitudes was compressed into two levels (the images 
were e ither black or white ) .  

Many ampl itudes of  echoes were represented by levels of the g ray scale. The 
s ignals were stored in a screen converter and then displayed on a television 
m onitor. The original converters were replaced final ly by d ig ital scan converters, 
w hich stored the echo information in a memory similar to that used in personal 
computers. The development of real-time or dynamic imag ing allowed the 
operator to observe movements as they occurred (e .g . ,  heartbeats, moving fetal 
l imbs) .  

Several reports in  the early 1 980s generated excitement over the potential  of 
the technique in evaluating and monitoring reproductive structures and events i n  
mares. S ince then, ultrasound scanners have been integrated rapidly into cl inical 
and commercial  programmes in  the breeding of animals ( Pierson et a l . ,  1 988a) .  

Although the form of diagnostic ultrasonography to be described in  detail is  
the 8-mode for two-dimensional imaging , two other modes are available for study 
of soft tissue. The A-mode (amplitude mode) produces a one-dimensional display 
of echo ampl itudes for various depths. l t  is  in widespread use for evaluating the 
fat and lean portions of meat animals. l t  has been used for pregnancy diagnosis 
in ewes. The M-mode (motion mode) form of imaging is an adaptation of the 8-
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mode which is used for evaluating moving structures of the heart .  Doppler 
ultrasound systems are used to m onitor fetal heartbeat and blood flow in  large 
vessels; this system has been used for pregnancy diagnosis in  the late fetal stage 
in  large animals by detecting the enlarged principal uterine vessels  (Ginther, 
1 986 ) .  

Principles. 

Ultrasonography is becoming i ncreasingly important in veterinary medicine. lt is 
harmless, painless and less expensive than other a lternative imaging techniques. 
lt uses high frequency sound waves, ranging from 2- 1 0 megahertz (MHz) ,  or 2- 1 0 
m il l ion cycles per second (aud ible sound varies from 20-20,000 Hz) ,  to produce 
images of soft tissues and internal organs in a similar way to sonar being used to 
map the ocean floor. The sound waves are produced from a vi brating object, the 
transducer, which is made of a piezo-electric materia l .  The vibrating frequency 
is determined by the thickness of the transducer, with thinner transducers 
producing higher frequencies. The wave is produced by applying a high voltage 
electrical pulse to the crystal for a few microseconds. The transducer receives 
reflected sound waves. These are converted to a set of rhythmic voltages which 
are modified within the machine, and ultimately produce an image on a cathode 
ray tube as dots of l ight on a black background . The ampl itude of the echo 
determines the brightness of the dots. The image on the screen results from 
displaying all the echo signals from all the interfaces at the same t ime. The 
ultrasound beam must be moved to produce a succession of images. This is done 
either mechanically with the transducer moving , or electronical ly, where the 
transducer is stationary, but the beam is redirected using electronics {Powis, 
1 986 ) .  When the beam is m oved in  the form of an arc, it is  cal led a sector scan.  
The rectal transducers used w ith cows produce a rectangular ly shaped image. 
These are referred to as l inear array scans. 

Short bursts of ultrasound are emitted into a patient or subject from the 
transducer. The sound waves travel though the patient or subject at a constant 
speed until they meet a reflecting surface. A small component of the sound beam 
is reflected back to the transducer at the reflecting surface. The rest of the sound 
beam continues, but subsequently may send back echoes at all reflecting 
surfaces. A reflecting surface is an i nterface between two tissues with d ifferent 
acoustic impendance. The best i mages of structures and boundaries usual ly  come 
from mirror- l ike reflections. This occurs when the ultrasound beam is 
perpendicular to the reflecting surface. 

Sound is a mechanical wave of compressions and rarefaction within a medium. 
A sound wave can be compared to a longitudinal wave having a wavelength, 
frequency and velocity. I f  the speed of sound in  a particular medium is known, 
then the t ime it takes for a pulse of sound to be emitted and returned to its source 
can be measured , and consequently the distance the sound has travelled can be 
calculated.  The propagation velocity for ultrasound is 1 540 m/s, w ith a 
wavelength of less that 1 m m  i n  typical soft tissues. 

Veloc ity of wave = frequency x w avelength 
Distance travelled = velocity x time (Fig. 1 . 1 )  
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Properties of a typical longitudinal wave. 
Each wave has a characteristic wavelength 
(}J , frequency, and velocity. The amplitude 
represent the intensity of the sound (Herring 
and Bjornton, 1 98 5 ) .  
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Instead of reporting the actual d istance the sound beam has travel led from the 
transducer to the reflecting surface as a number, the ultrasound scanner converts 
this information into dots of l ight on a screen. The amplitude of the echoes 
received is reported in  terms of brightness of these smal l  dots of l ight on the 
screen. The posit ion of the dot of l ight on the screen is proportional to the actual 
distance travel led . Thus, an image of the tissues and organs traversed can be 
constructed by the sound bea m .  

Interaction o f  the Sound Beam with Tissues . 

The characteristics of time determine what proportion of the sound beam can be 
reflected . 

The reflected position is represented on the ultrasound image by shades of 
gray, extending from black to white . Liquids do not reflect sound waves ( i . e .  are 
nonechogenic or anechoic) .  Therefore, the image of a l i quid-containing structure 
will appear as a black zone on the screen . Dense tissues (bovine cervix) wi l l  
reflect much of the sound beam ( i .e .  they are hyperechogenic , or  hyperechoic) 
and wi l l  appear as white areas on the screen. Other tissues are seen in  various 
shades of g rey, depending upon their echogenicity (or abi l ity to reflect sound 
waves). 

The sound beam is attenuated as i t  travels though the body unti l  a reflecting 
tissue is reached . 

The principal causes of attenuation are: 

a) absorption; 

b) reflection; and 

c) scattering . 
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Absorption by the tissues can be a s  heat. Waves lose energy i n  the form of 
heat. This loss of energy l imits the depth to which the ultrasound w aves can 
penetrate. A 5.0 MHz transducer penetrates 1 00- 1 20 mm compared to only 30-
50 mm for a 7. 5 MHz transducer. 

Reflection refers to small portions of the ultrasound beam that strike reflective 
surfaces and are returned to the transducer. The remainder of the waves are 
reflected in non-perpendicular directions.  

Scattering occurs when small i rregular surfaces are encountered a nd the sound 
is scattered in all di rections in an unpredictable manner. 

A sound beam travels at approximately 1 5 40 m/sec in soft tissue. Therefore, the 
only variable that contributes to the d ifference in acoustic impedance of one soft 
tissue to another is its density. This creates an impedance mismatch ( reflecting 
surface) which is relatively smal l ,  but a smal l  portion of the beam is  reflected back 
to the transducer. The rest of the beam continues though to the next t issue 
producing an interface. 

A sound beam travels at approximately 3 1 00 m/sec in bone (almost twice as 
fast as in  soft tissue).  Thus, a soft tissue/bone interface represents a relatively 
large impendence mismatch. A high percentage of the beam is reflected back to 
the transducer, and the rest of the beam is  absorbed to create an acoustic 
shadow. 

A sound beam travels at approxim ately 2 2 1  m/sec in air .  Thus, a soft 
tissue/bone interface with air again represents a large impedance mismatch .  A 
strong echo is returned to the transducer,  and l ittle of the sound beam traverses 
the air medium; the bone and air have acted as barriers to the sound waves. 
Ultrasound technology is most suitable for soft tissues or soft tissue/fluids where 
the proportion of beam reflected is large enough to be registered on a TV monitor, 
but not large enough to cause signif icant attenuation of the sound bea m .  
Locating a scan plane that avoids bowel g ases, lung or bony structures is  cal led 
"finding an acoustic window" (Fig. 1 . 2 ) .  

Fig 1 . 2 
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The various potential acoustic interfaces 
encountered by the sound bea m .  The arrows 
represent pulses of sound (Herring and 
Bjornton , 1 98 5 ) .  
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The resolution of an ultrasound system can be defined as its a bi l ity to d istinguish 
c losely related structures. l t  is  divided into axial resolution a nd lateral resolution. 
Axial resolution is a measure of the abi l ity to show two interfaces when they are 
c losely separated along the axis of the ultrasound beam. lt  also is determined by 
the length of the ultrasound pulse generated by the transducer.  The smaller the 
axial resolution, the better the image.  The longer the wavelength, the poorer the 
axial resolution.  Therefore, h igh frequency transducers are preferred for maximum 
axial resolution. Lateral resolution refers to the abil ity to distinguish between two 
echo-forming surfaces lying side by side in  parallel with the sound beam.  The 
major contribution to image qual ity and system resolution is the lateral resolution, 
w hich depends on the shape of the ultrasound field, produced by the transducer 
( Ligtvoet et a l . ,  1 98 9 ) .  

T h e  mammal ian body i s  composed of many layers o f  tissue. A tissue interface 
occurs wherever tissues of d i fferent densities or acoustic im pedance (measured 
of the resistance of the tissue to propagation of the ultrasound waves) are in 
contact. The reflected wave is d i rectly proportional to the d ifference in acoustic 
i mpendance across the tissue interface. The density and organization of a tissue 
result in a characteristic ultrasonic pattern (echotexture) , which al lows the 
identification of many of the i nternal organs. The reproductive organs for 
example, may vary depending on reproductive status. Morphological changes 
occur in the uterus in  response to changes in the pattern of secretion of the 
ovarian hormones. These m orphological changes are reflected in  the echotexture 
of the uterus (Herring and Bjornton, 1 985 ;  Rantanen, 1 98 6; Pierson et a l . ,  
1 988b) .  

Artifacts may be due to sound beam properties, transducer qual ity, instrument 
adjustment or scan techniques . S ome artifacts, such as acoustic shadowing and 
d istance enhancement can i mprove the diagnostic accuracy. Others, such as 
reverberation and mirror images can cause confusion. 

The commonly encountered artifacts are: 

a )  acoustic shadows which are caused by the d isminished 
transmission of sound due to attenuation and/or reflection 
of the sound beam at acoustic interfaces such as soft tissue 
gas or bone (Herring and Bjornton, 1 985 ) .  For example, 
forms of shadowing may occur when the path of the sound 
beam is obstructed by bowel gas, or i f  there is  a lack of 
intimate contact between the transducer and rectal wal l  as 
when faeca l  mater ial  has adhered to the transducer; 

b)  refraction occurs w hen the portion of the sound wave which 
strikes the side of the curved boundary of a structure at less 
than 9Qo may refract,  causing a shadowing or lack of echo 
formation beyond the site of refraction. These artifacts are 
common in images of the ovary, as the beam encounters 
fluid-fi l led foll icles or the sides of spherical embryonic 
vesicles ( Pierson et al . ,  1 988b) ;  



c) enhanced-though-transmission which is when the sound 
beam passes though a relatively homogenous medium such 
as urine, bi le or fluid of ovarian fol l icles or embryonic 
vesicles. Less attenuation takes place than in  the 
surroundi ng echogenic areas. When the sound beam strikes 
the far wall of the structure,  the echoes a ppear brighter than 
the surrounding structures (Herring and Bjornton , 1 9 85 ) ;  

d )  specular reflection occurs if the portion of the beam which 
strikes the upper and lower surface of a fluid-fi l led spherical 
structure produces a highly echogenic reflection on the 
ultrasound image of the structure. Specular reflection can 
be a considerable aid in some instances, e .g .  examination of 
small vesicles (3-6 mm diameter) ;  

e)  reverberation produces artifacts which are commonly seen 
during rectal examination of the reproductive tract, because 
gas fil led segments of the intestine reflect sound waves 
back to both the transducer and also off the near and far 
surfaces of the gas fil led structure . Due to the lag t ime of 
each returning echo, bright echoes are receded on the image 
at deeper and deeper levels. There a re distinguishing 
characteristics of reverberations which are: equid istant, 
gradually d im inish in  intensity and are parallel to the 
reflective interface (Pierson et a l . ,  1 98 8 b) ;  

f) mirror-image artifacts occur at highly reflective interfaces 
and are caused by multiple internal reverberations. 
Returning echoes reach the transducer with a time delay and 
are registered on the image as being beyond the highly 
echogenic interface (Herring and Bjornton, 1 985 ) .  

Equipment. 
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The resolving power of the equipment is dependant on the frequency of the sound 
waves. High frequency provides greater deta i l ,  a nd lower frequency provides 
greater t issue penetration. A larger area is  viewed, with a low frequency 
transducer but with less deta i l .  A smaller area is  viewed, with a high frequency 
transducer but with m ore detai l .  High frequency transducers (e .g .  5 .0-7 . 5  mHz)  
are intended for  detailed study of  structures close to the transducer and are 
preferred for intrarectal examinations of the reproductive tract of cattle. 

There are two basic types of portable ultrasound equipment. These are: 

a) the mechanical sector scanner which provides a small 
acoustic window and good image quality, with the capabil ity 
of two d imensional imaging; and, 

b) the l inear array scanner where single small  transducers are 
fixed sequential ly to give a rectangular shaped image.  The 



main d isadvantag e  i s  that the large scanheads require large 
acoustic windows. 
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The ultrasound imaging i s  d one in real-time. This refers to the continuous 
upgrading and display of the image on a non-storage monitor.  Its big advantage 
is that movement of the patient becomes less important. Recording of the image 
is possible using videotapes or  m ultiformat cameras. 

Since the ultrasound frequencies do not penetrate air. lt is important to have 
close skin contact with the transducer head.  This is achieved in the body scan, 
by cl i pping the hair and by using an aqueous coupling gel . 

The ultrasonographer is a n  integral part of each ultrasonic examination at three 
d istinct levels. The most basic level is the eye to hand coordination necessary to 
locate the organs. Difficulties occasionally may arise when structures such as a 
loop of bowel or faecal material  disrupt the image. Secondly, once the structures 
of interest are located , the "u ltrasonic anatomy" must be evaluated.  Final ly, the 
basic principles of diagnostic ultrasound and the biological subject under study 
must be constantly integrated .  

�-

Ultrasonography has opened several new l ines of research for cl inicians and 
reproductive biologists. 

Diagnostic ultrasound may be used to examine virtually any soft tissue in large 
animals. When first introduced into theriogenology, ultrasound scanners were 
used primari ly for early pregnancy diagnosis and detection of twins in mares and 
ewes. As a result of recent e quipment modifications and evaluations, it now has 
a more fundamental role in research programmes in reproduction. 

Ultrasonography enables the visualization of ovarian and uterine structures for 
the identification of both physiological and pathological conditions . Also, the 
applications to the embryo transfer industry include evaluation of the fol l icular 
population and ovarian response to superovulation regimes as well as evaluating 
the reproductive tract of p otentia l  recipients, and diagnosing pregnancy and 
embryonic loss in recipients. 

Controlled Breeding in Cattle.  

For at least 3 5  years, direct research contributions have been made towards a 
general goal of developing effective methods for the control of oestrus in  cattle. 

A major reason for the development of effective techniques for regulation of 
the oestrous cycle has been to faci l itate the use of Artificial I nsemination (AI )  i n  
a breeding programme designed t o  accelerate genetic improvement for increased 
production efficiency. 

Although AI has been widely and routinely used in most dairy industries for 
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decades, its successful appl ication has been compromised in  various ways by the 
added requirement it imposes on farm staff for accurate oestrus detection . 

Succes in the use of AI  can  be enhanced by implemention a reproductive 
management system in a da i ry herd which takes advantage of techniques 
avai lable for improving reproductive efficiency in  dairy cows. These aspects 
i nclude semen processing , packaging and storing; semen and sire ferti l ity; 
detection of oestrus; computer ized dairy reproductive herd health records and 
controlled breeding programmes ( Macmil lan, 1 988b) .  

Although "synchronization of oestrus" has been routinely used to identify th is last 
area of reproductive management, the term "control led breeding " better fits the 
situation, since not all aspects of controlled breeding are d i rected at obtaining 
synchronous oestrus and ovulat ion . 

Oestrus detection has been shown to be a significant problem related to A l .  lt 
requires time, labour, and skil l  and can be expensive. lt has often been c ited as 
a major factor l imiting the widespread use of A I  in cattle (Smith, 1 98 6; Macmi l lan,  
1 9 85 ;  Foote , 1 9 75;  O 'Farre l ,  1 9 84) ,  and its economic impl ications have been 
frequently reviewed (Oitenacu et a l . ,  1 9 8 1 ;  Bai l ie ,  1 982) .  

I f  oestrus detection is not  correctly applied , then some of  the potential 
advantages from successfully using synchronization techniques wil l  be reduced , 
and may be lost (Kiingborg , 1 98 7 ) .  

There are other factors which m a y  affect detection of oestrus. As herd size 
increases, more efficient use of labour in dairy herds becomes essentia l .  Any 
means which al low groups of animals to be brought into oestrus over a short 
period of time and conceive w ithin a defined postpartum interval offer d istinct 
advantages. However, problems of insemination, travel costs and the practical 
use of A I  in cows and heifers are d isadvantages for some dairy farmers. 

Oestrous cycle control offers several a pplications in addition to synchronized 
breeding programmes. These include management of replacement heifers in beef 
a nd dairy herds, breeding c ontrol for planned lactations in  dairy cows and 
oestrous synchronization in  embryo transfer programmes. 

There are several programmes i nvolving the use of hormonal compounds .  Their 
use depends on the requirements  of each farm or ranch which may be operating 
under different management principles and have different economic constraints. 
They have different realities, requirements and objectives. For these reasons the 
g oal of veterinary involvement in dairy cattle herds must be g reater productivity, 
efficiency and profitability, especial ly in  control l ing reproductive cycles. lt is 
necessary to consider at least three major contributory factors: 

a) general on-farm herd management; 

b)  level of nutrition; and , 

c) relevance of a herd health proQramme. 
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In  cycl ic animals, control of the timing of ovulation is partly dependent on 
control l ing regression of the corpus luteum (CL) .  The two main m ethods of 
control l ing the time of ovulation are :  

a) the induction of premature but predictable regression of the 
cycl ic CL with prostanglandin F2 alpha (PGF) ,  or its 
analogues; and 

b) to maintain animals in an artificial luteal phase with 
exogenously administered progesterone until endogenous 
regression of the CL has occurred in al l  animals (Roche and 
I reland , 1 984) .  

Oestrus has been synchronized in  cattle with progestagens; prostaglandins; 
progestagen and oestrogen combinations; progestagen and prostaglandin 
combinations; and progestagen and prostaglandins combined with g onadotrophin 
releasing hormones (GnRH) .  

Progestagens administered for  1 4  to 20 days a re effective in synchonizing 
oestrus. However, ferti l ity at the synchronized oestrus is subnorma l .  Duration 
of progestagen treatment can be reduced by combining it with an oestrogen at 
treatment initiation. 

Prostaglandins can be used in double or single injection program mes. Ferti l ity 
of the oestrus after treatment is similar to or better than that of untreated 
contemporaries. Oestrus also has been synchronized effectively by c ombining a 
5 to 9-day progestagen treatment with PGF at or near the end of treatment. 

Ideal ly, a synchrony system wil l  be one w hich can at least maintain normal 
fertil ity, produce a high degree of synchrony, and be economical ly used to control 
the oestrous cycle before the first insemination, as well as before subsequent 
inseminations among those animals which return to service (Macmi l lan,  1 988c; 
Odde, 1 990) .  

Progestagens. 

Progestational compounds have been widely used to control the oestrous cycle 
of cattle. Several compounds were researched in the 1 9 60's as possible 
synchronization compounds. 

One of the m ore widely used progestagens is melengestrol acetate (MGA) 
which is administered oral ly (Zimbelman and Smith, 1 966; Rousell et a l . ,  1 969) .  
Oestrus and ovulation is suppressed in  cattle receiving MGA for 1 0- 1 8  days .  The 
percentage of MGA-treated females in oestrus in a 6-day period after treatment 
was simi lar  to the percentage of controls in oestrus in  a 20-day period (Zimbelman 
et al . ,  1 970) .  The ferti lity at first service was 1 4% lower for treated animals than 
for the controls.  Ferti l ity also was reduced a fter administration of 6-chloro-6-
dihydro- 1 7-acetoxy-progesterone (CAP; Hansel et a l . ,  1 96 6 ) ,  6-methyl- 1 7-
acetoxy-progesterone ( MAP; Zim belman et a l . ,  1 966 ;  Hansel et al . , 1 9 6 1 ) ,  and 
dihydroxyprogesterone acetophenide (DHPA; Wiltbank et a l . ,  1 967 ) .  
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Progestagen-Oestrogen Combinations. 

In general ,  treatment of cattle w ith short term progestagen system s  (a 7 - 1 2 day 
period) has not been associated w ith reduced fertil ity (Roche, 1 974a,  1 8 7 6a ) ,  but 
a luteolytic agent should be used to be effective in synchronizing oestrus. 
However, some reports showed that short-term treatments sometimes produced 
poor ferti l ity (Smith et al . ,  1 98 6 ;  Van Cleeff et a l . ,  1 989; Chenault et a l . ,  1 990) .  

Most tria ls using a subcutaneous ear  implant containing 6 m g  of  norgestomet 
plus an injection of 5 mg of oestradiol valerate and 3 mg of norgestomet given at 
the time of implant insertion (Syncho-Mate B) produced a h igh percentage of 
cattle showing oestrus soon after treatment. The range of animals showing 
oestrus within 5 days after treatment was 77 to 1 00%.  However, the ferti l ity at 
fi rst service ranged between 3 3  and 68% (Odde, 1 990). 

Ca psules containing oestradiol  benzoate which are fixed to the surface of a 
PR ID also were effective for oestrus synchronization in cattle (Roche, 1 978 ;  
Sprott et  a l . ,  1 984) .  The C I D R  has also been used successful ly  with an oestradiol 
benzoate ca psule to synchonise oestrus in heifers using a treatment i nterval of 1 2  
days (Macmi llan et a l . ,  1 98 5 ,  1 988a) .  

Prostaglandin F2 alpha and its Analogues (PG F). 

The luteolytic properties of PGF have been well established in cattle (Lauderdale, 
1 97 2; Rowson et al . ,  1 972 ;  R oc he, 1 9 74b; Jackson et al . ,  1 9 79 ;  Dobson et al . ,  
1 97 5 ;  I re land and Roche, 1 98 2 ;  Moffeo et a l . ,  1 983) .  I n  genera l ,  PGF and its 
analogues are ineffective in causing luteolysis during metoestrus (Lauderdale, 
1 972 ;  Rowson et al . ,  1 97 2; Jackson et al . ,  1 97 9 ;  Kirocofe et a l . ,  1 98 5 ) .  

One method of synchroniz ing oestrus with PGF a lone i s  to g ive t w o  injections 
from 1 0 to 1 4  days apart .  If cattle are distributed equally across each day of the 
oestrous cycle, then approxim ately 70% of the cycling animals should show 
oestrus after the first injection.  These animals, and the remainder of the cycling 
animals should then be at a stag e  of the oestrous cycle where they can respond 
to the second injection. The range of animals showing oestrus over a 5 day 
period after the two injection  system treatment ranged from 1 1  to 6 6 % .  
However, the ferti lity a t  first service ranged between 44 and 6 8 %  (Young , 1 989;  
Odde, 1 990) .  Fertil ity was s imi la r  for cattle that were bred at detected oestrus 
or at a fixed time 80 h after the second injection (Hafs and Manns, 1 97 5 ) .  The 
interval to oestrus after PGF is  shorter for heifers than for cows (King et a l . ,  
1 982 ) .  The response pattern a lso  varies with PGF  injection at different stages of 
the oestrous cycle. (Macmi ll an ,  1 978;  Refsal and Seguin, 1 980; King et al . ,  
1 982;  Macmil lan, 1 983; Macmil lan et a l . ,  1 984; Stevenson e t  a l . ,  1 984; Tanabe 
and Hann, 1 984; Watts and Fuquay, 1 985;  Momont and Seguin, 1 98 8 ) .  Cows 
initial ly treated in  midcycle have a greater oestrus response , and showed oestrus 
later than cows injected between days 5 and 9 of the oestrous cycle ( [oestrus = 
day 0] ,  Odde, 1 990) . 

PGF can be used in a s ingle injection programme. This method of using 
prostaglandin involves detecting oestrus, and inseminating animals for 4 days, 
then injecting those which have not been inseminated on day 5 and continuing 



1 7  

oestrus detection with inseminating from day 5 though 9 .  A variation of this 
method is to inject those which have not been in oestrus 6 to 1 1  days after their 
first injection and inseminated at oestrus over the next 4 days after the second 
injection.  Another single injection programme is to inject PGF, and then breed 
each animal at detected oestrus over 5 days. PGF can also be used in a single 
injection programme, using bulls fitted w ith a chinball harness in the pre-mating 
or pre-treatment period . The animals marked in the first 1 1 -day period are 
injected once with PGF at 1 7  days after bull introduction and inseminated on 
detection 3 and 4 days after treatment. The remaining animals marked in the 
second period are injected once with PGF 1 1  days after the fi rst g roup, with 
inseminations conducted over the next 4 days. 
These methods increase the proportion of animals conceiving over short periods 
of time after treatment compared with the controls (lauderdale et al . ,  1 980; 
Macmil lan,  1 986) .  

Watts and Fuquay ( 1 985)  and Stevenson et  al .  ( 1 9 84) have shown 
contradictory results in fertil ity fol lowing late and early luteal phase injections. In  
the fi rst study, the fertil ity was higher w ith PGF injected in the late luteal phase. 
However, the second study reported no differences in ferti l ity. Figueroa et 
al . ( 1 988 )  increased the oestrous response by injecting oestradiol benzoate 40-48 
h after the injection of PGF. However, pregnancy rates were not improved .  Other 
studies have reported similar results ( Peters et a l . ,  1 9 77; Dailey et a l . ,  1 983) .  In 
another study, lactating dairy cows were injected once or twice at selected 
intervals with PGF and inseminated at 7 2  h or 7 2  h and 96 h post-injection. In  
a series of  9 trials, the average pregnancy rate to fi rst insemination for over 2000 
PGF-treated cows was 69 % ,  compared to 60% in a compara ble number of 
untreated herd mates (Macmil lan and Day, 1 98 2 ) .  Malmo ( 1 9 8 8 )  reported that 
the conception rate of cows in the " why wait" group was greater than in the 
control group of cows which had their first service less than 80 days after 
calving .  This system involves a period of oestrus detection a bout 1 0- 1 1 days 
prior to the planned start of mating [PSM] .  Cows in  oestrus from day 1 1  to 6 
prior to PSM are injected with PGF at the first day of the PSM.  l t  would be 
expected to have animals in oestrus in the next 3-6 days. Cows in oestrus from 
day 6 to 0 prior to PSM are injected with PGF 6 days into the breeding season 
and inseminated as they are detected in oestrus. 

Progestagen-Prostaqlandin Combinations. 

Several combinations have been tested w ith progestagens w hen using a 
Norgestomet implant for 7 to 9 days w ith an injection of PGF 1 -2 days before, or 
at implant removal .  More than 9 0 %  of beef heifers were in oestrus in a 5-day 
period, and 62% conceived; the c ontrol g roup had a 60% conception rate to first 
AI (Heersche et al . ,  1 979;  Brown et a l . ,  1 98 8 ) .  I n  another study, a g roup of dairy 
heifers was treated for 7 days with a PR I D  and injected with PGF on day 6 (Smith 
et a l . ,  1 984) . The same treatment was used by Beal ( 1 983)  in lactacting beef 
cows. In both studies, the fertil ity to fi rst insemination using timed insemination 
was greater than in animals treated with two injections of PGF 1 1  days apart. 
The ferti l ity of the oestrus after treatment in some cattle may be reduced, even 
though the progestagen treatment is less than 9 days (Patterson et a l . ,  1 989) .  
Several reports using different progestagen treatments have shown that this 
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reduced ferti l ity was influenced by the stage of the oestrous cycle when the 
treatment was initiated (Brink and Kiracofe, 1 98 8 ;  Beal et al . ,  1 988 ;  Patterson et 
a l . ,  1 98 9 ;  Chenault et al . ,  1 990) . This reduced fertility was restricted to cattle 
in which the treatment was initiated during the second half of the oestrous cycle.  

Subsequent forms of treatment w ith progesterone inserted during the 
metoestrous stage compromised norma l  luteal function (Woody et a l . ,  1 9 67;  
Guinter, 1 9 70; Folman et  a l . ,  1 984; Battista et a l . ,  1 984; Macmil lan et  a l . ,  1 98 9 ,  
1 990c ) .  

C I D R  is a recently developed intravaginal  device t o  treat cycl ing and non-cycling 
animals. Three types of device have been developed for use with different 
species such as cattle, sheep, goats and deer. The type B is for use with cattle 
(Fig. 1 . 3 ) .  
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Fig 1 .3 CIDR Devices/applicators 

The m ode of action is to release progesterone at a control led rate into the 
blood stream of treated animals, thereby inhibiting ovulation . After removal of the 
device, the level of progesterone in the blood stream fal ls precipitously, thus 
initiating behaviourial oestrus and ovulation, as in the normal cycling animal .  The 
C IDR was designed to have a gelatin capsule attached to it to a l low an optional 
short-term treatment such as with oestrogen. In the development of the C IDR,  
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design and shape changes were made to achieve average plasma progesterone 
concentrations (PPC) of at least 2 ng/ml for at least 1 5 days. 

Macmil lan ( 1 987 ,  see Duirs et al . ,  1 986)  reported that PPCs in ovariectomised 
heifers 1 2  days after insertion of a re-used CIDR devices were maintained at levels 
of 2-2 . 5  ng/ml .  This result indicates the potential for re-using C IDR 's and 
maintaining an adequate PPC because of the a bi l ity for residual  progesterone in 
the si l icone matrix to migrate to the surface and maintain a high PPC after re­
insertion.  

CI DR-B Indications. 

The m ost commonly recognised indications for C IDR use include: 

i )  oestrous cycle control in yearl ing and adult cattle; 

i i )  im proving pregnancy rates fol lowing insemination and 
shortening the interval from first insemination to concept ion 
by synchronizing returns to service; 

i i i )  as a contraceptive ; and 

iv) treating non-cycling cows 

i) Oestrous cycle control in adult cattle. 

The strategic use of PG F and C I DR-8 with lactating dairy cows has the potential 
to concentrate breeding programmes in seasonal dairy herds and to maintain a 
365-day calving interval in  year-round herds . 

The treatment schedule which was used by Macmillan et a l . ( 1 986 )  was as 
follows: 

Al l  the animals were tail painted (Macmil lan and Curnow, 1 9 7 7 )  during the 
premating period and every oestrus date recorded for eight d ays. At this time, 
cows which had been detected in oestrus were re-painted w ith a second colour. 
Each of the remaining cows had a C IDR device inserted .  C IDR's  were removed 9 
days later and all cows injected with a luteolytic dose of PGF ( 5  ml Lutalyse, 
Upjohn N .Z . ) .  Artificial breeding started one day after CIDR removal and/or PGF 
had been given. Among the C IDR-treated cows detected in oestrus, 8 1 . 5 %  were 
inseminated from 48h to 9 6h after C IDR removal .  Longer response intervals were 
more common among C I DR-treated cows which had no prem ating heat dates. 
The overall average  pregnancy rate was 5 6 % .  Among the PGF group it was 
63%,  compared with 5 2 %  in the CIDR-treated group. Most of the cows which 
had fai led to conceive at  first insemination were detected in oestrus and re­
inseminated . A 92% submission rate was obtained in 6 days using this C IDR and 
PGF programme ( Macmil lan et a l . ,  1 986 ) .  
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i i )  Effects of usina CI DR-B after first insemination on pregnancy rate and 
subsequent synchrony. 

C IDR devices were used post-insem ination in 7 herds, insertion being at periods 
from 1 4  to 1 7 days post-insemination and removal at 2 1  days post-first 
insemination. 

CIDR rem oval at 21 days post-insemination caused 6 7 . 4 %  of 1 8 6 
reinseminated cows to have return i ntervals of 23 or 24 days. 
These cows had a second insemination either 48 or 72h after C IDR removal .  By 
comparison, 6 3 . 2 %  of 1 72 herdm ates used as control animals were re­
inseminated over the normal period of 1 8 to 24 days. 
There were fewer returns to service of around 6 weeks in the treated cows (36-
50 days; 8 . 2 %  for treated cows vs 1 5 . 2 %  for untreated cows) .  This use of  a 
C IDR device did not alter pregnancy rate to second insemination (Duirs et a l . ,  
1 986 ) .  

In  another study, heifers i n  4 tria ls  were synchonized using C IDR devices for 
9 days and PGF on day 7 .  Overal l ,  8 3 . 9 %  of heifers were in oestrus 48-7 2h after 
CIDR remova l .  C IDR devices after AI (new C IDR or 9-day used C IDR for days 1 -8 
or 2-9 post A I ,  respectively) reduced conception rate in two tria ls when re-used 
C IDR's were used . Treatment groups were 1 8 . 6  and 1 7 . 2% vs 42 and 5 2 . 8 %  
for the control groups, respectively. However, there was a positive effect on 
ferti l ity in  2 of 3 trials when the devices were re-inserted between days 1 7-22 
post A l .  C I DR devices synchronized returns to oestrus significantly in non­
pregnant heifers com pared with control groups , being 8 1 . 3 %  on day 24 in the 
treated group vs 1 2 . 5  and 2. 7 %  for c ontrol groups (Van Cleeff et al . ,  1 98 9 ) .  

A series o f  trials w a s  completed by Macmil lan e t  a l .  ( 1 990d) ,  in which C I D R  
devices were inserted into lactating c o w s  a t  4 t o  1 7 days after first insemination. 
Significant increases in pregnancy rate for individual days occurred when C IDR  
devices were inserted on  days 6 to  8 p ost-insemination. Over this 3 day  period 
Cl OR-treated cows had a pregnancy rate of 79 . 2 % ,  compared with 6 5 . 7 %  i n  
contemporary controls. No d ifferences i n  pregnancy rates were found between 
treatment and control groups when the treatment was initiated on other days of 
the cycle ,  or the duration of C IDR i nsert ion was for periods varying from 4 to 1 2  
days. 

A Cornell study used PRID  for 7 days plus PGF at 24h prior to PR ID removal,  
or PR ID + PGF as described plus PRID re-insertion from day 1 2- 1 9 post­
insemination in lactating dairy cows, in order to concentrate oestrus detection for 
AI into 1 week out of every 3 weeks. Seventy percent (70%) of the treated cows 
were observed in oestrus within the f irst post-treatment insemination week. 
Eighty six percent ( 8 6 % )  of all breeding (fi rst and repeat services) in treated cows 
occured during the established i nsemination week. 
First service conception rates were lower and services per conception h igher in 
treated cows due to appointment breeding with this treatment (Smith et a l . ,  
1 987 ) .  
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i ii) CI DR-device use as a contraceptive. 

C IDR devices have been used for extended insertion periods to study plasma 
progesterone concentrations over long intervals.  One experiment in intact and 
ovariectomized heifers showed that C IDR treatment prevented oestrus and 
ovulation for at least 7 weeks. After this t ime, there were some ovulations 
without oestrus, and occasional vag inal perforation . The entire heifers had 
concentrations of progesterone between 2 . 5  ng/ml in the second week and 1 . 1 
ng/ml in the seventh week, but the ovariectomized heifers showed concentrations 
between 2 . 2  ng/ml and 0 . 6  ng/ml (second and seventh week respectively) . The 
authors suggested that development of a contraceptive C IDR had considerable 
market potential but required design changes (Duirs et al . ,  1 9 8 6 ) .  

Programmes for oestrus synchronization (using prostaglandins, progesterone 
devices or progestagen and oestrogen treatments) were successfully used in cows 
with a single fixed-time insemination as an alternative to the tedium and 
inaccuracies of oestrus detection (Drew, 1 984) .  Although it is important to 
recognise that this procedure represents a compromise which may sometimes 
succeed and often fai l ,  methods of synchronization of oestrus are not used 
routinely in milk production programmes. 

Synchronization systems can successfully condense most oestrus events into a 
3 to 5 day period (Roche and I reland, 1 984), but there is considerable variation 
between herds in the pattern of oestrus events within this period . lt has been 
proposed that the length of pro-oestrus is influenced by ovarian fol l icular status 
at the start or at the end of treatment (Scara muzzi et al . ,  1 980;  Roche, 1 986 ;  
Sirois and  Fortune , 1 988;  Momont and Seguin, 1 988) .  Animals treated with 
prostaglandins in early dioestrus had shorter and m uch better synchrony between 
treatment and onset of oestrus than animals treated at midcycle ( Macmil lan et 
al . ,  1 984; Watts and Fuquay, 1 985 ;  M omont and Seguin, 1 98 8 ) .  

Synchronization systems with progesterone o r  its analogues must suppress 
plasma g onadotrophin concentrations as well as oestrus to avoid any subsequent 
reduction in ferti l ity (Roche and Ireland , 1 98 4) .  This reduced fertil ity may be 
associated with altered ovarian foll iculogenesis modulated by associated 
alterations in secretion of LH (Roberson et a l . ,  1 989) .  lt c ould contribute to 
variation in follicular development among animals at the end of treatment. 

Plasma Progesterone Concentrations in Cycling and Ovariectomized (QVX) 
Animals Treated with a Progesterone Intravaginal Devices. 

Several trials have described plasma progesterone concentrations ( PPCs) in cycling 
and ovariectomized animals treated with progesterone intravaginal  devices. PRID 
was used by Roche and Gosling ( 1 977 ) ;  Munro and Moore ( 1 9 8 5 ,  1 98 6) ;  Munro 
( 1 9 8 7 ) ,  and Robinson et a l .  ( 1 989) .  C IDR  was used by Munro ( 1 9 8 7 ) ,  Macmillan 
et al. ( 1 990c) and Peterson and Henderson ( 1 990) .  

Average PPCs 24h after PRID or CIDR insertion in heifers and cows vary 
considerably and incremental increases appear to be related to variation in 
metabolic clearance rates (Peterson and Henderson, 1 990) .  l t  has been shown 
that this increase is less in cycling than ovariectomized a nimals. Also, the 
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increase appears to be less i n  animals treated with PR I D  rather than C IDR  
( Robinson et al . ,  1 989;  Macmi l lan et al . ,  1 990c).  Moreover,  these changes are 
influenced by the stage of the cycle at C I DR insertion, for example heifers with 
C IDR  inserted during metoestrus had an average PPC of 5 . 0  ng/ml by 24 h after 
insertion, and for heifers inserted in d ioestrus on days 9 to 1 2 of 1 4. 5  ng/ml 
(Macmil lan et al . ,  1 990c ) .  

Average PPCs 2 4  h after PR ID  insertion i n  ovariectomized heifers varied from 
over 6 to 9 ng/ml (Munro and Moore , 1 986 ;  Munro , 1 98 7 ; ) ,  while in  
ovariectomized cows the average increase was 3 .0 ng/ml (Robinson et  a l . ,  1 989 ) .  
In  ovariectomized heifers treated with C IDR ,  PPCs increased to  8 .  7 ng/ml within 
6 h of device insertion. Moreover ,  the average increase in PPCs 24 h after C IDR 
insertion was 6 .  7 ng/ml fo r  ovariectomi zed heifers and 4.9 for cycl ing heifers 
(Macmil lan et al . ,  1 990c) .  F inal ly, cycling animals treated in d ioestrus with PR I D  
had a n  average increase i n  PPCs of 3 .  7 ng/ml 24 h after insertion while the 
animals treated with C I DR in the same period had an increase of 5 . 5  ng/ml 
(Robinson et al . ,  1 989;  Macmil lan et a l . ,  1 990c) .  



OBJECTIVES 

a) To fol low and characterize the d ynamic changes of the 
foll icles in  the ovaries at the d ifferent stages of the oestrous 
cycle by ultrasonogra phy during and after CIDR-8 insertion 
in  cycl ing cows; 

b) To measure associated changes in plasma progesterone 
concentrations dur ing these periods (pro-oestrus, 
metoestrus, early d ioestrus ,  late dioestrus) ,  and in 
ovariectomized cows; 

c) To determine the effect of exogenous progesterone on the 
oestrous cycle length; and , 

d )  To  characterize the interactions involving fol l icles in the 
ovaries, profi les of progesterone and cycle lengths in  
animals treated with C IDR devices from different stages of 
the cycle. 

2 3  
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MATERIAL AND METHODS 

Animals. 

The experiment was conducted at the Dairy Cattle Research Unit of Massey 
University from April to N ovember 1 98 9 .  Five nonlactating cycling Friesian cows, 
which weighed 470-550 kg and were aged between 4 and 6 years o ld ,  were used 
for this study. 

Animals g razed ryegrass-white clover pastures supplemented with hay. They 
were in good body condition thoughout the study. The animals were only stal led 
on those days involving hourly blood sam pl i ng .  On these occasions, they were 
outside at 6 hourly intervals to be checked for signs of oestrus and for rest 
periods. 

Oestrus detection consisted of four periods of observation each d ay, with each 
observation periods last ing at least 30 minutes . Tai l -paint and radd le  were also 
used (Macmil lan et a l . ,  1 988a)  to monitor oestrous activity. Oestrus was defined 
as that period during which a cow would stand to be ridden by her herdmates. 
In addition, the animals were considered to be, or have been in oestrus when 
raddle was removed and easi ly  detectable amounts of paint had been rubbed off. 

In calculating oestrous cycle length , account was taken of the t ime of C IDR 
removal ,  and  half days were defined (starting at  C IDR removal) to  
d istinguish between morning and  afternoon onset of  oestrus. 

Experimental Protocol. 

A Controlled Internal Drug Release (Eazi-Breed C IDR1m-B; CHH Plastic Moulding 
Co. , Hami lton, N .Z . )  device consisting of a si l icone elastomer impregnated with 
1 .9 g progesterone was used in  each treatment sequence. When use of a 
luteolytic agent was necessary, animals received an i ntramuscular injection of 500 
pg (cloprostenol 1 ) as PGF. 

Cl OR's were inserted for 1 0  days ( in  one sub-group ,  an injection of PGF was 
g iven during the CIDR i nsertion to each cow) during three selected stages of the 
oestrous cycle. 

Initial synchrony before the experiment started was achieved by treating with 
a CIDR-8 device for 9 days, with PGF g iven 2 d ays before device rem oval .  At 24 
h after device removal , it was considered that the cows were in  pro-oestrus and 
at a stage of the oestrous cycle equivalent to 2 days before an expected oestrus 
(Day-2).  At this time another C IDR was inserted and the tria l  treatment 
commenced for the " Pro-oestrous sequence " (PCI group) . 

1 E s t ru m at e ,  P i t m a n  M o o r e  N Z  L t d , U p p e r  H u t t . 
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I n  the following treatment sequences, each animal had a C I D R  device inserted 
on a pre-determined day for a specified stage of the cycle. 

The treatment sequence is presented in Fig. 1 .4 .  

i )  Pro-oestrous C IDR insertion g roup (PCI ) :  

C IDR 's were inserted o n  c ycle d a y  - 2  (CD-2) o f  the oestrous cycle (Day of 
oestrus = CD 0 ) .  

i i )  Metoestrous C IDR  insertion g roup (MCI ) :  

C IDR 's were inserted o n  C D  3 .  

i i i )  D ioestrous groups: 

a )  sub-group ,  Early-Dioestrous C I DR insertion group (E-DC I ) :  

C I DR 's were inserted on  C D  7 .  

b) sub-group, Late-Dioestrous C I D R  insertion group (L-OC I ) :  

C IDR 's were inserted on CD 1 3 . 

c) sub-group , Late-Dioestrous + PGF during C IDR insertion ( L-OCI + PG F) :  

C I DR 's were inserted on CD 1 3  p lus PGF on CD 1 5  of the oestrous cycle. 

The same animals were used in  each of the treatment groups, and then as a 
control group when they were m onitored thoughout the entire length of a normal 
oestrous cycle. 

Three of these animals were then ovariectomized and then had a C IDR  device for 
1 0 days after a 4 week period for post-operative recovery. 

Method of Use of the CIDR-B. 

The device used in  cattle is  regi stered as the Eazi-breed C IDR-Btm. 

1 .  

The sequence for inserting a C I D R  device was as follows: 

The C IDR-8 applicator was d ipped into a non-irritant 
solution; 

antiseptic 

2.  A C IDR-B device was inserted into the applicator so that the wings of 
device were folded and only the tips of the wings protruded from the 
front of the applicator; 

3 .  The front portion of the appl icator was d ipped into a veterinary 
obstetrical  lubricant; 
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4. The tai l  of the animal was l i fted and the l ips of the vulva wiped clean 
(d isposable tissue); 

5 .  The loaded appl icator w a s  i nserted sloping slightly upwards, though 
the vulva and then forward,  without forcing, into the anterior port ion 
of the vagina; 

6 .  After releasing the removal string or nylon filament, the handle of the 
plunger was f irmly depressed to expell the CIDR-B device; 

7 .  When the C I DR-B was correctly located,  the front wings opened in  the 
anterior portion of the vagi na ,  with the removal string or nylon f i lament 
protruding from the vulva; 

8 .  Adequate depth of insertion was checked by using the string or nylon 
filament attached to the C I DR-B as an indicator of its position; 

9 .  Step 1 was repeated before the insertion procedure was commenced 
with another animal;  

1 0 . The CIDR-B device was removed by firmly grasping the string or nylon 
fi lament and pull i ng the device from the vagina; and 

1 1 . Each used C I DR-B device was buried and burned (Duirs et al . ,  1 98 6) .  

Blood Collection and Analysis. 

Blood samples were collected during d i fferent stages of the oestrous cycle and 
treatment sequences, to measure plasma progesterone concentrations (PPC) by 
radio immunoassay.  

Before C I DR-B device insertion.  Samples were collected by jugular 
venepuncture from 2 h before unti l  0 h (C IDR-B insertion) . These samples were 
col lected at 1 h intervals.  

From CI DR-8 device i nsertion to removal .  These samples were collected at 1 
h intervals from 0 h to 24 h from indwel l i ng jugular catheters, and then at 24 h 
interval until device remova l ,  by sampling from the jugular vein .  

After CIDR-8 device removal . These samples were collected at 30-minutes 
intervals from CIDR-8 removal to + 1 2  h and from + 1 2  to 24 h at 1 h intervals.  

From + 24 h after device rem oval, sam ples were collected twice dai ly until 
oestrus by jugular venepuncture . 

Each sam ple (8 ml)  was drawn into a heparinized tube (Nipro-New Tube System ,  
Vacuum Blood Collecting System, N issho Corporation, Osaka, Japan), and then 
immediately centrifuged at 5 oc for 20 minutes at  3000 xg . The extracted 
plasma was stored at -20 oC until measured by specific radioimmunoassay (RIAs) 
for progesterone and LH . 
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The samples selected for assaying plasma progesterone in each treatment g roup 
were those which were taken just before a C I D R  d evice was inserted ,  1 h after 
device insertion, at day 3 after device insertion (only in d ioestrus and for sub­
g roups b and c ) ,  at day 1 0  of treatment just before CIDR device remova l ,  and 
then 6 h later. 

The same sequence of samples from the OVX cows was assayed for 
progesterone , as well as the samples taken 24 h after device removal .  

Samples analyzed for  plasma progesterone in normally cycl ings cows were 
taken at day -2 (pro-oestrus) ,  and days 3 (metoestrus), 7 (early d ioestrus) ,  and 1 3  
( late d ioestrus) of the oestrous cycle. 

The assayed samples were at treatment stages known to best reflect PPC 
patterns associated with device use (Macmil lan et a l . ,  1 9 87 ;  Peterson et a l . ,  
1 990) . 

Normally cycl ing (NC) group. 

Samples were collected by jugular venepuncture. They were collected once dai ly 
from oestrus until day 1 6  of the oestrous cycle,  a nd then twice dai ly unt i l  the 
next oestrus . 

Ovariectomized (QVX) group. 

There was also a period of sampling from 3 ovariectomized cows. Devices were 
i nserted after a 4 week post-operative recovery period ,  and samples col lected 
using the same procedure described for animals in each of the groups of treated 
cycling cows. 

Blood samples for luteinizing hormone (LH) d etermination were collected in the 
late d ioestrus stage, sub-group b (L-OCI ) .  Samples were collected at 30 m inute 
i ntervals from an indwell ing jugular catheter, from the onset of oestrus until + 1 8  
h after the end of oestrus. 

Procedure of Jugular Cannulation. 

The standard procedure used in the Department of Animal Science, Massey 
University (Professor S .  McCutcheon, unpublished) was followed . 

Materials and eauipment. 

1 .  Sterile physiological  sal ine (Travenol Lab .  N .Z. Ltd , Auckland ) .  

2 .  Heparin stock solution at 1 00 I U/ml [in sal ine] (Hepari n , N .Z . ,  
Pharmaceutical Ltd, Palmerston Nth) .  

3.  Oxytetracycline (Pfizer,  Pfizer Lab .  Ltd , Manukau City). 

4. Tubercul in syringes [ 1 ml ]  and 1 4- 1 8 G  stainless steel needles. 
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5 .  Cannula tubing,  I D  1 .0mm O D  1 . 50mm polyethylene tube Deural Plastics, 
N . S.W. , Austral ia ) .  

6 .  Scalpel blades and  handle .  

7 .  Cannula hubs made from 1 8G hypodermic needles. 

8 .  Plastic basin .  

9 .  70% ethanol in  water. 

1 0 . Linen Thead .  

1 1 . Scissors. 

1 2 . Sleek tape (Smith and Nephew Medical Ltd , England ) .  

1 3. 5 ml syringes . 

1 4. Halters. 

1 5 . Rope. 

1 6 . Systenet ( I nternational Surgical Netting S . P.A. , Italy) . 

1 7 .  Small  an imal  cl i ppers . 

1 8 . Extension lead .  

1 9 . Isolating transformer (as required ) .  

20. Savlon or s imi lar a ntiseptic ( Savlon, ICI Tasman, U pper Hutt, N .Z . ) .  

2 1  . Plastics buckets. 

22.  Paper towels. 

23. Surgical swabs (Tse Fong Chemical Cotton Co. Ltd , Taiwan) .  

24. Spray-on anaesthetic, Xylocaine 1 0% Spray (Astra Pharmaceutical Ltd ,  
N . S.W. , Austra l ia ) .  

25 .  Cannulation needle and sleeve Argyle Medicut "T" 1 4  gauge 
(Sherwood Medical Co . ,  St  Louis, U .S .A. ) .  

26 .  Cannula plugs (made from o ld  2 and 1 2  ml Iuer lock syringes).  

27.  1 6G needle for suture . 

28. Adhesive bandage (elastoplast). 
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30.  Penici l l in [Streptopen](Giaxo N .Z .  Ltd , Palmerston Nth) .  

31  . 1 4G stainless steel needles. 

32 .  1 8G stainless steel needles (N ipro,  Japan) .  

33.  1 0  ml syringes (Monoject, Sherwood Medical,  St Louis, U .S.A. ) .  

34. Rectal thermometers. 

3 5 .  Stainless steel trolley. 

B. Procedure . 
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1 .  Sterile saline containing 1 00 I U/ml Heparin and 0.04 ml/1 OOml 
oxytetracycline was made and stored under refrigeration; 

2 .  Cannula tubing was cut t o  a length with a scalpel ,  a l lowing sufficient 
tubing to run from between the shoulders to a point of entry 1 0- 1 5 cm 
into the vein; 

3 .  Hubs which were made from 1 8G hypodermic needles cut to  1 . 5-2 .0 
cm length were fitted into cannulae. The outside edge of  each needle 
was careful ly rounded on a wetsone (connect to old syringe for easy 
handling) ,  and the internal surface reamed out with the point of an old 
needle. The external and internal surface were roughened and tubing 
cut to trap fibrin clots respectively; 

4. The cannulae was stra ightened out and placed in  70% ethanol to be 
steril ised; 

5 .  Linen thead was cut into 1 5  cm lengths; 

6 .  Sleek tape was cut into 5 cm lengths; 

7 .  5 m l  syringes were loaded with heparinised sal ine; 

8. An animal was restrained and the neck shaved with smal l  animal 
cl ippers. Systenet was placed on the neck of the animal and pushed 
down to below the cannulation site; 

9 .  The shaved a rea was washed with a n  a ntiseptic solution (Savlon in 
warm water) ,  and dried with paper towels; 

1 0. Local anaesthetic was sprayed around the site of cannulation; 

1 1 . A cannulation needle and sleeve were removed from their sterile cover, 
and then the plug was removed from the end of the needle. The 
needle was replaced in the sleeve and examined to ensure that the 

• 
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cannula fitted though the sleeve; 

1 2 . The jugular was occluded by pressing below the cannulation site with 
a thumb. Needle/sleeve were inserted though the skin and into the 
vein; 

1 3 . When blood flowed freely though needle, it was removed whi le  holding 
the sleeve in place. The cannula was inserted though the needle with 
the sal ine syringe connected. Before a n  injection of 2 ml of heparinised 
sal ine, it was checked to ensure that blood flowed freely into the 
syringe; 

1 4. The syringe was removed and replaced with a cannula plug ; 

1 5 .  The cannula was then dried a t  the w ound and wrapped t ightly with a 
sleek tape around i t .  Tie l inen was theaded tightly around the sleek so 
that it  embedded itself into the tape; 

1 6 . A 1 6G stainless steel needle was inserted though the skin at right 
ang les to the jugular and - 1 cm above the wound. Linen thread was 
passed though the needle. The needle was removed and the suture 
tied off; 

1 7 .  Aureomycin power o r  spray-on bacteriostat was squirted around the 
wound; 

1 8 . The cannula was run over the shoulder to behind the neck. The 
adhesive bandage was wrapped around the neck to cover the w ound 
site and the cannula was held in  place. lt was passed between two 
layers of adhesive bandage. When bleeding occurred around the 
wound, a swab was folded under the bandage to apply pressure; 

1 9 .  Systenet was pul led u p  to cover the cannula and connected t o  the 
halter. The forelegs were passed though holes in the lower part of the 
Systenet; 

20.  The animal was put back into its stall, and then i njected 
intramuscularly with penicil l in .  

C .  Removal of a cannula. 

1 .  The systenet was removed . Then the adhesive bandage behind neck 
was cut and pulled d own to expose the cannulation site . 

2 .  Next, the l inen thead was cut and removed from the skin .  The c annula 
was withdrawn gently. Pressure was placed on the w ound until 
bleeding ( if any) stopped, and aureomycin powder appl ied.  

3.  Each animals intake, behaviour and rectal temperature were monitored 
for the next 2 days. 
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4 .  Cannula hubs and plugs were saved before discarding the remnants of 
each cannula. 

5 .  Hubs and plugs were washed as soon a s  possible and ster i l ized 

Ovariectomy. 

Ovariectomies were performed on three cows. Food was withheld  from each 
animal for 1 2  h, and water for 6 h prior to surgery. 

Each cow was restra ined in a metal crush and sedated with intravenous 
xylazine (Rompun 2% solution, Bayer N .Z .  Ltd , Marine Parade, Petone) i njected 
into the coccygeal vein at a dose rate of 0 .04 mg/kg . The skin of the left 
paralumbar fossa was cl i pped and the l ine of the surgical incis ion shaved .  
Regional local anaesthesia was induced using a n  inverted L block technique . The 
cl ipped area of skin was aseptical ly prepared for surgery with alternating solutions 
of aqueous hibitane and hibitane tincture. Finally, the surgical f ield was sprayed 
with iodine and appropriately draped . A 20 cm vertical incision was made though 
the skin from approximately 5- 1 0  cm ventral to the lumbar transverse processes 
to 1 0 cm cranial to the tuber coxae.  The a bd ominal wall was divided w ith sharp 
scissors, as was the peritoneum . An ecraseur was introduced with the left hand 
and closed around the ovarian pedicle of the right ovary. The chain loop was 
slowly tightened to sever the pedicle,  and then the ovary was removed from the 
abdomen. This procedure was repeated for the left ovary. The a bd ominal wal l  
was closed in two layers with 5 metric chomic gut using a continuous suture 
pattern. The skin was closed w ith 6 m etric nylon using a blanket stitch. 
Streptomycin/penic i l l in (Stretopen 2 50/2 50 i njection, Pitman Moore NZ Ltd , U pper 
Hutt, N .Z . )  at dose rate of 1 5mg/kg was given intramuscularly for 3 days 
following surgery (Jennings ,  1 984) .  

Hormone Assays. 

Progesterone. Plasma concentrations of progesterone were determined by the 
method of Kirkwood et al. ( 1 984) .  Determinations were made on 500 pi sub­
samples from each orig inal plasma sample. They were extracted w ith 5 ml  
toluene : hexane ( 1  : 2  v/v) . The solvent-plasma mixture was re-frozen overnight, 
and the solvent supernatant then decanted i nto clean tubes, dried under air  and 
redissolved in  500 pi ethanol. Dupl icate 1 00 pi samples of ethanol extract were 
dispensed into plastic tubes and dried under a ir, as were duplicate 1 00 pi samples 
of standard ethanolic solutions of progesterone ( P- 1  030:Sigma Chemical  Co . ,  St 
Louis, Missouri, U .S .A. )  with concentrations corresponding to plasma 
progesterone levels of 0 .625-40 ng/ml .  A m ixture containing antiserum (courtesy 
of Or J. T. France) at a final d i lution of 1 : 1 8000 (Tungsubutra & France, 1 978 ) ;  
[ 1  ,2,6, 7-HJ progesterone(TRK 4 1 3 ,  Amersham ,  Bucks, U.K.)  a t  1 OOOO c.p .m. / 1  00 
pi; phosphate-buffered saline containing 0 .02  m-EDTA and 0 . 1 % gelatin (PBS-EG) 
in the ratio of 1 : 1 :4 (by vol . )  was added ( 600 pi) to each tube and vortexed.  
After overnight incubation at 4 °C,  600 pi of  2 . 5 %  (WN) charcoal (Norit A; A .  H .  
Thomas Co. ,  Philadelphia, U .S.A. )  suspension in PBS-EG were added t o  the tubes, 
vortexed and then incubated at 4 oc for 1 0 minutes. Tubes were then 
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centrifuged at 3000 g for 1 0 m inutes at 4 o c .  The supernatant was decanted 
into scinti l lation vials, and 6 ml toluene-trition scintil lation fluid added before 
counting for 2 minutes in a 8eckman LS 7 500 scintil lation c ounter.  

Assay sensitivity was 0.07 ng/ml .  Intra-assay coefficients of variation (CV) were 
1 4, 1 1 . 6 and 1 5 % and inter-assay CV were 9 . 54, 1 3  and 20 % for plasma pools 
containing mean progesterone concentrations of 5 . 9 ,  1 0 . 9  and 2 . 5  ng/ml ,  
respectively (N = 26) .  

Luteinizing hormone. Plasma LH levels were measured by double antibody 
radioummunoassay using assay kit ingredients supplied by N I DDK, N I H ,  8ethesda,  
Md . ,  U .S .A . .  lmmunoreagents, prepared by Dr A .F. Parlow, Torrance, Ca, U .S .A . ,  
were : N IADDK-oLH-1-3 for radio iodination; N IADDK-anti-oLH-1  antiserum; and 
N IADDK-oLH-24 for assay standars. Separation of free and bound radi oiodinated 
oLH was achieved with d onkey anti-rabbit IGG serum ( l D S  Ltd , Washington, 
USA) . Assay samples were processed in a single assay for which the l imit of 
sensitivity was 0.07 ng/ml and the within-assay coefficient of variation was 
7 . 4 5 %  at a mean plasma LH c oncentrations of 1 ng/ml (n = 9 ) .  

Ultrasound Examination. 

Ovarian fol l icular populations were examined using a transrectal real time l inear 
array ultrasound (Aioka , Echo Camera , Multicrystal Scanner, m odel SSD-2 1 0-DX, 
Japan) with a 5 .0 megahertz probe . 

Presence or absence of corpus luteum (CL) and the size and number of ovarian 
foll icles with antral diameters equal to or greater than 2 mm were recorded . The 
fol l icles were classified into three categories described as fol low: 

Smal l :  < 6 mm diameter of clear antral fluid (Class 1 ) .  

Medium : from 6 to 9 mm d iameter (Class 2) .  

Large:  > 9 mm diameter d iameter (Class 3) .  

In  the control group, ovaries were examined by ultrasonography on:  

CD 0 :  coinciding with oestrus; CD 2; CD 3; CD 4;  CD 6 ;  CD 7;  C D  1 3; and 
also at CD -2 (2 days before oestrus); and finally CD 0. 

In  the treatment groups , ovaries were examined by ultrasonography on : 

Treatment day (TD) 0 coinciding with C IDR-8 insertion and before jugular 
cannulation; TO 1 ;  TD 3; TD 6; TD 1 0  before C IDR-8 removal and jugular 
cannulation, and then at post-TD 1 0  at one day after C IDR-8 removal ,  and on 
alternate days after 1 day of C IDR-8 removal until oestrus. Ovarian examinations 
were a lso made at oestrus and CD's 2 ,  4 and 6 corresponding to days 2 ,  4 and 
6 of the oestrous cycle, respectively. 

No chemical methods were used to restrain  an animal because none showed signs 
of chronic d iscomfort. They were simply held in  a race during the scanning. The 
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method for examining the ovaries by ultrasonog raphy was adopted from the 
procedures described by other workers (Sirois and Fortune , 1 988 ;  Quirk et a l . ,  
1 98 6) .  

The routine established for each examination was a s  follows:  

i )  faecal material was removed manually from the rectum 
before examination;  

i i )  the transducer probe was inserted into the rectum ;  

i i i )  each ovary was separately located,  and scanned several 
times and in more than one plane. When necessary, the 
image was frozen on the screen and the size of each foll icle 
measured; and 

iv) the probe was d ipped in  antiseptic solution after each 
examination. 

Each ultrasonographic examination was recorded on videotape (Panasonic­
VHS-NV-E 1 80SP) . The video recorder was a National AG-6 200-EN,  Matsushita 
E lectric Industrial Co. , Ltd Japan.  The tape was reviewed on the screen of the 
scanner, and diagrams of the relative positions of the fol l icles and their 
relationship to other ovarian structures were drawn for each ovary. This al lowed 
individual fol l icles to be identified on successive days. If the image of the foll icle 
being scanned was not spherical , the diameter was estimated by averaging the 
longest and shortest diameters. All fol l icles were measured on the screen with 
a cal l iper cali brated against the scale provided with the ultrasound unit. Al l  
ultrasonographic examinations , and the subsequent reviwing of videotapes were 
performed by one operator. 

Criteria used were : 

Dominant Foll icle. The largest foll icle identified during a g iven per iod of time, and 
with a diameter of > 6 mm.  

Maximum Size. The largest diameter measured in a dominant fol l icle. 

Day of Maximum Diameter. The fi rst day at which the maximum diameter was 
recorded for a dominant fol l icle for m ore than one consecutive day. 

Val idation of ultrasonic measurements of fol l icular diameter. 

Both ovaries (n = 6) in each of three (3) cows were examined fi rst by ultrasound 
before ovariectomy. The ovaries of each of these animals were recovered within 
2 m inutes of ovariectomy, and placed in cold saline. Fol l ic les of > 2 mm 
diameter were counted, and measured with cal l ipers in situ. Foll icles of  > 4 mm 
diameter were removed from the ovaries and dissected free of  stromal tissue. 
The diameter was estimated by measuring the average d imensions of the clearly 
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definable antral fluid volume. 

During the following 3 h after d issection, each ovary was examined by 
ultrasound . The examination was made by f irmly holding an ovary in  a thermostat 
and submerging it in a beaker of normal sal ine at room temperature. The beaker 
also contained the probe of the ultrasound unit. The ovary was manoeuvred 
around a fixed probe (Macmil lan and Thatcher, 1 990).  

Statistical Analysis. 

Data were analysed using the Panacea Database Management System (PAN 
Livestock Services Ltd . Department of Agriculture, University of Reading , P. O .  
Box 236, Reading , Berkshire, England ) .  The total number of fol l icles, a n d  number 
of fol l icles within each class were analysed , including the effects of day of the 
oestrous cycle and interval from C I D R  removal to oestrus, effects of presence or 
absence of a CL during treatment, and fol l icular diameter classes (class 1 ,  2 , 3 ) ,  
and diameter o f  the largest fol l icle. 

PPCs were analysed , including presence or  absence of a CL  and ovaries and 
days of the oestrous cycle at C IDR  insertion ,  and during the treatment period . 
Animals were g rouped for different analyses and tested within groups. 

Multiple regression analysis was used to obtain the correlation between the 
ultrasound diameter and the cal l iper measurements of follicle diameter. 
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RESU LTS 

Animals. 

None of the treated animals displayed signs of discomfort due to C IOR  treatment 
or jugular cannulation, and none required veterinary attention during the 
experiment . No animal was excluded from a treatment period because of effects 
from a preceding treatment period . I n  this experiment, 28 C I O R 's were inserted . 
None was lost during the study period . 

Pro-oestrous CIDR insertion (PCI) G ro up. 

The average numbers of class 1 ,  c lass 2 and class 3 fol l ic les at the different 
stages of the oestrous cycle when C I O R 's were inserted are presented in Table 
u. The number of class 2 fol l icles decl ined during the C I O R  treatment period 
( 2 . 5  ± 0 .6  vs 1 . 5 ± 0 .3 ;  P < 0 .20) ,  but numbers of c lass 1 and 3 foll icles were 
unchanged. The dominant foll icle present when the C IOR was i nserted in 4 of the 
5 cows (-2) was the ovulatory fol l icle. The fifth cow develo ped  a new ovulatory 
fol l icle 1 day after C IOR remova l .  The average size of the largest foll icle at C IOR 
removal was 1 5 . 3  ± 1 . 3 mm, the post-treatment interval to  oestrus was 2 days 
( ± 0) ,  as al l  cows had a short interval to oestrus after CIOR remova l .  

There were more class 1 and class 3 fol l icles during the period of  C IOR 
treatment on the ovulatory ovary ( 1 0 . 8  ± 0 . 5  vs 1 2 .3  ± 0 . 7 ,  respectively; P 
< 0 . 1 0) and ( 1 . 2  ± 0. 1 vs 0 .2  ± 0. 1 ,  respectively; P < 0 . 00 1 ) . The average 
number of class 2 follicles was simi lar ( 1 .8 ± 0 . 2  vs 1 .9 ± 0 . 2 ,  respectively) . 

Average plasma progesterone concentrations (PPC) at the t ime of C I OR insertion 
(TO 0) and at selected intervals during treatment (TO 0 + 1 h, TO 3, TO 1 0 and 
TO 1 0  + 6 h) in cycling and ovariectomized cows are presented in Table 1 . 2 .  

The average PPC at  CD -2 of  the oestrous cycle prior to C IOR insertion (TO 0 )  
for the PC I  group was less than the detectable l imit of  the assay (0 .07  ng/ml ) .  
Only  one hour after device insertion, it was 2 . 5  ng/ml ( ± 0 . 1 ) ,  representing an 
average increase of 2 . 5  ng/ml .  

O n  TO 1 0 , the PPC was 2 .3  ng/ml ( ± 0.1  ) .  

B y  6 h after C IOR removal ,  the PPCs were again less than the detectable l imit 
of the assay. 
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Metoestrous CIDR insertion (MCI) Grouo. 

The number of fol l icles in  each class remained approximately constant thoughout 
the treatment period (Ta ble 1 . 1  ) .  

The ovulatory fol l icle w a s  detected in  3 cows o n  T O  1 ( C D  3 ) ,  and i n  a nother 
on TD 3. The remaining cow developed a new ovulatory foll icle 1 day after CIDR 
removal .  

The average s ize of the largest fol l icle at CIDR removal was 1 3 . 1  ± 1 .0 mm, 
and the average post-treatment interval to  oestrus was 3 .6  days ( ± 1 . 5 ) .  

Cows having a short interval to oestrus after C IDR  removal ( < 3 days) had a 
lower average number of class 1 fol l icles on the ovulatory ovary d uring CIDR 
treatment than cows having a long interval to oestrus, and also com pared with 
cows having a short or long interval to oestrus on the nonovulatory ovary ( 1 5 . 2  
± 0. 1 vs 20 . 7  ± 0 .  7 ,  1 7 . 1  ± 0 .3 ,  1 9  ± 0 . 1 ,  respectively; P < 0 . 0 5 ) .  There 
were no significant d ifferences in the average number of class 2 and 3 fol l icles in  
cows having a short or long i nterval to oestrus on the ovulatory or nonovulatory 
ovaries. 

The average PPC at CD 3 at the time of CIDR insertion was 2 . 3  ng/ml ( ± 0. 1 )  
(Table 1 . 2 ) .  

One hour later (TD 0 + 1 h ) ,  it was 2 .0 ng/ml ( ± 1 .4) . 

At TD 1 0 , the average  PPC was 5 . 1  ng/ml ( ± 1 . 8 ) .  

PPCs at  TD 1 0  + 6 h averaged 3 .5  ng/ml ( ± 1 .8 )  (Table 1 . 2 ) .  At this t ime the 
PPCs for 3 animals which had progesterone concentrations less than 1 ng/ml at 
TD 1 0  was 0.48, compared to 8 .03 ng/ml in the remaining 2 animals.  

The average cycle length of cows in this MCI group was 1 6 . 6  ± 1 . 5 days (� 
.L.3J. However, the average i nterval from CIDR removal to oestrus for the cows 
with PPCs < 1 ng/ml at TD 1 0  was 2 .  7 ± 0 . 6  days, compared with 5 .0 ± 1 .4 
days in the 2 cows PPCs with > 1 ng/ml at device removal (P  < 0 . 1 0 ) .  The 
foll icular status of the cows w ith concentrations of progesterone > 1 ng/ml was 
similar to the cows with progesterone concentrations < 1 ng/ml .  

Earlv-Dioestrous CI DR insertion (E-DCI) Grouo. 

The number of class 1 and 3 fol l icles was maintained thoughout the C IDR  period . 
However, the number of c lass 2 foll icles had i ncreased by TD 3 ( 2 . 2  ± 0 . 9  vs 4.0 
± 0.6, P <  0. 2 1 , Table 1 . 1 ) .  

The ovulatory foll icle w a s  detected i n  one cow when the C IDR w a s  inserted 
(CD 7) ,  and in a second cow on TD 6 .  The 3 remaining cows developed a new 
ovulatory fol l icle after C IDR  removal . The average size of the largest fol l icle at 
C IDR removal was 1 0.4  ± 0 . 3  mm, ·and the post-treatment interval to oestrus 
was 7 .4 days ( ± 2 . 3 ) .  Every cow had at least 5 . 1  days to oestrus after CIDR 
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removal . 

The average number  of fol l icles dur ing C IDR treatment was similar in  c lass 1 
( 1 2 . 3  ± 0 . 6  vs 1 1 .9 ± 0 . 8 ,  respective ly) , and class 2 ( 1 .3 ± 0 . 2  vs 1 .3 ± 0 . 2 ,  
respectively) follicles o n  the ovulatory a nd nonovulatory ovaries. However, the 
average number of class 3 fol l icles on the ovulatory ovary was higher that on the 
nonovulatory ovary ( 1 . 1 ± 0 . 1  vs 0. 7 ± 0 . 1 ,  respectively; P < 0 . 1  0) .  

The average PPC at  TD 0 was 4 . 8  ng/m l ( ± 0. 1 )  (Table 1 .2 ) .  One hour later (TD 
0 + 1 h) the average was 9 . 3  ng/ml ( ± 2 .0) equivalent to an increase of 4 . 5  
ng/ml (Table 1 . 2) .  The average PPC on TD 1 0  was 8 .5  ng/ml ( ± 0 . 1  ) .  The 
average PPC 6 h after device removal (TD 1 0  + 6 h) was 6 .  7 ng/ml ( ± 1 . 1 ) .  

The average cycle length in  C IDR-treated cows was 24.4 ± 2 . 3  days (Table 1 . 3 ) .  
Although the average interval from C I D R  removal t o  oestrus was 7 .4  ± 2 . 3  days, 
and the PPCs 6 h after device removal (TD 1 0  + 6 h) were above 6 ng/ml , 2 out 
of the 5 animals had no class 2 fol l icles at C IDR removal . 

late-Dioestrous CIDR insertion {l-OCI) G rouo. 

Simi lar average numbers of class 1 and 2 fol l icles were maintained thoughout the 
treatment period among cows in  the l-OCI  group (Table 1 . 1 ) .  However, the 
number of foll icles in class 3 had i ncreased sl ightly by TDs 6 and 1 0 , or from the 
time of spontaneous luteolysis. 

The ovulatory foll icle was present as a dominant foll icle in  3 cows at the t ime 
the CIDR was inserted (CD 1 3) .  I n  another cow, the ovulatory fol l ic le was 
detected on TO 6,  and in the remaining cow a new ovulatory foll icle grew 1 day 
after C IDR removal .  The average post-treatment interval to oestrous was 3 days 
( ± 1 .7 ) .  

l-DCI cows having a short i nterval to oestrus ( < 3 days) after C IDR removal had 
a lower average number of class 1 foll icles during the C IDR treatment on the 
ovulatory ovary than cows having a long i nterval to oestrus ( 1 3 . 7 ± 0. 7 vs 1 5 .4 
± 0 . 1 , respectively; P < 0 .05) . No  d ifference in  the average of  class 1 fol l icles 
on the nonovulatory ovary was observed between cows having a short or  long 
interval to oestrus ( 1 3 .7  ± 0 . 7  vs 1 3 . 4  ± 0 .7 ,  1 3 . 8  ± 0.9 ,  respectively ) .  

The average PPC at  CD 1 3  when devices were inserted was 8 . 3  ng/ml ( ± 1 .0 )  
(Table 2) . One hour later at TD 0 + 1 h it was 1 0. 5  ng/ml ( ± 1 .4) . The increase 
in  PPC was 2 . 2  ng/ml.  The average PPC,  on TD 3 was 9 . 9  ng/ml ( ± 0. 1 ) , and 
on TO 1 0  it was 3 .5  ng/ml ( ± 0 . 1 ) . By TD 1 0  + 6 h the average PPC had 
declined to 2 . 6  ng/ml ( ± 1 . 2 ) .  

In  the 3 animals with progesterone concentrations < 1 ng/ml at  TO 1 0, the 
average PPC was 0 .50 ng/ml ,  compa red w ith 5 . 68 ng/ml in  the remaining 2 
animals. 

The average cycle length was 26 .0  ± 1 .  7 days (Table 1 .3) . The average interval 
from CIDR removal to oestrus for cows with PPC < 1 ng/ml was 2.0 days, 
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compared with 4 . 5  ± 2. 1 days i n  cows with progesterone concentrations 
> 1 ng/ml .  Also, the cows with concentrations of progesterone > 1 ng/ml had the 
highest number of class 2 foll icles at C IOR remova l ,  compared with cows with 
progesterone concentrations < 1 ng/ml .  

Plasma profi les of LH for  3 cows are presented in  Fig. 1 . 5. 1 . 6. and 1 .  7 .  These 
cows had the highest concentrations of LH at the f irst sampl ing, and then the 
concentrations decl ined within 6 to 1 2 h until the values were less than the 
detectable l imit of the assay. 

late-Dioestrous + PGF during CIDR insertion (l-OCI + PGFI G rouo. 

The number of class 1 and 2 follicles was maintained thoughout the treatment 
period in cows in the L-OCI + PGF group (Table 1 . 1 ) .  The number of fol l icles in 
class 3 was slightly affected by the presence of a CL. The ovulatory fol l icle was 
detected in 2 cows when the C IOR was inserted ( C D  1 3) .  In another 2 cows it 
was detected on TO 3 or TO 6. In  the remaining cow, the ovulatory fol l icle was 
detected 1 day after C I O R  removal .  The average i nterval to oestrus was 3.0 days 
( ± 1 .8 ) .  

No  differences were observed between cows having a short o r  long interval to  
oestrus after C I O R  removal on  either the ovulatory or the nonovulatory ovary in  
class 1 o r  2 fol l icles during the C IOR treatment. The difference in the average 
number of class 3 foll icle on the ovulatory ovary was c lose to statistical 
significance for cows having a short or long i nterval to oestrus ( 1 .05  ± 0 . 1 vs 
0 . 6  ± 0 .2 ,  respectively; P < 0 . 1 0) .  

The average PPC at C D  1 3  before CIOR insert ion was 1 0.3  ng/ml ( ± 1 . 3) (� 
1 . 2) .  By TO 0 + 1 h ,  it was 1 1 .9 ng/ml ( ± 0 . 1 )  representing an increase of 1 .7 
ng/ml .  One day after injecting PGF, the average PPC was 4.9 ng/ml ( ± 
0. 1 ) (Table 1 . 2 ) .  The average PPC on TO 1 0  was 2 . 0  ng/ml ( ± 0 . 1 ) ,  but only 
declined to 1 .8 ng/ml  ( ± 0. 1 )  by TO 1 0  + 6 h (Table 1 . 2) .  

The average i nterval from CIOR removal to oestrus for cows with PPCs which 
averaged 1 .8 ng/ml was 1 .  7 ± 0.6 days, compared with 5 days among cows 
with plasma progesterone concentrations of 2 . 2  ng/ml (P < 0 .0 1 ) .  No d ifferences 
were found in fol l ic le c lasses and ovulatory and nonovulatory ovaries between 
cows with d ifferent intervals to oestrus. The average cycle length in  Cl  OR-treated 
cows was 25 .5  ± 1 .9 days (Table 1 .3) . 

Corpus luteum Effects on Follicular Diameter and Number of Follicles. 

In the L-OCI + PGF group, cows were injected with PGF 2 days after C IOR  
insertion. This injection induced luteolysis of  the existing CL and  was  confirmed 
by ultrasonography in all cows during the C I O R  treatment. However, some 
remnants of luteal tissue were observed by ultrasonography at the next scanning 
(TD 6)  in  all cows. 

In the L-OCI group, the number of class 3 foll icles was higher in  the presence 
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of a CL,  but the difference d id  n ot reach quite statistical significance ( P  < 0 .  1 0 ) .  
There was an increase in  the number of  class 3 foll icles at C IDR  removal for cows 
having a CL. However, this increase was not observed in  cows which did not 
have a CL  (Table 1 .4) .  

The average d iameter of the largest fol l icle at C IDR removal in  cows having a 
CL was different to the largest fol l ic le at the same time for cows w ithout a C L  ( 
1 2 . 7  ± 0 .8  vs 1 5 . 2  ± 0 .8  m m  respectively, P < 0.05 , Table 1 .5) . 

The average size of the largest foll icle d id not change thoughout the C IDR  
treatment in cows having a C L ,  neither did it increase among cows in the L-DC I  
+ PGF group until after they  were injected with PGF. Then the diameter 
increased markedly until the day of C IDR removal,  ( Fig. 1 .8) . 

Average PPCs for cows which had or did not have a CL is presented in Table 1 . 6 .  
The L-DCI group had higher PPCs than the L-DCI-PGF g roup from the day 
fol lowing PGF injection (9 .9 ± 0 . 1 vs 4 . 9 ± 0. 1 ng/ml ,  respectively; P < 0 . 0 1  ) .  
The CIDR maintained PPCs a bove 2ng/ml for the 1 0-day treatment period in  the 
group without a CL. 

Oestrous Cycle and Follicular  Status. 

The average number of class 1 fol l ic les was similar during the C IDR  treatment 
period among cows at the sam e  stage of the oestrous cycle .  In  the pro-oestrous 
group (PCI )  there were 20.4 ± 1 . 1 at C IDR insertion compared to 29 .9  ± 2 . 9  
foll icles i n  the metoestrous group (MCI ; Table 1 . 1 ) .  At C IDR removal the pro­
oestrous treatment group had 24.0 ± 1 .4 vs 33.8 ± 2 . 2  foll icles for the 
metoestrous treatment group. 

The E-DCI group had 20.8 ± 1 .9 at CIDR insertion compared with 29.4 ± 2 . 9  
foll icles in  the metoestrous grou p .  A t  C I D R  removal ,  the early dioestrous group 
had 24.0 ± 1 .2  vs 33.8 ± 2 . 2  fol l ic les in the metoestrous g roup (Table 1 . 1 ) .  
There were significant differences (P  < 0.05)  between some stages of the 
oestrous cycle (Table 1 .  7 ) .  

Interactions between Follicle Classes and Interval to Oestrus. 

A maximum of 2 5  post-treatment oestrous events was possible i nvolving the 
same 5 cows treated 5 times at  selected stages of the oestrous cycle, fol lowing 
the treatment sequence as described i n  F ig. 1 .4.  There were 60% within the first 
three days after CIDR remova l ,  and the mean interval was 2 . 1 ± 0 . 5  days (� 
il). 

The average numbers of  class 1 ( < 6 mm)  to  3 ( > 9 mm) foll icles, for cows having 
a short ( 1  to 3 days) or long (4 to 9 days) interval to oestrus from CIDR removal 
are presented in Table 1 .9. The a verage number of class 2 ( 6  to 9 mm)  foll ic les 
present at CIDR removal was d i fferent among groups (P < 0.05 ) .  The number of 
class 2 follicles was increased with a l onger interval to oestrus after CIDR removal 
(3.0 vs 2 .0  c lass 2 foll icles/an imal ) . Numbers of class 1 and 3 foll icles were not 
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significantly d ifferent after C IDR rem oval .  Also, there were no significant 
d i fferences in the total average numbers of foll icles for cows having a short or 
long interval to oestrus (35 . 8  vs 38 . 4  fol l icles/animal, respectively) .  

I nteractions between Follicle Class. Ovary and Interval to Oestrus. 

The average numbers of fol l icles in each class during the C I D R  treatment period 
for the ovulatory and nonovulatory ovary are presented in Table 1 . 1 0. There was 
an interaction between the i nterval to oestrus, follicle class and ovary in the 
average number of class 1 and 3 fol l icles. For c lass 2 fol l icles, the average 
number was similar during the treatment per iod (0 . 9  ± 0. 1 vs 1 . 1 ± 0. 1 on both 
ovaries, respectively). Cows having a short interval to oestrus had a higher 
average number of class 3 foll icles on the ovulatory ovary than on the 
nonovulatory ovary ( 1 .0 ± 0 . 1 vs 0. 7 ± 0 . 1 ,  respectively; P < 0 .00 1 ), and 
fewer class 1 follicles on the ovulatory ovary compared with the nonovulatory 
ovary during C IDR treatment ( 1 2 .0  ± 0 .4  vs 1 4. 2  ± 0 . 5 ,  respectively; P 
< 0 .05 ) .  Cows with a short post-treatment interval to oestrus also had fewer 
class 1 foll icles on the ovulatory ovary than cows with a long interval to oestrus 
( 1 2 .0  ± 0.4 vs 1 4 . 6  ± 0 .6 ,  respectively; P < 0 . 0 1  ) .  

Cows with a long interval t o  oestrus after C IDR removal had a higher average 
number of class 3 follicles on the ovulatory ovary than on the nonovulatory ovary 
(0 .9  ± 0. 1 vs 0. 7 ± 0 . 1 ,  respectively; P < 0 .05 ) .  

There were no  significant d ifferences in  the average number of  class 1 ( 1 4. 6  
± 0 . 6  vs 1 3 .2  ± 0 . 6 ,  respectively) and 2 ( 1 . 2  ± 0 . 1 vs 1 . 2 ± 0 . 1 , respectively) 
fol l icles on the ovulatory and nonovulatory ovary. Moreover ,  no d ifferences were 
found in the total average number of fol l icles in the various c lasses either on the 
ovulatory or the nonovulatory ovary, or for cows with a short or long post­
treatment intervals to oestrus after C I D R  removal . 

The size of the largest foll icle at C IDR removal in  cows having a short interval to 
oestrus was simi lar to that in  cows having a l ong interval to oestrus. The mean 
diameter and ( ± SEM) for cows with a short interval to oestrus was 1 4. 5  ± 0 .8  
m m  vs 1 2 .4 ± 0 .9  mm (P = 0 . 1 3; Table 1 . 1 1  ) .  

The average interval from C I D R  i nsert ion t o  detection of the ovulatory foll icle was 
2 . 0  days ± 1 .8 for the 1 4  cows having a short interval to oestrus. Another cow 
with a short interval to oestrus developed a new foll icle during the 1 0 days of the 
C I D R  treatment period . There were 5 cows cycles where the ovulatory follicle 
developed during CIDR treatment and they had a l ong interval to oestrus (3 .0 ± 
1 . 8 days) . The 5 cases where cows developed the ovulatory foll icle after CIDR 
rem oval a lso produced long interval to oestrus. 

On the 1 5  occassions when there was a short intervals to oestrus after C IDR 
removal ,  there were fewer foll icular waves during the CIDR period than during the 
1 0  occassions when there was a long interval to oestrus ( 1 .  7 ± 0. 1 vs 2 .3  ± 
0.3 ;  P < 0.05; Table 1 . 1 2) .  
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Normally Cycling (NCl G rouo. 

A class 3 fol l icle was found in one of the ovaries of each of the 5 cows in the NC 
group at  CD -2 ( pro-oestrus ) ,  as well as a class 2 foll icle in 4 of  the animals.  

An ovulatory class 3 fol l ic le was found as expected at oestrus i n  each of the 
cows. At CD 3,  a class 3 foll icle was found in 3 cows, but all the cows had also 
at least one class 2 fol l ic le.  

All the cows had at least one class 3 fol l ic le at C D  7, and 3 cows also had a 
class 2 fol l ic le.  At CD 1 3 , al l  the cows had at least one class 2 and class 3 
fol l icle. 

Average PPCs on selected days during one oestrous cycle in NC group is 
presented in  Table 1 . 1 3 . The length of the oestrous cycle in the NC group was 
2 1 .4 days ( ±  2 . 1 ;  Table 1 . 3 ) .  

Ovariectomized (QVXl G roup. 

The average PPCs before C IDR insertion in the 3 ovariectomized cows was 0 .45 
ng/ml ( ± 0 . 23) .  

Post C IDR treatment concentrations at  6 h and 24 h after device removal were 
0.46 ( ± 0 . 23) ,  and 0 . 3 1  ( ± 0 .  1 6) ng/ml respectively. 

The average PPCs increased to 6 . 6  ng/ml ( ± 1 .0 ) ,  at 1 h after C I D R  insertion, 
then declined to 4.2 ng/m l ( ± 0. 7 )  by TD 3. By TD 1 0 , just before C I DR removal ,  
the average PPCs in  these 3 ovx cows was 1 .  7 ng/ml ( ± 0.4) ,  ( Fig. 1 .9) . 

PPCs in i ndividual animals over the 3 days of sampling during C I D R  treatment 
ranged from 4 . 6 ,  7 .3  and 7 . 8  ng/ml at 1 h after C IDR insertion to 3 . 3 ,  3 . 6  to 5 .  7 
ng/ml at TD 3 ,  and they varied from 1 .0 ,  1 . 6 to 2 .3  ng/ml , respectively at C IDR 
removal.  

Individual Animal Variation. 

The among animal variation in fol l icles, cycle length and progesterone profiles was 
considered d uring the experiment.  N one of the animals had c onsistently more 
class 1 ,  2 or 3 foll icles, l ow or high levels of progesterone, or short or long length 
cycles. 

Validation of the Ultrasound Data. 

There were 1 60 foll icles identified by ultrasound in the 3 pai rs of ovaries, and 1 5 7  
were correctly located ( 98 . 1  % ) .  Three small foll icles of 2 mm were missed .  

The correlation coefficient between the ultrasound diameter, and the cal l iper 
measurements of foll icle d iameter on the video screen was r = 0 . 8 6 ,  and the 



equation describing their relationship was: 
Diameter = Diameter cal l ipe r  1 . 259  + 1 .054 mm 

se = 0 .04 1 

4 2  
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DISCUSSION 

Oestrous Cycle and Follicular Status. 

This experiment involved the study of dynamic changes in the number and size 
of fol l icles in the ovaries, as measured by ultrasonography at the d ifferent stages 
of the oestrous cycle after CIDR insertion. However, it  has been observed that 
fol l icular dynamics during the oestrous cycle of the majority of cows is 
characterized by the growth of 2 or 3 dominant fol l icles, producing fol l icle waves 
at specific times of the cycle ( I reland and Roche, 1 9 87 ;  Savio et a l . ,  1 988;  Sirois 
and Fortune, 1 988,  1 990) .  

The average number of  class 1 fol l icles d id  not d iffer during the period of  C IDR 
treatment among cows which were at the same stage of  the oestrous cycle.  
However, there was a significant difference between cycle stages, especial ly 
during the periovulatory period . In this study, the number of ultrasonical ly  
detectable class 1 fol l icles decreased during the pre-ovulatory period and 
increased during the post-ovulatory period (Table 1 .  7 ) .  These results are 
consistent with the find ing in a previous report which suggested that the number 
of antral foll icles is not constant thoughout the oestrous cycle (Pierson and 
Ginther,  1 984) . 

Corpus Luteum Effects on Follicular Diameter and Number of Follicles. 

When cows were in  d ioestrus at device insertion, and then were injected with 
PGF 2 days later (day + 1 5  of the oestrous cycle) ,  progesterone concentrations 
declined significantly w ithin 24 h after injection because the luteolytic action of 
PGF in cattle. In these animals, the progesterone from the CIDR device 
maintained levels of nearly 2ng/ml at TD 1 0  (Table 1 .6) . 

The fol l icular population in  the ovaries was altered by the presence or absence of 
the CL.  The number of large foll icles in  the ovaries of cows not having a CL at  
C IDR rem oval d id  not i ncrease, but the size of the largest foll icle was higher than 
in cows with a CL. I n  the former case, the size of the largest fol l icle increased 
uniformly thoughout the period of C IDR treatment (Fig. 1 .8) . The progesterone 
released by the CIDR appeared to enhance the development and maintenance of 
a dominant foll icle. The number of medium (class) follicles in cows which did not 
have a C L  did not vary during the period of C IDR i nsertion. This was in contrast 
to trends observed by Lucy et a l .  ( 1 990) .  This could have been due to the short 
time of exposure to the progesterone from the C I D R ,  as the CL disappeared only 
8 days before the C IDR was removed. 

Those cows which had a CL,  maintained the same number of medium follicles 
during treatment, but the number of large foll icles increased from the time the 
C IDR was removed . A previous report related this f inding to typical wave-l ike 
patterns of foll icular g rowth during the oestrous cycle in  the presence of a CL  
(Lucy et  a l . ,  1 990) . 



44 

Follicle Class. Ovary and I nterva l  to Oestrus. 

Most cows (60%) came into oestrus within three days of C IDR rem oval ,  with an 
average interval of 2 . 1 3  ± 0 . 5 1 days (Table 1 .8) . Cows having a short interval 
to oestrus had a lower number of medium sized (class 2) fol l icles on the day of 
C IDR  removal . The numbers of small and large foll icles were simi lar,  but there 
was a tendency in cows with the shortest intervals to oestrus to have fewer class 
1 a nd more class 3 fol l icles. This tendency was observed also between stages 
of the oestrous cycle; especial ly in  the pro-oestrous group in  which al l  the cows 
had short post-treatment intervals to oestrus, and in the early dioestrous group 
in which all the cows had long intervals to oestrus (Table 1 . 8 ) .  

This result i s  similar t o  f indings i n  a previous report (lucy et a l . ,  1 990) ,  in 
which it was suggested that cows with short intervals to oestrus had an active 
fol l icle present on the ovary at the time of C IDR removal ,  which prevented the 
growth of smaller foll icles. With the removal of the exogenous progesterone , 
there is  a reduced interval to oestrus and ovulation. However,  cows having a long 
interval to oestrus had a greater number of medium foll icles, suggesting that 
fol l icular dominance was not establ ished at the time of C IDR removal ,  or that the 
large foll icles present on the ovaries were not physiological ly active. 

Moreover,  cows having shorter intervals to oestrus clearly had a larger number 
of large foll icles and fewer smal l  follicles on the ovulatory ovary, com pared with 
the nonovulatory ovary. These cows had fewer small fol l icles on the ovulatory 
ovary than cows with long intervals to oestrus. However, cows having a long 
interval to oestrus after C I D R  removal also had more large foll icles on the 
ovulatory ovary than on the nonovulatory ovary (Table 1 . 1  0 ) .  These results could 
be associated with the physiological  events involving foll icular dominance ( I reland 
and Roche, 1 987 ) .  

Although cows having short intervals to oestrus after C IDR  removal at 
different stages of the oestrous cycle had some differences, the tendency 
confirmed the interaction between interval to oestrus, class of fol l icle, and CL 
status of the ovary. The interval to oestrus was longer in animals having more 
class 2 foll icles on the day of C I D R  removal, and with a smaller number of class 
3 foll icles on the ovulatory ovary compared with the nonovulatory ovary. 

Most cows which ovulated soon after the C IDR was removed had a large foll icle 
which developed or was maintained from early in  the C IDR treatm ent period . 
Cows with longer post-treatment intervals to oestrus had m ore fol l icular waves 
during C IDR treatment, and the ovulatory foll icle was detected later during C IDR 
treatment or  during the post-C IDR per iod (Table 1 . 1 2) .  I n  these latter cows, the 
side of foll icular dominance changed after C IDR removal .  This sequence was also 
observed by Lucy et al. ( 1 990) .  

Reduced ferti l ity has been reported after some short or  long-term treatments using 
progesterone or potent analogues. Present results show that Cl OR-treated cows 
can ovulate and develop a normal corpus luteum, which is s imi lar to f ind ings in 
a previous report using a 9 day Norgestomet implant w ith a luteolyt

"
ic PGF 

injection a day before implant removal (Rajamahendran et a l . ,  1 98 9 ) .  
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Although normal fertil ity may not be simply a function of the a bi l ity of the 
foll icle to ovulate and form a corpus luteum,  Lucy et al . ( 1 9 90) speculated that 
foll icles ovulating after short periods of g rowth have greater ferti l i ty than those 
which have been statica l ly  maintained . The current results do not c oincide with 
those of others who found ovarian fol l icular cysts after progestagen treatment in 
cycling animals (Trimberger and Hanse l ,  1 9 5 5 ;  Zimbelman, 1 963) .  Present results 
confirm that foll icles c;levelop, persist and are capable of ovulating after 1 0 days 
of exposure to progesterone . Although the cows had devices inserted at d i fferent 
stages of the oestrous cycle, most of them (72%) showed simi lar patterns of 
foll icular dominance. O nly 28 % of them developed a new fol l icle after C IDR  
removal .  

With the exception of  the early d ioestrous g roup, where the interval from C IDR  
removal to  oestrus was l onger and without synchrony, insertion a t  other stages 
produced good synchrony within a 3-day period . This does not necessari ly  imply 
good ferti lity. 

Several reports show contradictory findings as to whether ferti l ity is normal 
or decreased after programmes for synchronization of oestrus, using various 
progestagens either alone or in combi nation w ith luteolytic agents ( prostaglandin 
or its analogues and oestrogen) (Hansel et al . ,  1 9 66; Roche, 1 974a , 1 9 74b; 
Thimonier et al . ,  1 9 7 5 ;  Smith et a l . ,  1 984; Patterson et al . ,  1 98 9 ;  Van Cleeff et 
al . ,  1 990; Chenault et al . ,  1 990) .  Other reports have postulated possible 
explanations associated with reduced ferti l ity (Chenault et a l . ,  1 990; Odde, 
1 990), although there is no definitive explanation for the mechanism responsible 
for reduced fertil ity fol lowing progestagen treatment. The fol lowing is offered as 
a possible explanation: The precision i n  synchrony increases with treatment 
duration when using progestagen.  H owever, as Pearce et a l . ,  1 990 found , as 
treatment duration increased, the conception rate decreased from 64% to 3 7 % .  
Decreased ferti l ity was observed when treatment was initiated late ( ;'2::: day 1 2)  
in the oestrous cycle ( Patterson et a l . ,  1 9 8 9 ) .  Progestagen exposure art if ic ial ly 
prolongs d ioestrus unti l  administration is ended. lt would suggest that 
metoestrous animals are l i kely to have the highest fertility because those fol l icles 
ovulate after short periods of growth than those which have been statical ly 
maintained as in cows undergoing luteolysis, or in pro-oestrus at the t ime of 
progestagen treatment. From the result of this study, during treatment a 
dominant foll icle is  maintained , suppressing  the follicular patterns and resulting in  
persistent foll icles. Therefore, it is  logical to  think that th is  situat ion would 
produce aged ova . 

Plasma Progesterone Profiles. 

The daily average PPCs in  the 3 ovariectomized C IDR-treated cows varied from 
6.6 to 1 .  7 ng/ml .  There was a decl ine of 2 .4 ng/ml over a 3 day period after 
insertion, and then a decline of 2 . 2  ng/ml over the next 7 days. 

The increased PPCs on the fi rst sam pl ing were less than those obtained within 
6 h of C IDR insertion in heifers treated with a new intravaginal device by 
Macmil lan et a l .  ( 1 990c) .  Munro ( 1 9 8 7 ) ,  who used CIDR's in ovariectomized 
Africander cross cows aged between 3 and 6 years, had even higher levels. 
Munro et al. ( 1 986) also found that PPCs in ovariectomized Hereford heifers were 
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higher 1 day after PRI D  insertion than in  the present trial with C IDR devices. 

Mean concentrations of plasma progesterone prior to treatment and after a 
treatment period were a l l  less than 0 .5  ng/ml and not significantly d ifferent (� 
1 . 2) .  The concentrations of progesterone on the f inal day of treatment were also 
lower in this trial com pared with results publ i shed by Munro ( 1 9 8 7 ) .  

These d ifferences may be due t o  the breed o r  size of animal ,  but must also 
take into account individual animal variation (Peterson and Henderson, 1 990).  
This has been confirmed by Peterson ( 1 990) ,  as each ovariectomized cow had its 
own unique PPC profi le .  For example, PPCs ( ng/ml ;  ± SD) on day 1 1  from C IDR 
insertion were between 1 . 9 ± 0 .  7 and 5 .  7 ± 2 . 0 ng/ml (Peterson and Henderson, 
1 990) . 

Changes in  average PPCs 1 h after C I DR insertion differed between 
ovariectomized and cycl ing animals. Also, the change varied in the same animals 
treated at different stages of their cycles. The average increase from day 0 
(before C IDR insertion) to TD 0 + 1 h was 6 . 2  ng/ml for ovariectomized cows, 2.4 
ng/ml with the pro-oestrous insertion group, no d ifference in  the metoestrous 
group, 4 .5  for the early d ioestrous group,  and 2 . 2  and 1 .6 ng/ml in the L-DCI  and 
L-DCI + PGF groups, respectively (Table 1 . 2 ) .  The incremental increase in PPCs 
after device insertion was least than 2 . 5  ng/ml in each group of cycl ing cows, 
except for early dioestrous group where it was 4 .5  ng/ml .  Overa l l ,  cycling cows 
had an average PPC increase of 2. 1 ng/ml compared with 6 . 2  ng/ml in the 
ovariectomized cows ( P < 0.01  ) .  

Although the average increase in the ovariectomized cows ( 6  ng/m l)  was 
similar to that reported by Macmi llan et a l .  ( 1 9 90c) ,  this trial had a l ower level of 
increase for progesterone in cycling cows. This is l ikely due to the wide range of 
groups involved in the present exper iment . 

The rate of decl ine in PPCs was h igher during C IDR  treatment in 
ovariectomized cows. However,  the same cycl ing cows in d ifferent stages of the 
oestrous cycle did have different rates of decl ine in PPCs, depending on the stage 
of the oestrous cycle at device insertion. 

The average PPCs in C IDR  treated cows before device insertion were simi lar to 
the concentrations of progesterone from untreated NC cows for the same day of 
the oestrous cycle; C I DR-treated cows had concentrations of progesterone 
averaging < 0 . 1  on TD -2,  2 .3  on TD 3 ,  4 .8  on TD 7 and 8 . 3  a nd 1 0 . 3  ng/ml on 
TD's 1 3  of the cycle compared with 0 .07 on CD -2 ,  1 .8 on CD 3, 4 .6  on CD 7 
and 7 .4 ng/ml on CD 1 3  of the cycle for untreated normally cycling cows (� 
1 . 1 4) .  

C IDR insertion during metoestrus appeared t o  compromise normal luteal 
function. Although an increase in PPC was not observed 1 h after device 
insertion, the insertion of the device sti l l  prevented a decline in average PPCs over 
the treatment period . NC cows increased average PPCs from 1 .8 ng/ml  at CD 3 
to 7 .4  ng/ml on CD 1 3 . In MCI , the average PPC on TD 1 0  (and its equivalent in 
the control group on CD 1 3) was 5 .0 vs 7 .4 ng/ml,  respectively ( P >  0 . 1 0) .  PPCs 
increased by 3 . 1  ng/ml over the treatment per iod in the MCI group. This d iffered 
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to the increase over the same period of time in the N C  group which averaged 5 . 2  
ng/ml  ( P <  0.05;  Tables 1 . 2 and 1 . 1 3) .  

C IDR insertion during early d ioestrus or proestrus (E-DCI a nd PCI )  also resulted 
in a minimal decline in average PPCs for the treatment per iod ,  but in the E-DCI 
group, normal luteal function was not compromised . In  this latter group, average 
PPCs increased from 4 .8  ng/ml at C IDR insertion to 9.3 ng/ml 1 h after C IDR 
insertion with no  fol lowing decline over the ensuing 10  day period . At  C IDR 
removal ,  there were 3 out of 5 cows in the MCI  group , which had PPCs of  
around 2 ng/ml .  This was s imi lar to  the averages at  TD 1 0  in ovariectomized , 
pro-oestrous and dioestrous PGF treated groups (Table 1 5 ) .  This suggests that 
premature luteolysis occurred d uring treatment in these 3 a nimals. 

Average PPCs in both of the d ioestrous groups (l-DCI  and L-DCI + PGF) 
increased similarly by 2 . 1 and 1 .  7 ng/ml within 1 h of device insertion. In  the 
dioestrous group without PGF,  the PPCs then decl ined steadi l ly over a 1 0  day­
peri od (Ta ble 1 . 2) .  

I n  general ,  the progesterone released from the C IDR during the luteal phase 
had an additive effect on the PPCs of the cows and did not compromise 
end ogenous progesterone production. A similar result was reported by Macmi l lan 
et a l . ( 1 9 90c) . 

Plasma LH Profiles. 

The samples obtained for the LH assays should have been col lected from the time 
of C IDR removal rather than from the commencement of oestrus. The delay in 
the commencement of i ntensive sampling meant that the mean concentration of 
LH in plasma was higher due to the initiation of the periovulatory surge which 
occurred near the onset of behavioral oestrus. These data showed the highest 
concentrations of LH were at the fi rst sampling when the animals were observed 
in oestrus. This could help to study the associations of levels of progesterone, 
and its effects on the reproductive endocrine system in cattle. 

Progesterone and Oestrous Cycl e  Length. 

The average cycle length was s ignificantly reduced (P< 0.0 1 )  in the MCI group 
which had CIDR's inserted on CD 3 ( 1 6 .6 ± 1 . 5 vs 2 1 .4 ± 2 . 1  days; Table 1 .3) . 
Short cycles have been reported in  experiments in which heifers and cows have 
had a CIDR or PRID inserted during metoestrus, with or without an i njection of 
PGF (Woody et a l . ,  1 967 ;  Ginther, 1 970; Folman et a l . ,  1 984; Battista et a l . ,  
1 984; Macmillan et a l . ,  1 98 9 ) .  In animals that are treated with progesterone 
during metoestrus, the patterns of follicular waves may not a lter, but it appears 
l ikely that the progesterone potentiates the premature release of PGF from the 
uterus by the first fol l icular wave (Ottobre et al . ,  1 980) .  The average cycle length 
for groups which were C IDR-treated during dioestrous ( E-DCI; L-OCI and L­
OCI + PGF),  did not differ between groups, but the L-OCI and L-DCI + PGF groups 
were significantly d ifferent from the untreated control group. CIDR-treated cows 
had cycle lengths averaging 24.4 ± 2.3, 26.0 ± 1 .  7,  2 5 . 5  ± 1 .9 days 
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respectively, compared with 2 1 .4 ± 2 . 1 days for the control group (Table 1 .3) . 

The results of this study suggest that the interval from the end of treatment 
to oestrus is influenced by the fol l icular population both at the day of device 
insertion, and also at the time of device remova l .  Excluding the PCI group,  the 
synchrony in oestrus among c ows treated with a C IDR device was not precise. 
In the 1 0  intervals to oestrus > 3 days (Ta ble 1 .8) , most were from C IDR-treated 
cows in early dioestrus; the fol l icles in c ows with a CL, increased the number of 
medium foll icles by TD 3. During the last 7 days this number was maintained , but 
the large fol l icles increased in number from the time the CIDR device was 
removed . In animals without a CL,  the number of large and medium foll icles did 
not increase, but the size of the largest foll icle was g reater than in cows with a 
CL.  Moreover, the size of the largest fol l icle increased throughout the period of 
C IDR treatment. Another study has shown that the oestrous response for treated 
cows with 1 0  day-CIDR + PGF at removal  were more concentrated into 42 to 93 
h,  while cows treated with PGF 1 0  days apart were in oestrus in 30 to 1 07 h 
(Dick, 1 990) .  This lack of precision may indicate that the cows were not at a 
similar stage of the foll icular wave at C IDR removal even in  the presence or 
a bsence of a CL,  or at the time of treatment with PGF. 

Validation of the Ultrasound Data. 

The corre lation coeffic ient (r = 0 . 8 6) between the ultrasound diameter and the 
cal l iper measurements of fol l icle diameter was similar to the correlation between 
the follicle volume calculated from the diameter measured by ultrasound and the 
aspirated volume, which was reported by Macmillan and Thatcher ( 1 990a) .  Savio 
et a l .  ( 1 988)  also reported a similar c orre lation for ultrasound and cal l i per 
measurements of foll icle diameter. Final ly, Spicer and Echternkamp ( 1 986 )  c ited 
studies which reported similar results for the correlation between fluid volume and 
cal l iper measurements of foll icle d iameter. 
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CONCLUSIONS 

This study showed that i nserting a CIDR device into cows at d ifferent stages of 
the oestrous cycle a lters the average increase and rates of decl ine in PPCs 
depending on the stage of the oestrous cycle at device  i nsert ion, and/or the type 
of animal (cycl ing or ovariectomized) .  The fol l icular population in the ovaries was 
also a ltered directly or ind i rectly by the progesterone released from the C IDR,  
which appeared to enhance the development and maintenance of  a dominant 
fol l icle, depending in  part on the presence or absence of a C L .  Therefore, there 
were significant interactions between treatments in it iated at different stages of 
the cycle, and the interval  to oestrus, number of fol l icles in each c lass and CL 
status of the ovary. 

These interactions produced variation in the post-treatment interval to oestrus, 
and thus affected precision in synchrony . If synchrony is to be improved then 
fol l ic le wave patterns wi l l  also need to be synchronized . This should a l low normal 
ferti l ity to be obtained because the present way of o btaining precise synchrony 
is by suppressing the fol l ic le wave patterns resulting in persistent fol l icles which 
in some animals may produce reduced ferti l ity. Moreover ,  to ensure a precise 
synchrony, it must also take into account that the m ost common problem in 
breeding management in dairy herds has been and wi l l  continue to be : oestrus 
detection. S imple techniques involving the use of ta i lpaint (a ppl ied when 
treatment is initiated ) ,  and an aerosol raddle (a pplied at the end of a 
synchronization treatment) have reduced the occurrence of this problem in 
seasonal dairy herds.  
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Fig. 1 .4 Timetable of experimental protocol 

Pre-synchronization with CI DR-B + PG F 

Pro-oestrous group 

(CD -2) 1 3 6 1 0  

C IDR C IDR Oestrus 
I N  O UT 

Late Dioestrous group 

(CD 1 3 ) 3 6 1 0  

C IDR CIDR Oestrus 
I N  OUT 

Late D ioestrous + PGF group 

(CD 1 3) 3 6 1 0  

C IDR C IDR Oestrus 
I N  OUT 

Early Dioestrous group 

(CD 7) 1 3 6 1 0  

C IDR CIDR Oestrus 
I N  O UT 

Normal ly Cycling Control group (NC)  

Oestrus 2 4 6 Oestrus 

Metoestrous group 

(CD 3) 1 3 6 1 0  

CIDR CIDR Oestrus 
I N  OUT 

Then, 
a )  Val idation of Ultrasound Data . 
b) Period of Sampling with OVX Cows. 

( I =  Day of the oestrous cycle for C I DR-8 insertion .  

Oestrus = Day 0 o f  the cycle. 

OVX = Ovariectomized cows 
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Table 1 . 1 

Day 

0 

1 

3 

6 

1 0  

Average number of follicles in each class (class 1 ,  < 6 mm; class 2 ,  6-9 mm and class 3 ,  > 9 
mm) for cows at different stages of the oestrous cycle during the CIDR-B treatment period. 

PCI MCI E-DCI L-OCI 
C lass Mean (SE) Mean (SE) Mean (SE) Mean (SE)  

1 20.4 ( 1 . 1 ) 29.9 (2 .9)  20.8 ( 1 .9 )  24.8 ( 1 . 1 )  
2 2 . 5  (0 .6)  3 .4 (0.4) 2 .2  (0 .9)  1 .8 (0 . 6) 
3 1 . 2 (0 .2 )  2 .0 (0.3) 2 .0  (0.4) 1 . 6 (0.2 )  

1 3 1 . 8  (2 .8 )  2 1 . 6 ( 1 .0) 26.8 ( 1 . 1 )  
2 3.4 (0.8 )  2 .2  (0 .2) 2 .0 (0. 5) 
3 1 .6 (0 . 2) 1 .6 (0 .2) 1 . 6 (0 . 2) 

1 24.4 ( 1 . 5 )  30 . 1  (2 .3)  23.4 ( 1 .3) 27 .2  (2.0) 
2 2 .0  (0. 5 )  2 .2  (0.3) 4.4 (0 .5 )  1 .8 (0 .4) 
3 1 .2 (0 .2 )  2 .2  (0.3) 1 . 6 (0.4) 1 . 6 (0.2) 

1 29.8 (2 .2) 23.4 (2.4)  25.0 (0.8)  
2 2 .5  (0.2)  3.5 ( 1 .0) 3 .4 (0 .8 )  
3 1 .4 (0 . 2) 1 . 8 (0 .6)  2 .4  (0.4) 

1 24.0 ( 1 .4) 33.8 (2 .2) 24.0 ( 1 . 2) 27 .8 ( 1 .9 )  
2 1 . 5 (0 .3 )  3.0 (0.3) 4 .0 (0 .6)  1 .8 (0.4) 
3 1 .4 (0.4) 1 .8 (0 . 2) 1 .4 (0 .2) 2 .4 (0.4) 

PC I - Pro-oestrus; MCI  "' Metoestrus; E-DC I - Early Dioestrus; L-OCI = Late Dioestrus; L-OC I + PGF = Late Dioestrus + PGF 

L-DCI + PGF 
Mean (SE)  

26.6 ( 1 . 2) 
1 .8 (0.4) 
1 . 2 (0 .2 )  

28 .0 ( 1 .2 )  
1 .8 (0.4) 
1 .4 (0.2)  

29.0 ( 1 . 5 )  
2 . 5  (0.5 )  
1 .8 (0.4) 

27 .7  ( 1 . 1 )  
3 .3 (0.3) 
1 .  7 (0.2)  

26.0 ( 1 .4) 
2.0 (0 .5 )  
1 .4 (0 . 2) 

V'l 
0' 



Table 1.2 

Groups 

ovx 

PCI 

MCI 

E-DCI 

L-OCI 

L-OCI + 
PGF 

Average plasma progesterone concentrations (PPC(Mean (SEMI :  ng/ml] )  at the time of CIDR insertion (TO 0)  
and at  selected Intervals during treatment (ID 0 + 1 h ,  TO 3 ,  TO 1 0) and ID 10 + 6 h) in  ovariectomized (OVX) 
and cycling cows. 

Day of 
Cycle 

-

-2 

3 

7 

1 3  

1 3  

TO O 

0 .4  
(0 . 2) 

< 0. 1  

2 .3  
(0. 1 )  

4 .8  
(0. 1 )  

8 . 3  
( 1 .0)  

1 0 .3  
( 1 .3 )  

TO 0 + 1 h 

6 .6  
( 1 .0)  

2 . 5  
(0.0 1 ) 

2 .0 
(0.0 1 )  

9 . 3  
(2.0)  

1 0 . 5  
( 1 .4) 

1 1 .9 
(0. 1 )  

TO 3 TD 1 0  TD 1 0  + 6  h 

4.2  1 .  7 0 .4  
(0. 7 )  (0.4) (0.2)  

- 2.3 < 0. 1  
(0 . 1 )  ( < 0 . 1 )  

- 5 .0 3 . 5  
( 1  .8 )  ( 1 .8 )  

- 8 . 5  6 .7  
(0. 1 )  ( 1 . 1 )  

9 .9  3 . 5  2 . 6  
(0. 1 )  (0. 1 )  ( 1 .2)  

4.9 2.0 1 .8 
(0 . 1 )  (0. 1 )  (0. 1 )  

a •  Day of the oestrous cycle at C I DR insertion (oestrus = day 0) 

b• Injected with 500 mcg 2 days after C I DR insertion 

Number of 
cows 

3 

5 

5 

5 

5 

5 

\.11 
-...I 



Ta ble 1 .3 

Group 

C o ntrol 

M etoestrus 
( C D  3)• 

Ear ly  
Dioestrus 
( C D  7)•  

Late 
Dioestrus 
( C D  1 3)' 

Late 
Dioestrus + 
P G F  
( C D  1 3)• 

Oestrus cycle length in cows treated with a CI DR-B for 10 

days from device insertion on CD's 3, 7, or 1 3, and in 
untreated controls. 

N Cycle Length 
(Days) 

( 1 )b 5 2 1 .4 ±  2 . 1 

(2 )b 5 1 6 . 6 ± 1 . 5 

(3)b 5 24.4 ± 2 .3  

(4)b 5 26 .0 ± 1 . 7 

(5 )b 5 2 5 . 5  ± 1 .9 

( 1 ) vs (2) * ;  (2)  vs (3 + 4 + 5) * * ; ( 1 ) vs (4 + 5) *  

a =  Day of C IDR-8 insertion 

b =  Probability • P <  0.01 ; • •  P <  0.001 

5 8  



5 9  

Ta ble 1 .4 Average difference between class 3 follicles at day of CIDR-B 
insertion and during the CI DR-B treatment in cows with or 
without a corpus luteum (Cl) .  

Day N L-DCI ..±..C1 L-DCI  + PGF :.C.!: 

Mean (SEM) Mean (SEM)  

0 5 1 . 6 (0 . 2) 1 .4 (0 .2 )  

1 5 1 . 6 (0.2)  1 . 4 (0 . 2) 

3 5 1 . 6 (0 . 2) 1 . 8 (0 .4)  

6 5 2 .4  (0.4) 1 . 7 (0 . 2 )  

1 o· 5 2 .4  (0.4) 1 .4 (0 . 2 )  

a =  Day + C L > - CL; P <  0 . 1 0  



Ta ble 1 .5 

Day 

1 o· 

Average size of the largest follicle at CIDR-B 
removal in cows with or without a corpus 
luteum (Cl) . 

N L-OCI  + CL 

Mean (SEM) 

5 1 2 . 7  (0 .8)  

a =  Day + C L < - CL;  P <  0.05 

60 

L-OCI + PGF :Ch 

Mean (SEM) 

1 5 . 2  (0 . 8 )  



Ta ble 1 . 6 

Day of C IDR-8  
I n sertion 

0 

1 

2 

1 0  

Plasma progesterone (ng/ml) during the 1 0 

days of CIDR-8 treatment in cows with or 
without a Corpus luteum (Cl).  

PGF 

L-DC I  
+ CL 

Mean (SEM) 

8.3 ( 1 .0) 

1 0 . 5  ( 1  .4) 

9.9 (0. 1 )  

3 .5  (0 .9)  

L-OCI  + PGF 
-CL 

Mean (SEM) 

1 0 .3  ( 1 .3 )  

1 1 . 9 (0. 1 )  

4 . 9  (0.  1 )  

2 . 0  (0 . 1 )  

a =  Day + CL > - CL; P <  0.05 

6 1  

N 

5 

5 

5 

5 



Ta ble 1 . 7 The average number of class 1 ( < 6 mm) for cows at 
different days of the periovulatory period. 

Periovulatory Period 

C D  -2 Oestrus CD 3• C D  7 

Mean Mean Mean Mean 
(SEM) (SEM) (SEM) ( S EM) 

Fol l ic les class 20.4 23.7 29 .9  20 .8  
1 

a =  P <  0 . 05 
C D = Cycle day 

( 1 . 1 ) ( 1 . 2) (2 .9 )  ( 1 . 9 )  

6 2  
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Table 1 . 8 Interval to oestrus after CIDR-B removal in cows. 

I n t e r v a l  t o  N u m b e r  o f  Percentage Cows with Cows without 
Oestrus Cows of Cows .±..C.b :C.!. 
(days) ( % )  

1 1 4 .0 1 

2 1 1 44.0 3 8 

3 3 1 2 .0 1 2 

4 2 8 .0 2 

5 2 8 .0 2 

6 3 1 2 .0 3 

9 3 1 2 .0 3 

Total 25 1 00 1 2  1 3  
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Ta ble 1 .9 Average number of class 1 ( < 6 mm), class 2 (6-9 mm) and class 3 ( > 9 
mm) follicles at CIDR-B removal in cows with short ( 1 -3 days) or long (4-9 
days) post-removal intervals to oestrus. 

I n t e r v a l  t o  
Oestrus (days) 

1 -3 

4-9 

a = P < 0 .05 

N 

1 5  

1 0  

Class 1 Class � Class 3 

Mean (SEM) Mean (SEM) Mean (SEM) 

32 .0 ( 1 .9 )  2 .0 (0 . 3) 1 . 8 (0 .2 )  

34 .0  (2 .5 )  3 . 0 (0.4)  1 .4 (0 .2 )  



6 5  

Ta ble 1 . 10 Average number of  ovarian follicles in  classes 1 ,  2 and 3 during the CIDR-B 
treatment for ovulatory and nonovulatory ovary for cows with sho� ( 1 -3) 
or longb (4-9) post-treatment intervals to oestrus after CIDR-B removal . 

Ovulatory Ovary Nonovulatory Ovary 

Shon- Long" Sho� Long" 

Class 1 1 2 . 0  1 4.6  1 4.2 1 3 . 2  
(0 .4)  (0 .6)  (0 . 5) (0 . 6 )  

Class 2 0 . 9  1 . 2 1 . 1 1 . 2 
(0. 1 )  (0 . 1 )  (0. 1 )  (0 . 1 )  

Class 3 1 .0 0 .9  0 .7  0 . 7  
( 0 .  1 )  (0. 1 )  (0. 1 )  (0 .  1 )  

Values = Mean ( ± SEM) 



Ta ble  1 . 1 1 

I nterval to Oestrus 

1 -3 days 

4-9 days 

Size of largest follicle in cows with differing 
post-treatment intervals from CI DR-B removal 
to oestrus. 

Size of the fol l ic le 

Mean (SEM) 

1 4 . 68 (0 .8 )  

1 2 .4 (0 . 9 )  

a =  Interval g roups d i ffer; P = 0. 1 3  

6 6  



Ta ble 1 . 1 2  

I nterval 
to Oestrus 
(Days) 

1 -3 

4-9 

6 7  

Average number of follicular waves leading to the ovulatory follicle 
d uring CI DR-8 treatment for cows with different interval to oestrus 
after CIDR-8 removal. 

N Number of waves 

Mean (SEM)8  

1 5  1 . 7 (0 . 1 )  

1 0  2 .3 (0 . 3 )  

a =  Interval groups differ; P < 0 . 05 



Ta ble 1 . 1 3  Average plasma progesterone concentrations ( PPC) on 
selected days during one oestrous cycle in control cows. 

Group N 

C ontrol 5 

a =  Day of Cycle (oestrus = day 0 )  

0.07 
(0. 0 1 ) 

PPC Mean (SEM; ng/ml) 

CD 3 

1 . 8 
(0. 1 )  

CD 7 

4 .6  
(0. 1 )  

C D  1 3  

7 . 4  
( 1 .0 )  

68 



Table 1 . 1 4  Average plasma progesterone concentrations (PPC[mean 
(SEM) ;ng/ml]) at stated time of CI DR-B insertion in different 
treatments groups and on selected days (CD) during one 
oestrous cycle in normally cycling (NC)  group. 

Group 

N C  

PCib  

MCIC  

E-DCid  

LOC I "  

LOC I + 
PG P 

No of 
Cows 

5 

5 

5 

5 

5 

5 

a =  Day o f  cycle (oestrus = day 0)  
b = Pro-oestrus 

c = Metoestrus 

d = Early-dioestrus 

e = late dioestrus 

f = late d ioestrus + prostaglandin 

CD -2• CD 3 CD 7 

0.07 1 .8 4 . 6  
(0 .0 1 )  (0 . 1 ) (0 . 1 )  

< 0 . 1  

2 .3  
(0. 1 )  

4 .8  
(0. 1 )  

69 

CD 1 3  

7 .4  
( 1 .0 )  

8 . 3  
( 1 .0 )  

1 0 . 2  
( 1 .3 )  



Table 1 . 1 5  Average plasma progesterone concentrations ( PPC[Mean 
(SEM); ng/ml] ) at the time of CIDR-8 removal (TO 1 0) in 
ovariectomized (OVX) and cycling cows. 

Groups Number  of Day of the 
Cows Cycle" 

ovx 3 

PC I C  5 -2 

M C  Id  3 3 

L-DCI  5 1 3  
+ PG Fb 

a = Day of the oestrous cycle at C I DR-8 i nsertion (oestrus = day 0) 
b = injected with 500 mcg 2 days after C I DR-8 insertion 
c = Pro-oestrus 
d = Metoestrus 

TO 1 0  

1 . 7 
(0.4) 

2 . 3  
(0. 1 )  

2 . 1  
(0. 1 )  

2 .0  
(0. 1 )  

70 
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CHAPTER 2 

TH E U S E O F  TAI LPA I N T  A N D  A N  A E RO S O L  RA D D LE 

TO M O N ITO R O ESTRO U S  BEHAV I O U R  O F  A N I M A L S  

A FT E R  D I FFERENT SYN C H RONY TREATM ENTS 
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ABSTRACT 

The aim of this study was to evaluate the effectiveness of tai lpainting com bined 
with the use of an aerosol raddle technique in detecting oestrus in synchronized 
animals. Other objectives were to compare the patterns of onset of oestrus with 
different synchrony treatments, to measure the duration of oestrus,  and to 
monitor oestrous behaviour in some animals forming sexual ly  active groups 
(SAGs) . 

The study used groups of cycl ing maiden heifers and cycl ing and non-cycling 
cows. Tail painting a lways followed the injection of a prostaglandin (PGF) ,  or 
insertion of a controlled internal drug release device (CIDR) .  The paint strip on 
each animal was sprayed with an aerosol raddle at the end of a synchronization 
treatment. Those heifers or cows which had lost raddle at each checking time 
after the end of treatment were paint-scored before the original tai l-painted skin 
reg ion was re-sprayed with a raddle of a different colour than that used at the end 
of the synchronization treatment. 

Each paint strip was scored at selected post-treatment intervals .  This score was 
based on the estimated proportional loss of the paint. Oestrus was def ined as 
that period during which an animal would stand to be ridden by its mates. Also, 
the animals were considered to be or have been in oestrus when raddle was 
removed and varied amounts of paint were rubbed off. They were also observed 
visual ly, and details recorded of activity associated with oestrus such as m ounting 
and standing-to-be-m ounted , and whether an animal was part of a sexual ly  active 
group. 

The tailpainting and raddle technique combined with scoring , and re-raddl ing gave 
a precise corre lation with visual oestrus detection, and with patterns in the onset 
of the oestrus in groups of heifers and c ows synchronized with d i fferent 
treatments. Although some heifers had initial scores which were equal to or less 
than 3 (30% to 5 0 %  of tailpaint removed) when they were visual ly classified as 
riding, in all cases the score was reduced to 0 ( > 90% of tai l  paint removed)  or 1 
(70% to 90% of tai l paint removed) w ithin 8 h of the onset of oestrus. When 
heifers and cows were first observed in oestrus they had scores between 0 a nd 
2 (50% to 70% of ta i lpa int removed) .  

A practical problem peculiar t o  heifers i n  a group which has been synchronized is 
the difficulty of accurately identifying the individuals in oestrus. This problem was 
largely solved by use of this technique. Three of the six cows which were not 
seen in oestrus, but which were eventually scored and inseminated on the basis 
of their paint scores became pregnant to first insemination. 

The average interval from the end of treatment to onset of oestrus in heifers was 
similar among treatment groups, and in cows compared with heifers. H owever, 
the response patterns for treated cows showed a delay of a bout 2 to  6 h, 
compared with heifers. In  general the data from this study indicated that the 
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average interval to oestrus was concentrated between 30 and 1 20 h after using 
different treatments for oestrus synchronization. There was a tendency for m ost 
of the heifers to be in oestrus within 48 h post-treatment in heifers (Trial  1 )  
treated with C IDR  for 1 _5 days. A simi lar proportion of heifers were in oestrus in 
the PGF g roup, but heifers treated with a C I D R  for 1 0  days with PGF injected at 
device removal ( 1  0-day CIDR + PGF) had a spread in  synchrony with m ore heifers 
in oestrus by 72 h post-treatment . The response patterns for cows (Trial 2)  
treated with 1 0-day C IDR  + PGF were concentrated into 2 periods at  from 42 to 
54 and 8 1  to 9 3  h after device removal .  However, cows treated with two PGF 
injections 1 0  days apart were not wel l  synchronized . 

The mean duration of oestrus in heifers and c ows was not affected by synchrony 
treatment, but was longer with cows than with heifers. 

The SAG formed by cows when at pasture was ma inly composed of animals in 
oestrus, pro-oestrus, and metoestrus with only a few cows in dioestrus within 
this active group. The number of cows in  d ioestrus which were involved was less 
during night periods than in daylight hours. During the night periods, the sexual 
activity of the dioestrous cows only involved sniffing of the vulva , chin rubbing , 
and walking behind cows in oestrus, but not active mounting . However, during 
dayl ight, cows in dioestrus would also mount oestrous herd mates to become 
riders . 

The SAG with heifers was also com posed for few animals in d ioestrus. They 
showed simi lar mounting activities to oestrous group members. Each SAG was 
com posed of more animals than SAGs with cows per group, and had greater 
mobi l ity than d ioestrous cows a bout the paddock. Moreover ,  the SAG was less 
stable and broke up to reform after short periods of time. 
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INTRODUCTION 

Inefficient oestrus detection has been identified as a major factor contributing to 
calving intervals in excess of  365  days in year-round herds with a consequent 
reduction in the annual returns and profit margins {Esslemont, 1 974; Lauderdale, 
1 9 74). For dairy farmers, the successful i mplementation of a breeding 
programme using artificial insemination depends to a large extent on accuracy of 
oestrus detection. lt is  also necessary to achieve a high submission rate within 
a compact breeding period in seasonal herds (O 'Farre l ,  1 984b) .  The 
consequences of this requirement and the importance of mainta ining an optimum 
calving interval have been wel l  documented {Esslemont, 1 974; Foote , 1 97 5 ;  
Stevenson and Britt , 1 9 7 7 ) .  The economic impl ications re lated t o  oestrus 
detection also have been reported (Oitenacu et a t . ,  1 98 1 ;  Bai l ie, 1 98 2) .  The 
nature of the problem has been described from a veterinary view point by 
Zemjanis et a l .  ( 1 9 6 9 ) ,  and Moller ( 1 978) .  

Methods of  oestrus detection have been reviewed or  compared {Donaldson, 
1 9 68a; Foote , 1 9 7 5 ;  Stevenson and Britt, 1 9 77 ) .  The intensive studies of 
Wil l iamson et al .  { 1 9 7 2b), Hurnik et a l .  ( 1 975 )  and Esslemont and Bryant ( 1 9 7 6 ) ,  
i n  which groups o f  animals were observed continuously throughout 2 4  h periods, 
clearly indicated that because behavioural interactions change continuously ,  
results based on occasional observations (Ki lgour et  a t . ,  1 9 7 7) or  where animals 
are yarded (Donaldson et a l . ,  1 9 68a) can produce variations in terms of  number 
of times an oestrous animals is mounted or the duration of oestrus. I n  genera l ,  
silent oestrus is an infrequent occurrence, a lthough the duration and intensity of  
oestrus is  variable, because behavioural interactions are continuously changing 
(Esslemont and Bryant, 1 97 6; O 'Farrel ,  1 9 84a) .  

The formation of  a sexual ly active group {SAG) is an  important behavioural 
phenomenon in oestrus detection {Wil l iamson et a l . ,  1 972a; Kilgour et a l . ,  1 97 7 ) .  
A SAG wil l  mostly comprise animals i n  oestrus,  pro-oestrus , or metoestrus, with 
dioestrous animals m ounting less frequently {Mylrea and Beilharz, 1 9 64) . The 
formation and stabil ity of a SAG with cows under pasture conditions is important 
for the effective use of aids i n  oestrus detection . The most effective a ids are 
associated with m ounting activity by cows within a SAG, or the interest of a 
teaser (bull or cow) fitted w ith a chin-ball harness {Kilgour et a l . ,  1 97 7 ;  O ' Farre l ,  
1 984b) . Another report showed that heat mount detectors were the most 
effective aid in oestrus detection. The comparison between the m ethods of 
oestrus detection showed that the percentage of cows detected in oestrus by 
these devices, team observations 24 h per day, herdsmen checking dai ly,  and two 
dairyman checking at milking were 98,  89, 56 and 56% respectively. Heat mount 
detectors may be l ost when a large SAG is formed, without animals being 
observed to be m ounted {Wil l iamson et a l . ,  1 97 2a) . A simi lar  situation can be 
expected with oestrous synchronization. 

An alternative as an aid to detect oestrus in cows under pasture conditions with 
seasonal calving patterns i s  the tail paint system {Macmil lan and Curnow, 1 97 7a ;  
Will iamson, 1 980) .  This system has been evaluated for detecting oestrus among 
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dairy cows which had been injected twice with PGF at 1 0 day intervals to 
synchronize oestrus (Macmil lan et al . ,  1 9 7 7 b) .  A recent estimate is that some 
80% of New Zealand herd owners using artif icial breeding a lso use this system ,  
and the effects of herd size on non-return rate have been reduced from 1 1  % i n  
1 9 69 t o  4 in 1 982 ,  mainly because o f  a reduction i n  the incidence o f  errors of 
detection of oestrus in larger herds which a lmost invariably used tai lpainting 
(Macmil lan, 1 988a) .  Its use therefore, has increased the average conception rates 
of many herds. lt has also been successfully used by O'Farrel ( 1 984a) in I re land . 
A paste has been used for oestrus detection in beef cows following oestrus 
synchronization (E imore et a l . ,  1 986 ) .  lt has a lso been successfully used with 
dairy and suckled beef cows (Kerr and McCaughey, 1 984; Gould, 1 98 5 ) .  Another 
study reported that ta i lpaint was less re lia ble when used with heifers, and when 
milk progesterone profi les were used to judge when ovulation took place; with 
28% of cows which were f i rst observed in  oestrus and ovulated,  the paint had 
not been removed, and in 26% of cows where tail paint was removed there was 
no observed oestrus (Ducker et a l . ,  1 983) .  However, Ball et al . ( 1 983)  reported 
that 1 4  pregnancies followed 1 7  inseminations based only on ta i lpaint score. 
Macmil lan et al. ( 1 988b) reported that detecting  oestrus using tail paint and 
aerosol raddle increased the rel iabi l ity of the technique, especial ly in groups of 
synchronized heifers. lt a l lowed comparisons of patterns on the onset of 
synchronized oestrus in large and small  groups of heifers. However, an accurate 
assessment of aspects of cow behaviour which were related to the effectiveness 
of tai lpainting and it use for oestrus detection in commercial herds have not been 
reported. Thus, the aim of this study was to evaluate the effectiveness of 
tai lpainting combined with the use of an aerosol raddle technique in detecting 
oestrus in synchronized animals. Other objectives were to compare the patterns 
of onset of oestrus with d ifferent synchrony treatments, and the duration of 
oestrus, together with some observations of oestrus behaviour in animals forming 
SAGs. 
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LITERATURE REVIEW 

Oestrous Synchronization in Cattle. 

A major reason for the development of effective techniques for the regulation of 
the oestrous cycle has been to facil itate the use of a rtificial insemination (A I )  in  
breeding programmes designed to accelerate genetic improvement for increased 
production efficiency. 

Oestrous cycle control has several applications, in addition to synchronized 
breeding programmes. These include management of  replacement heifers in  beef 
and dairy herds,  breeding control for controlled parturition in dairy cows, and 
oestrous synchronization in embryo transfer programmes. 

There are several programmes involving the use of hormonal compounds. 
Their use depends on the requirements of each farm which may be operating 
under different management principles, and have different economic constraints. 
They have different real ities, requirements, and objectives. 

In cycl ic animals, control of the timing of oestrus is partly dependent on 
controll ing the time of regression of the corpus luteum (CL) .  The two main 
methods for control l ing the t ime of oestrus are :  

a )  the induction of a premature but predictable luteolysis of  the 
cyclic C L  with PGF, or its analogues; or, 

b) maintaining animals in an artif icial l uteal phase with 
exogenously administered progesterone until spontaneous 
regression of the CL has occurred in al l  animals (Roche and 
Ireland , 1 984) .  

Oestrus has been synchronized in cattle w ith progestagens, prostaglandins, 
progestagen and oestrogen combinations, progestagen and prostaglandin 
combinations , and progestagen and prostaglandins c ombined with gonadotrophin 
releasing hormone (GnRH) .  

Prostaglandin F2 aloha and its Analogues (PGF). 

The luteolytic properties of PGF have been wel l  established in cattle (Lauderdale, 
1 972;  I reland and Roche, 1 982 ) .  However, there is  a refractory period at  the 
beginning of the oestrous cycle when the CL is not susceptible to luteolysis by a 
single injection of PGF. 

One method of synchronizing oestrus with PGF a lone is to give two injections 
at a 1 0 to 1 4-day interval .  The range of animals showing oestrus over a 5-day 
period after these two injection systems varied from 1 1  % to 6 8 % ,  and the 
fertil ity at first service ranged from 44% to 6 8 %  (Young , 1 98 9 ;  Odde, 1 990) . 
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The post-treatment interval to oestrus after PGF is  shorter for heifers than for 
cows (King et al . ,  1 98 2) .  The response pattern also varies with PGF i njection at 
d ifferent stages of the oestrous cycle ( Macmil lan, 1 983;  Macmil lan and 
Henderson, 1 984; Watts and Fuquay, 1 985 ) .  Cows initial ly treated in  midcycle 
have a greater oestrous response, and showed oestrus later than cows injected 
between days 5 and 9 of the oestrous cycle (oestrus = day 0 ) .  

PGF  synchrony systems can  also be used with a single injection. One method 
involves detecting oestrus and inseminating animals for 5 days, then g iving a PGF 
injection to those which have not been inseminated by this f ifth day, and 
continuing oestrus detection w ith inseminating from day 5 through to day 9 of the 
breeding programme. A variation of this method is to give a second PGF injection 
only to those animals which have not been in oestrus 6 to 1 1  days after their  fi rst 
injection, and then to inseminate at oestrus over the next 4 days. Another single 
injection programme is to inject PGF and breed at detected oestrus for 5 days. 
These methods increase the proportion of animals conceiving over short periods 
of time after treatment com pared with the controls (lauderdale et a l . ,  1 9 80; 
Watts et a l . ,  1 9 85;  Macmi l lan,  1 986) .  

An increased oestrous response by  injecting oestradiol benzoate 40-48 h after 
the injection of PGF has been reported (Peter et al . ,  1 977; Dai ley et a l . ,  1 983;  
Figueroa et  a l . ,  1 988) .  However, these studies d id not report an increase in  
pregnancy rate . 

Contradictory results in  ferti l ity fol lowing late and early luteal phase injections 
have been reported by Stevenson et a l .  ( 1 984) and Watts and Fuquay. ( 1 98 5 ) .  
I n  the second study, the fert i l ity was higher with P G F  injected in  the late luteal 
phase. However, the fi rst study reported no d ifferences in  fert i l ity. Another 
study reported that in lactating dairy cows, the average pregnancy rate to first 
i nsemination for over 2000 PGF-treated cows was 6 9 % ,  compared w ith 60% in  
a comparable number of untreated herd mates (Macmillan a nd Day, 1 98 2 ) .  

Progestaqens. 

Progestagens administered for 1 4  to 20 days are effective in synchroniz ing 
oestrus. The duration of  progestagen treatment can be reduced by combi ning it  
with PGF at or near the end of treatment, or with an oestrogen at the beginning 
of treatment. 

The C IDR is a recently developed intravagi nal device to treat cycl ing and non­
cycl ing animals. The type B device is for cattle. 

CIDR-8 Indications. 

The most commonly recognised indications for C IDR  use include : 

i )  oestrous cycle control in yearling and adult  cattle; 

i i )  improving pregnancy rates fol lowing insemination and 



shortening the interval from first insemination to conception 
by synchronizing returns to service; 

i i i )  as a contraceptive; and 

iv) treating non-cycl ing cows. 

Synchronization of Heifers for Artificial I nsemination using CIDR-B.  
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A com prehensive series of experiments has been completed to evaluate the 
potential of the CIDR-8 device for synchronizing oestrus in heifers. Some of these 
experimental series are summarized in the fol l owing sections: 

1 .  Fi rst Experimental Series. 

In  extensive trials conducted from Ruakura, C I DR devices were used with 1 5-
month old heifers under two treatment regime's. These were: 

i )  A 7-day C I D R  insertion with PGF at  C I D R  removal was  used 
with 1 84 maiden heifers in 4 commercial herds each with 
from 20 to 7 7  animals; (C IDR + PGF) ;  

i i )  A 1 2-day C IDR insertion with 1 0  mg of  oestradiol benzoate 
(08) injected at C IDR  insert ion was used in another 4 
commercia l  herds each with from 3 2  to 1 1 8 heifers; (C IDR 
+ 08).  

Tai lpaint was applied to each animal when a device was inserted and the 
synchronization treatment p rogramme commenced . A drying aerosol raddle of a 
contrasting colour was sprayed over the ta i l paint strip when the C I D R  was 
removed.  Heifers were then checked at selected post-treatment intervals, and 
their  tai l paint scored according to the criteria described by Macmil lan et a l .  
( 1 988b ) .  In  those trials in which animals were inseminated ,  heifers which had 
lost some raddle by 48 h post-treatment were inseminated , the paint scored and 
the tai lpaint strip re-raddled with a second colour.  This checking process was 
repeated at 72,  9 6  and 1 20 h; but only those animals which had scores further 
reduced by > 2 units were re-inseminated. The heifers were inseminated with 
thawed deep frozen semen. Each heifer not detected in  oestrus by 96 h or 1 20 
h post-treatment had its reproductive tract palpated per rectum to determine the 
cause of treatment fa i l ing to produce an oestrus. A double PGF treatment group 
was also included in one comparison. 

A total of 9 7 . 8 %  of the heifers treated with C IDR  + PGF were detected in 
oestrus and inseminated within 1 20 h of the end of treatment. 
The insemination times after treatment with C IDR  + OB showed that 94. 7 %  of 
heifers were inseminated from 48 to 96 h ,  and only 0 .4% were inseminated at 
1 20 h. There were 2 . 8 %  of heifers which were not inseminated . 
I n  total (C IDR + PGF and C I DR + 08) ,  9 6. 1 % were inseminated from 48 to 9 6  
h ,  with 0.4% of heifers inseminated a t  1 20 h ,  and only 3 .4% o f  heifers not 
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inseminated . 
The C IDR  + PGF treatment had an average of 50% of inseminations at 48 h and 
40 % at 7 2  h ,  compared to 80% of heifers inseminated at 48 h and 1 5 % at 72  
h with the C I D R  + OB treatment (Macmi l lan et  a l . ,  1 988) .  

The insemination time in the 2 x PGF ( injections at  a 1 2  days interval )  group had 
8 2 %  of heifers inseminated from 48 to 96 h ,  another 3 %  of heifers were 
inseminated by 1 20 h,  and 1 5 % of them were not inseminated . The average 
pregnancy rate in heifers fol lowing C IDR + PGF was 6 1 . 9 %  with a herd range of 
5 7 %  to 70 % .  With the C I D R  + OB treatment, it was 6 2 . 9 %  ranging from 56% 
to  6 5 % .  

2 .  Second Experimental Series. 

This was a series of experiments designed to study the use of a specifica l ly 
formulated oil based enamel paint for use in oestrus detection with synchronized 
oestrus regimes in heifers. 

Heifers were treated with systems to synchronize oestrus including : 

i )  2 injections of PGF 1 2 days apart; 

i i )  inserting a C IDR  for 7, 1 0, or 1 2  days (7-day C IDR,  1 0-day 
C I DR or 1 2-day C IDR)  with an injection of OB ( 1  0 mg) at 
C I D R  insertion or PGF at CIDR removal ;  and 

i i i )  The Syncromate-B (SMB) system with implant removal a\r 
1 0  or 1 2  days .  

The d istributions of  intervals to oestrus and insemination differed between 
treatments within trials and also between groups of heifers within a treatment 
(Table 2 . 1 ) .  

Trial Treatment No. Herds No. % in % not 
Heifers oestrus by i nsem'd 

48-54 h by 1 20 h 

1 1 2-Day C IDR + O B  7 8  7 1  5 
7-Day C IDR + PGF 1 99  54 5 
2 X PGF 1 02 2 1  1 4  

2 1 2-Day CIDR + O B  4 1 84 79 5 
7-Day C IDR + PGF 6 3 6 5  49 2 

3 7-Day CPRO + PGF 1 1 22 7 6  1 2  
7 -Day CPRO + PGF 1 1 26 64 7 

4 1 2-Day C IDR + O B  1 40 88 2 
1 2-Day SMB 40 9 5  2 
1 0-Day C IDR + O B  1 3 6  4 1  0 
1 0-Day SMB 3 5  60 0 

TOTAL 1 227 60 5 
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Only 5 . 5 %  of the 1 227 heifers included in the 4 trials were not detected in  
oestrus by  1 20  h from the end of  treatment. 
Among this total of undetected heifers, only 0 . 8 %  of the 1 227 had ovulated .  
This represented a probable detection failure of  the technique . On  average,  
93,8% of the heifers included in the trials were inseminated after being detected 
in oestrus. Only 1 0 . 6 %  were re-inseminated on consecutive days (usual ly  at 48 
and 72 h) . 
The pregnancy rate in Tria l  1 including al l  treated heifers was 5 9 . 1  % ,  compared 
with 6 2 . 7 %  in Tria l  2. 
In  Trial 3 ,  the pregnancy rate was only 4 1 . 8 %  because the CIDR prototype 
(CPRO) did not maintain adequate concentrations of plasma progesterone if  PG F 
was injected at device insertion, compared with 5 1 . 6 %  in the group with CPRO 
+ PGF at  removal . 
Animals in Trial 4 were not inseminated (Macmil lan et a l . ,  1 9 8 8 b) .  In  conclusion: 
the combination of ta i lpa int, raddl ing , tailpaint scoring and re-raddl ing is  a s imple 
sequence which can be effectively used to detect oestrus among synchronized 
heifers. 

3. Third Experimental Series. 

This experiment was conducted to evaluate the onset of oestrus and ferti l ity in 
heifers synchronized with a C IDR device for 1 5  days. 

Heifers, aged 1 7  to 2 1  months each had a C I D R  device inserted into the 
vag ina .  They were injected with a luteolyt ic  d ose of PGF 5 days later (to 
terminate any endogenous progesterone production from a functional corpus 
luteum) .  The C IDR's  were removed after a treatment period of 1 5  days. 

Heifers were used for either one or two 1 5 -day treatment periods (the second 
group of heifers had a second C IDR  inserted w hen detected in oestrus at 48 h 
after removal of the first C IDR ) .  

N one of the heifers was i n  standing oestrus w ithin 2 8  h of initial C IDR  rem ova l .  
Only 4% had been m ounted b y  3 0  h, but 7 7 %  were i n  oestrus a t  4 8  h .  I n  total ,  
9 4 %  of animals were i n  oestrus from 3 0  t o  7 2  h after CIDR remova l .  After the 
second treatment period,  20% of the heifers were in oestrus at 48 h,  another 
60% at 72 h and the remaining 20% by 96 h .  The overall pregnancy rate was 
5 5 .3 % ,  but only one of the 4 heifers with a prolonged post-treatment interval to 
oestrus conceived . The results of this exper iment showed that the interval to  
standing oestrus was at least 30 h after the end of  this 1 5-day treatment period . 
M ost animals which d id not have a functional C L  at device removal were detected 
in oestrus by 48 h post-treatment (Macmil lan et al . ,  1 988c) .  However, when the 
device was inserted at oestrus or during metoestrus, then more animals are l ikely 
to be precisely synchronized by 7 2  h. 
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Detection of Oestrus. 

Accurate oestrus detection is a key to efficient reproduction. The inabi l ity of 
farmers to detect oestrus in dairy cattle is being widely recognized as one of the 
major factors l imiting reproductive effic iency, and therefore the efficiency of mi lk  
production (Foote, 1 974; Wil l iamson et  a l . ,  1 972a) .  

I nefficient oestrus detection has been found to be  a major factor contributing 
to calving intervals in excess of 3 6 5  days with a consequent reduction in the 
annual returns and profit margins ( Esslemont, 1 9 74; Lauderdale, 1 974) .  
However, an improvement in rates of  oestrus detection is  of  l ittle value unless 
there is an associated reduction in the interval from calving conception 
(Wi l l iamson et al . ,  1 97 5 ) .  Other reports have shown that extended calving 
interva ls were a result of problems with oestrus detection rather than because of 
anoestrous cows (Wi l l iamson et al . ,  1 9 7 2a ;  Macmil lan, 1 9 7 5 ) .  

For the dairy farmers using A I ,  the successful implementation of a breeding 
programme depends to a large extent on accuracy of oestrus detection to achieve 
a high submission rate within a compact breeding period in seasonal herds, or to 
maintain an optimum calving interval in year-round herds (O ' Farrel , 1 984b) . The 
consequences of this problem and the importance of mainta ining an optimum 
calving interval have been well d ocumented (Esslemont, 1 9 74; Foote, 1 9 7 5 ,  
Stevenson and Britt, 1 9 7 7 ) .  The economic implications related t o  oestrus 
detection a lso have been reported (Oitenacu et a l . ,  1 98 1 ; Bai l ie, 1 982 ) .  

The best criterion that a cow is in oestrus i s  that i t  stands to be ridden by  its 
herd mates or by a herd sire. However, using this criterion alone can result in a 
smal l  number of cows being wrong ly  d iagnosed , and a larger number of others not 
being detected . Mounting othes cows in oestrus, and ruffling a nd abrasion of the 
rump have been shown to be useful secondary signs in diagnosis, but neither 
symptom could be considered completely reliable (Williamson et al . ,  1 972b) .  

N ot a l l  cycling animals show the same behavioural signs of  oestrus. The 
frequency of mounting behaviour in dairy cattle varies with the stage of the 
oestrous cycle, type of animal ,  status, a nd number of animals simultaneously in 
oestrus. Oestrous cows tend to congregate together forming SAGs, which are 
restless and move throughout the herd , with others joining or leaving them so that 
intense riding activity is maintained within the group.  On many farms, especial ly 
in large herds, there can be major difficulties in implementing more effective 
oestrus detection, and consequently many oestrous periods may be missed 
(Macmil lan, 1 985 ) .  Under these circumstances, ta i lpainting has been shown to 
be an effective aid (Macmil lan and Curnow, 1 97 7a; Will iamson, 1 980)  



9 1  

The Duration of Oestrus. 

While Esslemont and Bryant ( 1 976 )  reported that the average duration of oestrus 
was 1 4 . 9  ± 4.7 hours, O'Farrel ( 1 984a) found it was only 9 . 2  ± 5 . 7  hours. This 
latter study also found that the duration of the oestrus was not affected by herd 
size, and 23 .3% of oestrous periods were 4 hours or less in duration. Moreover ,  
pregnancy rates were not affected significantly by duration of  oestrus. 

Other factors which may affect the duration of the oestrus are: 

i )  an interruption in standing behaviour by breaks when the 
cow was not mounted for a several hours before standing 
again (O 'Farre l ,  1 984a ) .  Another study reported that some 
cows which were clearly in oestrus in the paddock showed 
little or no activity in the mi lking yard (Will iamson et al . ,  
1 9 72b) ;  and , 

i i )  different types of management and whether animals are at  
pasture or housed during observation periods showed that 
mounting activity was more common during darkness when 
management activities were minimal  (King et al . ,  1 975 ;  
O'Farre l .  1 980a ) .  I n  contrast, another report showed that 
cows at pasture had m ore mounting activity during the day. 
This study also reported that the riding activity within the 
SAG was inhibited by the immediate presence of bul ls, by 
feeding supplements, or by inclement weather ( Ki lgour et 
a l . ,  1 9 7 7 ) .  

Frequency and Time of Observation. 

Three observations periods each day for 30 minutes generally can give a detection 
rate of around 70% , whereas five observations can give over 90% (Donaldson, 
1 968a;  Esslemont a nd Bryant, 1 976; O'Farre l ,  1 984a) .  From these studies, it 
was clear that frequent and timely oestrus observations must be made during the 
early morning and late evening to achieve high detection rates. 

Methods of Oestrus Detection. 

Visual observation is the most common method used in detecting oestrus in  m ost 
dairy herds. 

The value of the various a ids to oestrus detection can be assessed by the 
fol lowing criteria : The method should be easy to use and appl icable under at least 
some of the wide range of conditions on commercial farms, effective, accurate, 
inexpensive for practical application, and should result in satisfactory conception 
rates. 

In an attempt to reduce the · labour of oestrus detection, and improve its 
efficiency a wide variety of oestrus detection aids have been developed. 



There are three different approaches to the problem: 

i )  to  measure the hormonal changes related to  oestrus, and 
ovulation by assaying progesterone (or other hormones) in 
plasma or mi lk; 

i i )  to detect changes closely associated with oestrus such as 
cervical m ucus, body tem perature, pheromones, or non­
sexual activities; and 

i i i )  detection of standing and m ounting behaviour other than by 
visual observation by using a heat mount detector, prepared 
bulls, cows or steers, television cameras, or tailpa int ( Boyd , 
1 984) . 

Hormonal Changes. 
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At present, only progesterone has been assayed as an aid for oestrus detection . 
Progesterone production from the CL  in  cycling cows falls 2 to 4 days before 
ovulation.  lt is not the complete answer to detecting oestrus and ovulation (Boyd , 
1 9 84) .  Mi lk is the most suitable fluid for frequent sampl ing , and although a 
radio immunoassay ( R IA) has been widely used, an enzyme-l inked immunoassay 
(EL ISA) test which can be carried out under " on farm conditions " means that 
results can be obtained rapidly to avoid the shipping, and processing,  and reduce 
response times. Moreover,  the EL ISA test is more accessible w ith low cost and 
can be made with innocuous reagents (Booth and Hollandsworth,  1 9 7 6; Blake and 
Gould , 1 984) . 

Foulkees et al .  ( 1 982)  have reported the successful use of m i lk  progesterone 
assay a nd timed insemination after the decl ine in milk progesterone concentration. 

Changes Associated with Oestrus. 

i) E lectrical resistance of the vaginal m ucus. 

Resistance can be measured in the l iving animal by using a suita ble probe which 
incorporates electrodes to which a c urrent is applied before measuring the 
electrical  resistance between the electrodes. The hormonal changes at oestrus 
produce the characteristic oestrous m ucus which has a reduced electrical 
resistance. Boyd ( 1 984) described other circumstances which may also cause 
lowered electrical resistance such as m ucus produced in cases of ovarian cysts 
and with purulent material in cows with endometritis or vaginitis. Cows 
inseminated on the basis of change in the electrical resistance of vaginal mucus 
had a simi lar conception rate (measured by  rectal palpation d iagnosis) , to cows 
inseminated on observed oestrus (Foote et al . ,  1 979 ) .  More detai led information 
has been reported by Aizinbud et a l . ( 1 984) .  However, the cost of the equipment 
and its appl ication to on farm conditions need to be considered in  more deta i l .  
Each cow entering the breeding season or  mating period needs to be inspected 
dai ly by intravaginal examination with the probe for about 1 1  days. This can 
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create a management problem.  Moreover ,  the potential problems of hygiene and 
trauma to the cow would be a consideration.  

i i )  Body temperature. 

Oestrus appears to be associated with a very small rise (0 . 1  oC) in body 
temperature. However, the increase of body tem perature also can be caused by 
systemic or local inflammatory reactions. 

Body temperature can be measured either in  the rectum or in  the mi lk .  Ball et 
al . (  1 9 78)  reported a formula for assessing the significance of the recorded 
temperature changes, but this study did not report pregnancy rates obtained with 
inseminations based on temperature rise. 

i i i )  Oestrous odour. 

Kiddy and Mitchel ( 1 98 1 )  have reported that d ogs  can be trained to detect the 
specific odour produced by cows in oestrus. 

iv) Other behaviour.  

Cows in oestrus exhibit non-sexual behavioural changes such as bel lowing and 
restlessness. Attempts to measure restlessness by using electronic pedometers 
have been successful (Vasquez et al . ,  1 984) . These results indicated that a 
significant increase in walking activity occurred for 1 8 h preceding oestrus and 
ovulation. 

Detection of Standing Oestrus other than by Visual O bservation.  

i )  Television cameras. 

Hurnick et a l . ( 1 975 )  used television cameras to improve oestrus detection 
efficiency and to study oestrous behaviour in housed cattle. The data indicated 
that the time d istribution of mounts showed evidence of a c i rcadian rhythm with 
the highest frequency occurring during the nocturnal period . The total number of 
mounts and m ounting/mounted ratios per oestrus varied among individuals and 
were affected by oestrous synchronization. The number of mounts per cow 
increased from an average 1 1 . 2  with one cow in oestrus to 5 2 . 6  with three cows 
in oestrus at the same time. The sequence of post-partum oestrus periods was 
associated with a gradual i ncrease both in  m ounted and mounting activities and 
mounting/mounted ratios. Also, on average, m ore mounted cows were in oestrus 
than m ounting  ones. The length of m ounting between cows in synchronized 
oestrus lasted longer than between non-synchronized cows with only one 
oestrous partner. Detected duration of oestrus was 7 . 5 ,  7 . 8  and 1 0 . 1  h if there 
were one, two and three cows in oestrus together .  Behavioural signs of onset of 
oestrus differed among animals and revealed a dependency on social factors. 
Finally, oestrous stage caused changes in the proportional composition of daily 
activities i . e .  a high increase of walking t ime at  the cost of both resting t ime and 
time spent at the feeder. 
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i i )  Vasectomized bul ls or testosterone treated teaser cows or steers with chin-ball 
harness. 

These animals has been shown to be very useful for identifying cows in oestrus. 
They require the same management as entire bulls, and in large herds several 
teasers are required for maximum efficiency. O ' Farrel ( 1 984b) reported that a 
considerable variation in efficiency was found between teasers cows which had 
been treated with testosterone to stimulate m ounting behaviour . R.  Morris 
(personal communication) found that teaser bulls with chin-ball harnesses tended 
to favour certa in c ows among those in oestrus in a large herd , and therefore did 
not necessarely perform any better than visual methods. 

In order to determine the effectiveness of steers and heifers treated with 
oestrogen and testosterone in the detection of oestrus in cattle, two experiments 
were carried out in Australia (Sawyer and Fulkerson, 1 98 1 ) . There was no effect 
of age at castration of steers on development of male behaviour. Steers and 
heifers treated with oestradiol benzoate were superior at detection of oestrus in 
cattle than animals treated with testosterone or those receiving no hormone . 
These oestrogen-treated animals generally detected heifers in oestrus in less than 
3 minutes after introduction and m ounted these animals between 20 and 30 t imes 
in one hour.  This response was consistent throughout the duration of the 
experiment .  Moreover ,  the rate and degree of development of male behaviour in 
steers was tested in  response w a weekiy subcutaneous InJections of 0 ,  .2 ,  4 ,  8 
or 1 6  mg oestradiol  benzoate per 250 kg body weight, 250 mg testosterone or 
1 5 0  mg dihydrotestosterone for a period of 1 5 weeks. Steers treated with 
oestradiol benzoate proved to be m ore successful than untreated or testosterone­
treated steers at consistently detecting and mounting oestrous heifers. The best 
response was obtained from steers treated with 8 mg/250 kg body weight. 

In another experiment Fulkerson et al .  ( 1 98 3) assessed the accuracy and 
efficiency of oestrus detection using behavioural observations only in a large 
commercial dairy herd of 1 20 cows, or in combination with hormone-treated 
steers or ta i lpaint. The oestrus detection rate was 50, 88 and 8 0 % , respectively, 
with no significant difference in conception rate between m ethods fol lowing 
artificial insemination. Progesterone analysis confirmed oestrus in al l  cows 
detected, except for  5 cows detected with steers and 4 with tai lpaint. A l l  except 
2 of these animals conceived at that oestrus, the accuracy of the 3 methods was 
considered to be the same. In a study to determine the effect of various factors 
on the reproductive performance of approximately 1 700 cows in  1 2  seasonal ly 
calving dairy herds in N orth Western Tasmania ,  the same author ( 1 984) found 
that the presence of the male did not improve oestrus detection or non-return rate 
of cows in the early post-partum period . 

"Other Methods" .  

Alternative methods of oestrus d etection were evaluated by Johnson and Reneau 
( 1 989)  for dairy c ows in t ie stal l  barns. Oestrus was d etected by visual 
observation during exercise or by a system which combined a test of 
progesterone in mi lk ,  a probe to  measure conductivity of cervical mucus, and a 
selective injection of PGF. These data showed that the combined system was at 
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least as effective as the visual observation.  

Although the duration and intensity of oestrous behaviour is variable, and 
behavioural interactions change continuously ,  silent oestrus was a n  infrequent 
occurrence (Esslemont and Bryant, 1 9 76 ;  O ' Farre l ,  1 984a ) .  

The importance of  the formation of  a SAG i s  a significant behaviourial 
phenomenon in oestrus detection (Wi l l iamson et a l . ,  1 9 72b; Ki lgour et a l . ,  1 97 7) .  
The formation and stability o f  a SAG with cows under pasture conditions would 
seem im portant to the effective use of aids in oestrus detection.  The m ost 
effective aids are associated with mounting activity by cows within the group or 
the interest of a teaser (bul l  [Donaldson, 1 9 68a] ,  cow [Britt , 1 9 7 6] ,  or steer 
[Sawyer and Fulkerson, 1 98 1  ] )  fitted with a chin-ball harness. Previous reports 
showed that heat mount detectors were the most effective a id in oestrus 
detection. The com parison between the methods of oestrus detection showed 
that the percentage of cows detected in oestrus by these devices, team 
observation 24 h per day, herdsmen checking dai ly,  and two dairymen checking 
at mi lking were 9 8 ,  8 9 ,  5 6  and 5 6 %  respectively (Williamson et al . ,  1 9 72a) .  

An a lternative as an a id  to detect oestrus in cows under pasture conditions w ith 
seasonal calving patterns is the ta i l  paint system ( Macmillan and Curnow, 1 9 7 7a; 
Wil l iamson, 1 980) .  Tai lpainting has increased submission rates, reduced the 
incidence of short return-to-service intervals and increased non-return rates. lt 
has also reduced the difference in non-return rates between small and large herds 
(Macmil lan, 1 98 8a) .  

Oestrus Detection Rate. 

As the accuracy and efficiency of oestrus detection has a direct effect on 
conception rates it is important to be a ble to determine its contribution to overall 
herd reproductive performance. 

Efficiency in detection may be estimated by calculating the m ean inter­
oestrous interval .  An interval of 2 1  days indicates 1 00%,  and 42 days a 50% 
detection rate (O 'Farrel ,  1 984a ) .  

l t  is  wel l  known that adequate records and  their rel iable analysis and 
interpretation are very important to effective reproductive management. 
However, there is wide variation in  calculation methods for reproductive 
performance indices. In order to make c omparisons between different methods 
and a correct interpretation, Fetrow et al .  ( 1 9 90) have proposed standards for the 
calculation of indices used to evaluate da i ry reproduction. One of the indices is 
to measure the completeness of oestrus detection. This is the percentage  of 
possible oestrous events which are detected . lt  provides an estim ate of the 
percentage of detection . The indices can be calculated by accounting for al l  
inseminations and reported oestrous events in el igible cows for a defined per iod , 
and the oestrous cycle days i n  the period in these cows is divided by  2 1  . 

Another method is to calculate the proportion of al l  returns which a re normal 
( 1 8-24 days ) ,  short (less 1 8  days) ,  or l ong (more than 24 days) .  Macmil lan 
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( 1 970) showed that a bout 1 7 % of all return to service intervals a fter f irst 
i nsemination were less than 1 8  days. Many of these short intervals were errors 
in detection. Another study conducted by Macmil lan and Watson ( 1 9  7 1 )  found 
that the proport ion of normal returns fell from 6 7 %  for herds of 20 to 50 cows 
to 5 2 %  for herds over 200 cows. As this occurred , the proportion of short 
returns increased from 1 2 to 2 9 % .  This was suggestive of errors in oestrus 
detection increasing with the size of the herd . H owever, some of these short 
cycles were identified when using mi lk progesterone assay results as an 
i ntermediate phase between post-partum a noestrus and normal cycl ing . 
Therefore, short cycles were more prevalent in  herds with a high incidence of 
anoestrus. Even when these short cycles were excluded , the incidence of short 
returns sti l l  exceeded 1 2% of all intervals (Macmi l lan, 1 988a) .  

The use of vasectomized bulls was recommended to assist oestrus detection 
in large herds in New Zealand, but ta i l painting is now an accepted procedure in  
an efficient breeding programme.  Some 8 0 %  of  herd owners using a rtificial 
breeding a lso use this system ,  and the herd size effects on non-return rate have 
been reduced from 1 1 % in 1 9 69 to 4% in 1 98 2 ,  mainly because of a reduction 
in  the incidence of errors of detection of oestrus in larger herds (Macmi l lan,  
1 988a) . 



OBJECTIVES 

a) To evaluate the effectiveness of ta i lpa inting combined with 
the use of an aerosol raddle technique in detecting oestrus 
in synchronized dairy cattle; 

b)  To com pare the patterns of onset of oestrus with different 
synchrony treatments; 

c) To estimate the duration of oestrus; and,  

d )  To observe the behaviour of  some animals forming sexual ly 
active groups . 

9 7  
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MATERIAL AND METHODS 

Groups of cycling maiden heifers and cycling and non-cycling mature cows were 
used to evaluate 2 or 3 d i fferent brightly coloured enamel paints as ta i l-paint 
combined with contrasting  c olours of rapidly d rying aerosol raddles among 
synchronized animals and untreated herdmates. 

Animals. 

All the maiden heifers were 1 4  to 1 6  months of age and located in one herd 
(Massey N° 4 Herd) when exa mined rectal ly to determine ovarian a ctivity. All the 
mature cows (Massey N °  4 Herd) were examined rectal ly to determine the 
progress of uterine involution and the nature of ovarian structures.  

Al l  groups of dairy heifers and cows were g razing ryegrass-white clover 
pastures when the study was performed . Stock density varied from 5 0  to 5 7  
animals per hectare, a n d  animals c ould interact freely for most o f  the t ime. 

Oestrus was defined as that period during which an animal would stand to be 
ridden by its herd mates. The animals were considered to be or have been in 
oestrus when raddle was removed and varied amounts of paint rubbed off. 

Heifers and mature cows were observed visual ly and detai ls recorded of 
activity associated with oestrus, such as m ounting and standing-to-be-mounted.  
These activities were subdivided into the fol lowing classifications: " riding " ,  
"mounted and stood wel l " ,  " mounted but refused b y  moving away" , and "stood 
when m ounted ? " .  Also, the observer noted if an animal was part of a SAG . 
Heifers and mature cows were also checked for tai l -paint and raddle removal due 
to mounting activity. 

In some heifers, blood samples were taken during oestrus for subsequent assaying 
for progesterone . Mi lk  samples were taken from some cows for the same 
purpose . 

Observations of Oestrus a nd Tailpainting and Raddle Scoring. 

This m ethod for detecting oestrus in  synchronized heifers was developed by 
Macmil lan et al . ( 1 988b) , a nd has been described as tail-paint and raddle scoring .  

Heifers were checked for  30 minutes at  selected post-treatment i ntervals 
(from 0 h after the end of a synchronization treatment until 1 44 h ,  at 4 h 
intervals) , and their tail-pai nt scored accord ing to the fol lowing criteria :  

Raddle not removed;  no  paint removed , 5 + not yet in oestrus. 
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Raddle removed; < 1 0% paint removed , 5 just in oestrus. 

Raddle removed; 1 0 % to 30% paint removed, 4 in oestrus. 

Raddle removed; 30% to 50% paint rem oved , 3 in oestrus. 

Raddle removed; 50% to 70% paint removed , 2 in oestrus. 

Raddle removed; 70% to 90% paint removed, 1 in oestrus. 

Raddle removed; > 90% paint removed,  0 in oestrus .  

Cows were checked during dayligth hours for  30 minutes at 8 h intervals (time 
0 h coincided with the end of a synchronization treatment) until 1 68 h. Their tail­
paint scored at 1 2  h intervals from 0 h until 1 9 2 h .  

Scores were recorded a t  each checking time t o  obtain a n  indication o f  the 
occurrence of further occasional riding (score change of 1 or 2 )  or intensive riding 
(score change > 2) .  I n  Trial 2, those cows which had scores further reduced by 
> 2 units from one mi lking to the next were re-inseminated . 

Those heifers or mature cows which had l ost raddle were paint-scored before 
the original ta i l-painted skin reg ion was sprayed with a raddle of a different colour 
than that used at the end of the synchronization treatment. This system a l lowed 
for cumulative progress of the synchronization response to be m onitored visual ly 
at any time. 

The heifers which were not seen in oestrus within 1 44 h post-treatment were 
examined per rectum to diagnose the reason for lack of behavioural oestrus, 
including detection failure (which was when a heifer had ovulated without being 
detected in oestrus) .  

The cows which were not seen i n  oestrus within 1 9 2 h p ost-treatment were 
also exam ined per rectum to identify developing or ovulated fol l icles. 

The post-treatment interval to oestrus was defined as the period from the end 
of treatment until an animal was seen to be mounted by herdmates, when the 
radd le was removed and a score could be g iven .  The time for end of oestrus was 
when an animal was last mounted , the raddle was not rem oved,  and the next 
score g iven  was unchanged from that at the previous checking t ime.  

Tailpainting. 

Each animal was tail-painted when a synchronization treatment program 
commenced. This involved a pplying a strip of red , blue or  green tail-paint 
(Coopers Animal Health, N .Z . )  approximately 20 cm long and 5 cm wide running 
posteriorly from a bout the fi rst coccygeal vertebra (Macmil lan and Curnow, 
1 97 7a ) . 
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The paint was a ppl ied with a 5 cm brush after loose hair or dirt had been 
brushed off, to achieve an average of 70 to 80 appl ications per l itre . 

Tail-painting a lways fol lowed injection (PGF) ,  or insertion (C I DR-8) to ensure 
every animal in a group was treated , and to al low untreated animals to be 
identified if groups became mixed . 

Raddling. 

The paint strip on each animal was sprayed with a rapidly drying aerosol raddle 
of a contrasting colour ( " S pray Line Stock Marker" Donaghys Industries Lim ited, 
N . Z . ) ,  at the end of a synchronization treatment. 

Experimental Protocol . 

Trial  1 .  

Cycl ing Friesian heifers from within a herd of 1 1 8 animals were randomly 
al located to three treatment groups (n = 1 0  each ) ,  and one control group (rest of 
the herd ) .  

Animals in each treatment group received one of  three different 
synchronization treatments which were applied so that each treatment was 
com pleted at the same t ime on the same date. This al lowed patterns of onset of 
oestrus to be compared within groups . 

These treatments included : 

1 )  I nserting a C I DR-8 for 1 5  days ( [ 1 5-day C IDRI  Eazi-8reed 
C IDRtm-8; C H H  Plastic Moulding Co. , Hami lton, N .Z . ) ;  

2 )  Inserting a C I D R-8 for 1 0  days and  administering 
prostaglandin F 2 a: (PGF, 2 ml, i .m .  of Estrumate, Coopers, 
N .Z . )  at device removal ( 1  0-day C IDR + PGF); 

3) PGF (two injections) 1 0  days apart ( 2xPGF); and 

4) A control group which did not receive any treatment a nd 
comprised a l l  of the heifers remaining in the herd . 

Trial 2 .  

Groups of Friesian cows from within a herd o f  2 7 0  animals were randomly 
al located to three treatment groups (n = 1 0 each), and one control group (rest of 
the herd ) .  

Each treatment group received a different synchronization treatment applied 
so that each treatment e nded at the same time. 



These treatments i ncluded: 

1 )  Anoestrous cows ( 1  0-day C IDR + PMSG) which each had 
a C I D R  inserted for 1 0  days from at least at 50 days post­
partum . 400 I . U .  of Serum G onadotrophin of Pregnant 
Mares ( PMSG,  Fol l igon, lntervet, Chemavet Division, N .Z . )  
was i njected , when the device was  removed . 

Cycl ing cows were divided in three sub-groups (2 ,  3 and 4) . 

They each received one of the following treatments described below: 

2) A C I D R  was inserted for 1 0  days from a bout 50 days post­
partum .  Prostaglandin F 2 a: (PG F, Estrumate, 2 m l ,  i .m . ,  
Coopers, N .Z . )  was injected at device removal ( 1  0-day C IDR 
+ PG F) ;  

3 )  Two intramuscular injections of PGF 1 0  days apart (2xPGF); 
and 

4) The control g roup in which animals did not receive any 
treatment .  

Blood Collection. 

1 0 1  

B lood samples ( 1 0  ml )  were taken from a coccygeal venipuncture , and into 
heparinized tubes (N ipro-New Tube System,  Vacuum Blood Col lecting System,  
N issho Corporation,  Osaka, Japan) .  The sam ple was temporari ly stored in ice  
until centrifuged (within 2 h of  collection) at 3000 xg for 20 minutes. The plasma 
was collected and stored at -20 oC until progesterone was measured using a 
specific radioimmunoassay. 

Mi lk  samples (5  ml) were taken from a healthy quarter and col lected in a clean 
plastic tube, then stored at -20 oC until measured by a specific radioimmunoassay 
for progesterone using the method of Dobson et a l .  ( 1 975 )  w hich had previously 
been validated by Lapwood (Moller et al . ,  1 98 6 ) .  The first 3-5 squirts of mi lk  
from the teat were d iscarded. 

Samples were also taken to measure progesterone concentrations when the 
animals were in  oestrus. 

Hormone Assay. 

Plasma concentrations of progesterone were measured by the method of Kirwood 
et a l .  ( 1 984) .  

Plasma oroaesterone. Determinations were made on 500 pi sub-samples from 
each original plasma sam ple. They were extracted with 5 ml toluene :hexane ( 1  : 2  
v/v) .  The solvent-plasma mixture was frozen overnight, and the solvent 
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supernatant then decanted into clean tubes, dried under air and redissolved in 500 
pi ethanol . Dupl icate 1 00 pi samples of the ethanol extract were dispensed into 
plastic tubes and dried under air,  as were d uplicate 1 00 pi sam ples of standard 
ethanol ic solutions of progesterone (P- 1 0 30 : Sigma Chemical Co . ,  St Louis ,  
Missouri , U .S .A . )  with concentrations corresponding to plasma progesterone 
levels of 0 .625-40 ng/m l .  A mixture contain ing antiserum (courtesy of  Dr  J .  T .  
France) a t  a final d i lution of  1 : 1 8000 (Tungsubutra & France, 1 978 ) ;  [ 1 , 2 , 6 ,  7-HJ 
progesterone(TRK 4 1 3 ,  Amersham,  Bucks, U . K . )  at 1 0000 c .p .m . / 1  00 pi ; 
phosphate-buffeted sal ine containing 0 .02 m-EDTA and 0. 1 %  gelatin (PBS-EG)  in 
the ratio of 1 : 1 :4  (by vol . )  was added (600 pi ) to each tube and vortexed . After 
overnight incubation at 4 C, 600 pi of 2 . 5 %  (WN) charcoal (Norit A; A . H .  
Thomas C o . ,  Philade lphia,  U . S .A . )  suspension in PBS-EG were added t o  the tubes, 
vortexed and then incubated at 4 oC for 1 0 minutes. Tubes were then 
centrifuged at 3000 g for 1 0 minutes at 4 oC. The supernatant was decanted 
into scinti l lation vials and 6 ml toluene-trition scinti l lation fluid added before 
counting for 2 minutes in a Beckman LS 7 500 scintil lation counter. 

Al l  samples were processed in a single assay for which the l imit of sensitivity 
for progesterone was 0 .06  ng/ml ,  and the intra-assay coefficient of variation was 
1 0 . 5 % .  

Mi lk oroaesterone . Progesterone concentrations were measured by direct 
radioimmunoassay, w ithout extraction using the method of Dobson et a l .  ( 1 9 7 5 )  
w hich had previously been val idated in this faculty by Lapwood (Mol ler e t  al . ,  
1 986 ) .  

Duplicate 20  pi a l iquot of  standard progesterone solutions (range 0-80 ng/ml)  
were evaporated to dryness under air, then 20 pi  ovariectomized cow 's mi lk  was 
added to each standard tube . After dispensing 20 pi  unknown mi lk  samples into 
assay tubes, 600 pi buffer containing rabbit anti-progesterone serum ( 1 : 3000; 
courtesy of Dr J . L .  France) and tritiated progesterone (8000 c . p . m . ;  
Radiochemical Centre , Amerham, U . K . )  was added to all tubes, mixed , then 
incubated overnight at 4 oC. After addition of 600 pi of 2. 5 %  (WN) charcoal 
( Norit A; A. H. Thomas C o . ,  Philadelphia . U .S .A . )  suspension in buffer ,  tubes were 
vortexed incubated for 1 0 minutes at 4 oC. The supernatant was decanted into 
scinti l lation vials and 6 ml  toluene-trition scinti l lation fluid added before counting 
for 2 minutes in a Beckman LS 7 500 scintil lation counter. 

Mean assay sensitivity was 0 .40 ng/ml .  The samples were run in one a ssay; 
and the intra-assay c oefficient of variation was 1 1 . 6 % .  

Statistical Analysis. 

Data were analyzed using The Panacea database management program ( PAN 
Livestock Services Ltd . Department of Agriculture, University of Reading, P.O. 
Box 236, Reading, Berkshire, England ) .  

Differences in mean concentrations of progesterone, and average intervals 
from the end of treatment to onset of oestrus and average duration of oestrus 
among groups were evaluated by analyses of variance. The proportional 
distributions of cows and heifers in oestrus at d ifferent periods post-treatment 
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were analyzed by chi-square. 
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RESULTS 

Trial 1 .  

Observations of oestrus and initial tailpaint raddles scores for each individual 
animal . 

The d istribution of animals with low ta i lpa int and raddle scores after fi rst being 
detected in oestrus was similar for all four groups (Ta ble 2 . 2) .  In  group 1 ( 1 5-day 
C IDR) ,  al l the heifers detected in oestrus had scores between 0 and 2 .  There 
were 2 animals which were fi rst classified as "stood when mounted ? " ,  but 
subsequently were c lassified as "mounted and stood wel l "  3 and 6 h later, and 
were scored 0 .  

I n  group 2 ( 1 0-day C IDR + PGF), al l heifers were detected in  oestrus, and had 
initial scores between 0 and 2 .  There were 2 heifers which had init ial scores of 
1 when classified as "stood when mounted ? " .  One of them was observed in 
oestrus 1 hr later, but now with score 0. The remaining heifer was again 
o bserved in  oestrus one day later which was 24 h after fi rst being scored 1 .  

In group 3 ( 2  x PGF) only 9 of the 1 0 heifers was observed in  oestrus. These 
9 animals had scores between 0 and 2 .  There were 2 heifers which were scored 
2 when they were classified as "stood when m ounted ? " .  However, when one of 
them was seen in oestrus 4 h later, it was scored 1 .  The remaining heifer was 
not in standing oestrus unti l 8 h later, and the score was 1 .  

I n  the control group (spontaneous oestrus) ,  8 out of the 1 0 heifers detected 
in oestrus had scores between 0 and 1 . The 2 remaining heifers each had an 
initial score of 3 at oestrus detection, but when next checked 4 h later the score 
was reduced to 0 .  

Patterns of onset of oestrus. 

The average interval from the end of treatment to onset of oestrus was not 
s ignificantly d ifferent among the three treatment g roups. 

Group 1 was 5 0 . 5  ± 7 . 1  h, vs 66 .0  ± 6 . 5  and 56.4 ± 8 . 1  h for g roups 2 
and 3 respective ly (Table 2.3) . The d ifferent d istributions of heifers in  oestrus at  
d ifferent post-treatment periods was not s ignificantly d ifferent (Figure 2 . 1 ) .  

The distribution of oestrus onset in  heifers i n  group 1 ( 1 5-day C IDR)  was:  
7 of 1 0 were first detected in oestrus between 30 and 5 5  h post-treatment .  The 
3 remaining heifers were first detected in oestrus between 56-68 ,  69-8 1 ,  a nd 9 5-
1 07 h post-treatment, respectively. 

In  group 2 ( 1 0-day C IDR + PGF): there were 3 heifers f irst seen i n  oestrus 
between 30 and 5 5  h post-treatment. Another 4 were first seen in oestrus 
between 56-68 h, a nd the 3 remaining heifers between 82 and 1 07 h post-
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treatment. 

In group 3 (2 x PGF) :  7 of the 1 0  heifers were first in oestrus between 30- 5 5  
h post-treatment. Another t w o  heifers were first i n  oestrus from 9 5- 1 0 7  h post­
treatment. The remaining heifer was not detected in oestrus until 8 days after the 
second injection of PGF had been given.  

Duration of the oestrus. 

The duration of oestrus was simi lar among the treatment groups and 
contemporary controls (the fi rst 1 0 heifers in oestrus within the period of 30- 1 07 
h post-treatment for treated heifers were taken as control oestrus) .  

In  group 1 i t  was 1 2 . 2  ± 0 .9 h, compared to 1 2 . 8  ± 1 . 5 h,  1 3 .0  ± 1 . 3 h ,  
and 1 3 .3  ± 1 . 1 h in groups 2 and 3 and the control group respectively  (Table 
2 .4) .  

Sexually active group and its composition.  

There were 5 7  heifers in  oestrus over a 6 day post-treatment period , but on ly  1 5 
d ioestrous heifers were involved in at least one SAG during this t ime. 

Four out of these 1 5 heifers were in a SAG during the night (observations 
made between 1 9 .00 and 05 .00) .  They showed no obvious riding activity, just 
vulva sniffing , chin rubbing,  a nd walking behind the heifers in oestrus. The 
remaining 1 1  dioestrous heifers were involved in a SAG during the day, a nd they 
were mounting animals in oestrus, but were never mounted themselves. 

Tai lpaint and raddle and mounting activit ies.  

In order to m ore c losely record the sequence of raddle and paint loss among 
heifers in oestrus, 3 SAGs were observed continuously for a period of 8 h. During 
this time all the heifers in a group were recorded for the incidence of m ounting 
and other activities, as well as  for removal of tail paint and raddle. 

Each observed SAG included 2 to 4 heifers in standing oestrus, with another 
3 to 4 heifers as riders, making from 5 to 8 animals in total .  When there w ere up 
to  8 to 1 0  heifers in the SAG , it  usual ly spl it after a short period of t ime i nto two 
groups. 

Close observation of these heifers in oestrus showed that after 3 to 5 m ounts, 
m ore than 70% of the raddle (score 0 and 1 )  was completely removed . H owever, 
the paint needed between 4 and 8 attempted m ounting sequences for at  least 
7 0 %  to be rubbed off. 

Trial 2.  

Observations of oestrus and initial tai lpaint scores for each individual ani mal . 

The d istribution of animals with low tai lpaint and raddle scores after being 
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detected in oestrus was similar for groups of cows (Table 2 .  5) . I n  group 1 ( 1 0-
day C IDR + PMSG; n = 1 0) only five cows were detected in oestrus. These cows 
had initial scores which were all between 0 and 2. The 5 cows which were not 
detected displaying signs of oestrus had scores between 4 and 5 .  

I n  group 2 ( 1 0-day C IDR + PGF; n = 1 0 ) ,  9 of the 1 0  cows detected i n  oestrus 
had scores between 0 and 2. However, 1 of these cows was scored 1 when it 
was seen riding one day before oestrus. 

In group 3 (2 x PGF; n = 9) ,  3 of 7 cows were insemimated before being 
detected in oestrus.  The other cows were detected in oestrus and the scores at 
oestrus were between 0 and 2 .  

I n  the control group (spontaneous oestrus; n = 1 0 ) ,  a l l  the cows detected i n  
oestrus had scores between 0 and 2 .  

Patterns of onset o f  oestrus. 

The average interval from the end of treatment to onset of oestrus was similar 
among the three treatment groups. lt was 6 8 .4 ± 23.4 h vs 7 0 . 5  ± 9 . 3  and 
5 9 .0 ± 9 . 8  h for Groups 1 ,  2 and 3 respectively (Table 2.6) . The different 
proportions of cows in oestrus and inseminated at different periods after 
treatment among the treated groups were not significantly d ifferent (Figure 2 .2) .  

The oestrous response for cows in Group 1 ( 1 0-day C IDR + PMSG)  was: 4 
cows were first in  oestrus between 43 and 5 5  h post-treatment. The remaining 
cow was in oestrus between 1 60 and 1 7 2 h.  The 5 cows which did not display 
behavioural signs of oestrus included 2 animals which had a corpus luteum 
identified by ultrasonography at scanning . I n  the remaining 3 animals, no 
response to treatment was observed.  

I n  Group 2 (1  0-day CIDR + PGF) :  4 cows were first in oestrus between 43 
and 5 5  h,  another 4 cows between 8 2  and 94 h ,  and the ninth cow between 1 08 
and 1 20 h .  On ly  1 cow did not respond to treatment, even though a small  CL 
was identified at scanning . 

I n  Group 3 (2  x PGF):  2 cows were inseminated between 30 and 42 h even 
though they had not been seen in oestrus; 1 cow was first in oestrus between 5 6  
and 6 8  h ,  another between 8 2  and 9 4  h .  The third cow which was inseminated 
before being d etected in oestrus was between 9 5  and 1 07 h .  The other 2 cows 
were first in oestrus between 69 and 8 1  h .  There were two cows which did not 
not respond to the second injection of PGF. In both cases, a large luteinized ( 1 8  
and 20 mm) fol l icle was identified by ultrasonogra phy at scanning at the 8th day 
post-treatment. 

Duration of the oestrus. 

The duration of the oestrus was simi lar among the treatment groups and 
contemporary c ontrol (the first 1 0 cows in oestrus within the period of 30- 1 7 2 
h post-treatment for treated cows were taken as control) . 
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In  g roup 1 it was 20.4 ± 2 . 1 h ,  compared to 1 7 .8 ± 0 . 9  h ,  1 7 .0 ± 1 . 2 h ,  
and 1 7 . 7  ± 1 .4 h in groups 2 and 3 and the control group respective ly (� 
2.7 ) .  

Sexually active group and its composition . 

There were 9 3  cows in oestrus and inseminated over a 7 day post-treatment 
observation period, but only 1 9  dioestrous cows were in at least one SAG . Eight 
out of these 1 9  cows were in a SAG during the night (observations made at 
2 1 .00 and 04.00) .  These cows were only sniffing vulvas, and walking behind 
other cows which were in oestrus. The remaining d ioestrous cows were involved 
in a SAG during the day, and activity included mounting of cows in oestrus. 

Tailpaint and raddle and m ounting activities. 

Two SAGs were observed continuously for a period of 8 h .  Al l  cows were 
recorded for incidence of m ounting and other activities, as well as for removal of 
tai lpaint and radd le.  

Each SAG usually included 1 cow in standing oestrus with another 2 cows as 
riders, making 3 in each SAG . Close observation of these cows in oestrus, 
showed that more than 70 % of the paint (score 0 and 1 )  was rubbed off after 8 
to 9 mounting attempts, compared with 6 or 7 for raddle remova l .  

Progesterone profiles. 

Plasma progesterone concentrations measured by R IA of cycling heifers which 
were compared with ta i lpaint and raddle scoring at the time of detection of 
oestrus are presented in Table 2 .8. 

Concentrations measured by RIA in milk from 6 cows which were not detected 
in oestrus were between 0 . 2  and 2 . 1  ng/m l .  The three cows in the 2XPGF g roup 
were 1 .8 ,  2 . 1 and 0 . 5  ng/ml ,  while the remaining 3 cows in the control g roup 
were 0 .2 ,  0 . 3  and 0 . 3  ng/ml .  
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DISCUSSION 

Tai lpainting and Raddle Scoring. 

The tai lpa inting and raddle technique combined with scoring and re-raddl ing gave 
a precise correlation of visual oestrus detection because those animals in oestrus 
were identified and the number recorded before or as well as checking the paint 
and radd le ,  w ith patterns in the onset of the oestrus in groups of heifers and cows 
synchronized with different treatments. 

The monitoring sequence using this technique was well correlated with oestrus 
detection by visual observation (Table 2 . 2) .  Some heifers had initial scores which 
were less than or equal to 3 when they were classified as " rid ing" and/or "stood 
when mounted ? " .  However, in all cases the score was reduced to 0 or 1 within 
8 h. This need not be a l imitation when relating this result to a practical 
management situation in a commercial herd, where oestrus detection and scoring 
may only be done once or 2 times each day. Bearing in mind that the tai lpaint 
and raddle system allows correct identification of those heifers suitable for correct 
detection of oestrus, it is worth noting another practical problem peculiar to 
synchronized heifers which was a lso solved by use of this technique . Namely, 
there are d ifficulties in accurately identifying the individual animals in oestrus in 
a group which has been synchronized , because many heifers are simultaneously 
in oestrus . Confusion occurs with the effects of the number of SAGs and the 
varied intensity of interactions involving m ounting and/or standing-to-be-mounted .  

In  cows, there was also a good correlation between this technique and visual 
oestrus detection. Six cows were not detected in oestrus. However, when they 
were eventual ly scored and inseminated based on paint and raddle rem oved ,  4 out 
of 6 becam e  pregnant from the fi rst artif icial i nsemination; 3 of these cows were 
in the 2xPGF group; the remaining 3 c ows were in the control group .  The 
concentrations of mi lk progesterone from these treated cows showed that 2 cows 
had levels a bove 1 ng/ml .  The result c oincided with the score g iven w hich was 
4 and 5 .  M oreover,  these cows were not pregnant at this insemination. The 
remaining treated cow had score 1 and was pregnant at this insemination.  
The concentrations of progesterone in mi lk for the 3 control cows not d etected 
in oestrus showed that in all cases the values were very low, confirming the data 
from the score g iven which was 0, 2 and 1 , a nd they became pregnant from the 
first insemination. There were no d ifferences between concentrations of 
progesterone in plasma from sam ples col lected from heifers at oestrus, and 
tai lpaint and raddle scores ranging 0 to 3 (Ta ble 2.8) . 

A previous report mentioned that a h igh proportion of cows were not d etected 
in oestrus after treatment with prostag la ndins (Roche, 1 976) .  The same result 
occurred in this study. One explanation may be that the incidence of prolonged 
oestrus after the treatment with PGF and its a na log ues could be more c ommon 
than after progesterone. 

The data from this study indicated that in synchronized animals, there is a precise 
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correlation of visual oestrus detection and ta i l painting and raddle technique .  lt 
therefore suggests that the use of this technique and visual observation could be 
successfully used in the correct identification of animals in oestrus. 

Although the system of ta i lpa int and raddle is suita ble for use with 
synchronized animals, it may be possibly less suitable for use this with animals 
which have not been synchronized or in situations with a lower degree of oestrous 
activity as with one cow in oestrus in a whole herd . However,  in the trial 2 of 
this study, the SAGs were normally composed of 2 or 3 cows at the same time. 
l t  suggests that the tai lpaint and raddle appears to be suitable even i f  a small SAG 
forms, but if no SAG forms, then it may be less reliable. 

Patterns of Onset of Oestrus. 

In heifers, the average interval from the end of treatment to onset of oestrus was 
similar among the treatment g roups (Table 2 . 3) ,  and the proportions of  heifers in  
oestrus after different treatments d id not differ significantly. However, in  heifers 
treated with a C IDR device for 1 5 days, there was a tendency for m ost of the 
heifers to be in oestrus in less than 48 h post-treatment. The same finding was 
reported in  a previous study (Macmil lan et al . ,  1 988c) .  U nexpectly, a similar 
proportion of heifers were in oestrus less than 48 h after treatment in the PGF 
group (Figure 2 . 1 ) .  

Heifers treated with a C IDR  for 1 0  days + PGF, had a spread in  synchrony, 
with most heifers in oestrus by 72 h post treatment. The response pattern for 
this group was close to the pattern in a previous study using a 7-day C I D R  + PGF 
( Macmil lan et a l . ,  1 98 8 b) . 

I n  Trial  2 ,  when the same treatments ( 1 0-day C IDR + PGF and 2 x PGF) were 
used in cows for oestrus synchronization, the average interval from the end of 
treatment to onset of oestrus did not d iffer to that for heifers. However, the 
response patterns for treated cows showed a delay of about 2 to 6 h, compared 
w ith heifers (Tables 2 . 3  and 2 . 6 ) .  The response patterns for cows treated with 
1 0-day C IDR + PGF were more concentrated into two periods of from 42 to 54 
and 8 1  to 93 h. However, cows treated with PGF 1 0  days apart were not well 
synchronized (Figure 2 .2 ) .  

I n  genera l ,  the data from this study indicated that the average interval to  oestrus 
was concentrated between 30 and 1 20 h after using different treatments for 
oestrus synchronization. This finding is in agreement with Roche and I re land . 
( 1 9 84), who concluded that synchronization systems can successfully  c ondense 
m ost oestrus events into a 3 to 5 day-period. Although there is no definitive 
explanation for this variation between treatments, especial ly when PGF is used , 
the following is offered as a possible explanation: 

N o  currently avai lable treatment programme can consistently produce perfect 
synchrony. The factors which influence this variation are :  the stage of the foll icle 
wave at the time of treatment (Macmil lan and Henderson, 1 984) , and the length 
of the pro-oestrus after treatment. This may be longer in cows than in heifers. 
There was a slower growth rate of foll icles in post-partum cows, suggesting 
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different patterns of fol l icular development (Savio et al . ,  1 990) .  This could 
partia l ly explain the wider spread in the onset of oestrus in cows treated with PGF 
in Trial  2 .  

Duration of the Oestrus. 

The mean duration of oestrus in heifers was similar among the g roups in this 
study (Ta ble  2 .4) . A simi lar finding was reported in a previous study using 
continuous observation (Donaldson et al . ,  1 968b) .  The mean duration of oestrus 
in cows was longer, but not significantly different among the groups in this study 
(Table 2. 7 ) .  A simi lar  result was reported by Ayalon and Wiss ( 1 9 70) ,  and 
Esslemont and Bryant ( 1 9 7 6 )  using observations every 8 h and c ontinuously ,  
respectively. However,  variation in the duration o f  the oestrus f o r  heifers and 
cows of different breeds has been reported by O 'Farrel ( 1 984a) ,  ranging from 9 . 2  
± 5 .  7 t o  20 . 3  ± 8 .4 hours. I n  this latter study, the duration of oestrus was very 
varia ble. This may be due to the frequency of observations, season of the year 
or presence of a bull (Wishart, 1 9 7 2 ) .  The im plications of the other components 
or factors associated with oestrous behaviour which could affect the duration of 
oestrus in cattle cannot be ignored .  

Sexually Active Group and its Composition. 

l t  is well known that cows in oestrus tend to congregate in an easi ly  identifiable 
group (Wil l iamson et a l . ,  1 9 7 2b) .  These SAGs are formed under spontaneous and 
synchronized oestrus situations. In this study, the characteristics of the SAGs 
were simi lar  to a previous report (Ki lgour et a l . ,  1 977) .  However, some 
d ifferences were found between heifers and cows. 

The SAG formed by cows when at pasture was mainly composed of cows in 
oestrus, pro-oestrus , a nd metoestrus. A few cows in dioestrus tended to be 
associated within this easily identifiable g roup. The numbers of cows in  dioestrus 
which were involved was less during night periods than daylight hours .  During 
the night periods of involvement by these d ioestrous cows, the sexual activity 
was only sniffing of the vulva , chin rubbing , and walking behind cows in oestrus, 
but not a ctively mounting cows. During daylight hours, however, cows in  
dioestrus tended to  become riders as  wel l .  

Although the SAGs formed by heifers also included a few animals in d ioestrus, 
these animals showed simi lar mounting activities to oestrus group members. 
However, the SAGs were composed of m ore heifers per group, and had great 
mobi l ity a bout the paddock. These SAGs were less stable and broke up to reform 
after short periods of t ime.  Sometimes there was so much socia l  excitement 
among heifers in large SAGs, it prevented the precise identification of heifers in 
oestrus by visual observation. 

The paint and raddle was rubbed off after fewer attempts involving m ounting in 
heifers than cows. This appears to be the result of different skeletal configuration 
associated with the degree of fat over the back bone, hips, and tail-head .  Heifers 
has a smother skeletal conformation than the lactating cows. 
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CONCLUSIONS 

Tai lpa inting combined with the use of an aerosol raddle, and scoring was 
effectively used in detecting oestrus in  synchronized animals. This technique 
a l lowed a precise correlation with oestrus detection by visual observation, and a 
successful comparison of patterns in  the onset of oestrus in g roups of heifers and 
cows synchronized with different treatments. Moreover, by using this technique 
it was possible to m onitor patterns of oestrus response within short periods of 
t ime after treatment, duration of oestrus between groups , and behaviourial 
interactions of animals forming SAGs. 

The practical application of tail painting and raddle scores can mean that when 
there is confusion ar ising from the size or the num ber of SAGs, and the varied 
intensity of interactions associated with m ounting and/or standing-to-be-mounted 
in groups of heifers which have been synchronized , animals in oestrus may sti l l  
be accurately identified with this technique.  Moreover, the inseminator can be 
sure that oestrus animals are being inseminated,  and the practit ioners can obtain 
precise information on treatment efficacy with d ifferent classes of cattle. 

The data from this experiment indicated that after using different treatments for 
oestrous synchronization, the occurrence of oestrus was concentrated between 
30 and 1 20 h .  In  the future, treatment programmes should focus on the study 
of fol l ic le wave regulation to reduce the variation in  the post-treatment interval to 
oestrus without loss in  ferti l ity. 



5 

0 -+---
30-42 43-55 56-68 69-81 82-94 95- 1 07 

Post-treatment interval after treatment (h) 

Fig u re 2 . 1 Distrib ution i nte rva ls  to  o n set of oestru s i n  g ro u p s  of 

h eifers wh ich  received d iffe rent  sync h ro n y  t reatments 

1 1 2  



3 
VI 
a 
E 
c: a 2 -
0 
"-
Cl> 

....0 
E :::J 

:z 1 

• G- 1 = 1 0-days CIDR + PMSG 

� G-2 = 1 0-day CIDR + PFG 

D G-3 = 2 x PGF 

30-42 43-55 56-68 69-8 1 82-94 95- 1 07 1 08- 1 20 1 60-1 72 

Post-treatment interval after treatment (h) 

Fig u re 2 . 2  Distri b ution in terva l s  to onset of oestrus  a nd/ or 

f irst i n s e m inatio n in  g ro u ps of cows w h ich  received 

differe n t  syn c h ro n y  treatme nts 

1 1 3  



Ta ble 2 . 1 Tailpaint and raddle scores at the time of initial oestrus 
detection among heifers included in Trial 1 .  

Treatment 

1 5 -Day C I D R  

1 0-Day C I D R  + 
PGF 

2 x PG F 

Control 

Number of heifers with tailpaint and 
raddle scores of 

0 1 2 3 4-5 Not in Oestrus 

7 1 2 0 

3 6 0 

2 5 2 1 

5 2 1 2 0 

1 1 4 



Ta ble 2 . 3  Average post-treatment interval t o  onset o f  oestrus i n  groups 
of heifers which received three different treatments to 
synchronize oestrus (Trial 1 ) .  

Treatment Interval to oestrus (Hour) 
Mean (SEMI 

1 5-Day C I DR 50 .5  (7 . 1 )  

1 0-Day C I D R  + 
PG F 

2 x PG F 

66 .0  ( 6 . 5 ) 

56 .4  (8 . 1 )  

1 1 5 



Table 2 . 4  Average duration of behavioural oestrus in each group of 
synchronized and control heifers. 

Treatment Duration of Oestrus (Hour) 
Mean (SEM) 

1 5 -Day C I D R  1 2 . 2  (0 .9 )  

1 0-Day C I DR + 
PG F 

2 X PGF 

Control 

1 2 .8  ( 1 .5 )  

1 3 .0  ( 1 .3 )  

1 3 . 3  ( 1 . 1 )  

1 1 6 



Table 2 .5 Tailpaint and raddle scores at the time of initial oestrus 
detection among cows in Trial 2 .  

Number of cows with tailpaint and 
raddle scores of 

1 1 7 

Treatment 0 1 2 3 4-5 N ot in Oestrus 

1 0-Day C I D R  + 4 1 5 
PMSG 

1 0-Day C I D R  + 4 3 2 
PG F 

2 X PG F 3 2 2 2 

Control 6 2 2 0 



T a ble 2 .6 Average post-treatment interval to onset of oestrus in groups 
of cows which received three different treatments to 
synchronize Oestrus (Trial 2 ) .  

T reatment Interval to Oestrus ( Hour) 

1 0-Day C I D R  + 
PMSG 

1 0-Day C I D R  + 
PG F 

2 x PG F 

Mean (SEM) 

68 .4 (23 .4) 

70 . 5  (9 . 3) 

59.0 (9 .8 )  

1 1 8 



Ta ble 2. 7 Average duration of behavioural oestrus in each group of 
synchronized and control cows. 

Treatment Duration of Oestrus (Hour) 

1 0-Day C IDR  + 
PMSG 

1 0-Day CIDR + 
P G F  

2 x PGF 

C ontrol 

Mean (SEM) 

20.4 (2 . 1 )  

1 7 .8  (0.9)  

1 7 .0 ( 1 . 2) 

1 7 . 7  ( 1 .4) 

1 1 9 



Table 2 .8 

Tailpaint and 
Raddle scores 

0 

2 

3 

Comparison between plasma progesterone concentrations 
(PPC, Mean (SEM); ng/ml} by radioimmunoassay and tailpaint 
and raddle scoring at the time of detection of oestrus in 
cycling heifers. 

Number of samples PPC 

5 0 . 5  (0. 1 )  

8 0.4  (0. 1 )  

6 0 . 3  (0. 1 )  

2 0 . 6  (0 . 2) 

1 20 
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CHAPTER 3 

CONTRO L L E D  B R E E D I N G  M ANAG E M ENT 

T H RO U G H  T H E  STRATEG I C  U S E  OF T H E  C I D R- 8  

I NT RAVAG I N A L  D EV I C E  

FO R COWS I N  H ER D S  WITH A D A I LY M I LK QUOTA 
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ABSTRACT 

This study was designed to evaluate a management system for such dairy herds 
which would reduce the time commitment for oestrus detection through control 
of the oestrous cycle,  and to minimize the variation in returns to oestrus after a 
second synchrony treatment. The oestrous responses to different dose rates of 
prostag landins (PGF) com bined with C IDR  devices in cycling animals, and the 
possible effects of treatment with progesterone on ferti l ity and plasma 
progesterone concentrations ( PPC) in cattle were also evaluated.  

Systems for oestrous synchronization have focused on treatment preceding first 
insemination . However, oestrus detection rates are commonly lower among 
inseminated animals which return to service than among the same animals 
preceding first insemination. Control of the oestrous cycle, in order to faci l itate 
detection of oestrus and minimize the variation in return to service intervals was 
evaluated in this study in which the basic programme was: i) a l l  cows which had 
calved at least 35 days and were identified to start the programme were 
examined; each cow had a C I D R  inserted and was tai l -painted ; ii) the C I DR's 
were removed 1 0  days later. and cycl ing cows were injected with either the 
recommended luteolytic dose of Estrumate or a ha lf dose. The non-cycl ing cows 
received an injection of PMSG (400 I U) ;  i i i )  all cows had raddle applied over the 
paint at device removal; iv) cows were inseminated on detected oestrus over the 
fi rst period of artificial insemination (AI ) ;  v) a used C IDR was re-inserted into each 
cow on day 1 7- 1 9 post-insemination, and tai l-paint re-appl ied; vi) the re-used 
C IDR 's were removed 6 days after insertion and the paint strips were re-raddled . 
The second period of AI on oestrus detection commenced a nd was completed 
within two days. 

In a herd with a year-round mi lking system, this programme meant that a new 
group of cows would enter the breeding schedule on every fourth wednesday. 
This time coincided with C I D R  re-insertion for cows from the previous month. 
I nsemination of the control cows commenced at the first oestrus from 45 days 
post-partum. 

The mean interval from Planned Start of Mating to first insemination was shorter 
in all treated groups in the three year-round calving herds (PSM; day 0 for 
treatment and control groups was taken as the day when a new C IDR  device was 
inserted into each cow in a new treatment group).  This d ifference was also seen 
in cycling early calvers from the a utumn seasonal herd . The mean interval from 
PSM to conception in year-round mi lking herds was significantly different between 
groups. Treated cows had fewer days open than controls, ranging from a 
d ifference of 5 .3 ,  6 . 3  or 1 4. 8  days between treated cows among the 3 individual 
herds with " 1 2  month" calving programmes. In this measure no difference was 
found between groups in seasonal mi lking herds. Conception rate to first 
insemination differed statistical ly between groups, but not for second 
inseminations. As a consequence, the mean number of services per conception 
also differed significantly between groups. 
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Only 8 . 5 %  of cows were d iagnosed as non-cycling in the year round herds, 
compared with 1 2 . 7 %  in  the seasonal herd. The proportion of cows inseminated 
after treatment was 5 3 %  in the year-round herds and 7 1 % in the seasonal herd . 
The percentage of cows detected in oestrus varied from 40 % to 6 3 % .  The mean 
interval from PSM to conception and the mean number of services per conception 
were significantly lower among the treated cows. 

The two periods of AI  were c oncentrated into 5-day synchrony periods in the 
treated g roups. Oestrous responses in the four farms averaged 7 6 %  in the 
treatment group, and d iffered significantly from the control group (63%;  P < 
0.00 1 ) .  There were 6 7 %  o f  the treated cows observed in  oestrus and 
inseminated within the first period of AI  (3 days) ,  with the highest proportion 
(32 % )  of these inseminations at 48 h after device removal .  The return to oestrus 
was synchronized in 8 5 %  of non-pregnant cows on days 2 2  to 25 after fi rst 
insemination. 

The average responses to the two doses of PGF at C IDR rem oval was 72% for 
half dose vs 68% for full dose . 

Plasma progesterone concentrations maintained by the used C I D R  at device 
removal was about 2 ng/ml in both groups of non-pregnant cows (C IDR/PGF and 
CI DR/PMSG) .  This declined to 0 .3  ± 0 . 1 ng/ml the morning after the re-used 
C IDR was removed . Progesterone concentrations of pregnant cows in both 
treated g roups were simi lar,  when the re-used C IDR  was removed and the day 
after (8 . 7  ± 0 .4 and 9 . 3  ± 1 . 1 vs 7 . 1  ± 0.4 and 8.4 ± 0 . 7 ,  respectively) . 

The C I D R  treatment together with an injection of PGF or PMSG significantly 
reduced the PSM to first A I ,  but this management advantage involving systematic 
control of the oestrous cycle was partly lost because of the lower ferti l ity, and 
because of mistakes relating to the interpretation of the tailpainting system which 
were frequently made by the owners. 
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INTRODUCTION 

Dairy farms in New Zealand can be broadly classified into two types; namely 
seasonal supply herds or "town mi lk  herds" .  Town milk herds operate an a " 
quota " system which requires that a designated quantity amount of mi lk must be 
produced every day. This mi lk is paid for at a higher rate than that received by 
the seasonal producer (Fielden et al . ,  1 980) .  To achieve this relatively constant 
output, cows are inseminated to calve throughout the year, particularly in the late 
summer, autumn,  and winter months .  This calving pattern is not associated with 
maximum " in situ " pasture uti l ization .  These farms must feed more crop, hay 
and si lage than seasonal supply farms (Brooks and Holmes, 1 988 ) .  Therefore, the 
costs for town supply production are higher. 

Reproductive performance in dairy herds has a major influence on the efficiency 
of milk production because it influences the synchrony between feed supply and 
demand, as wel l  as the percentage of each year during which a cow is producing 
milk. lt a lso influences the rate of genetic progress and cul l ing rates. Al l  these 
factors directly or indirectly affect profit . The calving interval depends on the 
calving to conception i nterval .  One frequently reads that a treatment programme 
may either reduce the interval from calving to fi rst i nsemination, or increase the 
pregnancy rate at that insemination. But, many of these apparently beneficial  
effects on individual components of reproductive performance fail to signif icantly 
reduce the mean interval from calving to conception . The solution to this critical 
problem relates to the development of either detection techniques or 
synchronization techniques which focus on returns to service (Macmil lan, 1 988 ) .  
Ideally, a synchrony system wi l l  be  one which can  at least maintain  normal 
ferti l ity, produce a high degree of synchrony, and be economical ly used to control 
the oestrous cycle before the first insemination, as well as before subsequent 
inseminations among those animals w hich return to service (Macmil lan, 1 988b; 
Odde, 1 990) .  

Inefficient oestrus detection has been found to  be a major factor contributing to  
calving intervals in  excess of  365 days i n  a l l  the recognised dairying industries in  
the world with a consequent reduction in  production and profit . Moreover, in 
herds with dai ly mi lk quotas, oestrus detection must be carried out throughout the 
year. This is a time-consuming tak, and it is d i fficult to mainta in the enthusiasm 
of the farm staff. Hence reproductive performance in such herds frequently 
suffers in comparison with seasonal calving herds (R. Morris, personal 
communication) .  For the dairy farmers using AI , the successful implementation 
of the breed ing programme depends to a large extent in accuracy of oestrus 
detection. Accurate oestrus detection in necessary to achieve a high submission 
rate, a compact breeding period in  seasonal herds, and optimum calving i ntervals 
in  year-round herds (O 'Farre l ,  1 984) . 

The introduction of tai l  painting for efficient breeding management in New Zealand 
has reduced d ifferences in  non-returns rates to first insemination associated with 
herd size, mainly because of a reduction in the incidence of detection errors in 
large herds. Moreover, the improved oestrus d etection has contributed to an 
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increase in non-returns rate ( Macmillan and Curnow, 1 97 7 ;  Macmil lan, 1 988b) .  

Synchronization of oestrus i n  dairy herd reproductive programmes has been used 
to test the effectiveness of two progestagen systems for the control of oestrus 
in normal and anoestrous cows, and to synchronize oestrus during each of 
seventeen 3-week breeding periods (Britt et al . ,  1 97 2) .  In order to concentrate 
oestrus detection and insemination into short periods of time, lactating dairy cows 
were treated with a progesterone-releasing intravag inal device (PR I D) for 7 -9 days 
combined with prostaglandin F 2 cc ( [PGF] ;  Folman et a l . ,  1 984; Smith et a l . ,  
1 986) .  The use of single o r  double injection system with PGF i n  a control led 
breeding programme has also been reported (Britt ,  1 9 77 ;  King at al . ,  1 983 ;  
Seguin et al . ,  1 983; Sudweeks and Randel ,  1 98 5 ;  Belschner, 1 986) .  

The most common procedures used in New Zealand to  condense the breeding 
programme in dairy herds involved a single injection of PGF g iven to cows that 
were in oestrus 7 to 1 6  days before treatment . This system was orig inally cal led 
the " Why Wait System " ( Macmillan, 1 986a ) .  The breeding programme can be 
further concentrated into short periods by using a c ontrolled internal drug release 
device (C IDR)  in some cows and PGF in others (Macmil lan, 1 986a) .  C IDR's were 
used after insemination in another trial , with device insertion from 1 4  to 1 7  days 
after artificial insemination (AI ) ,  and removal at 2 1  days after first insemination 
( Macmi l lan, 1 98 6a) .  C I D R 's have also been used for 9 days with PGF on day 7 
to synchronize oestrus for first insemination, and to synchronize returns to oestrus 
of non-pregnant animals (Van Cleeff et a l . ,  1 98 9 ) .  Dairy herd reproductive 
management systems using reproductive tract examination at 3 week interval ,  
with or without concurrent synchronization o f  oestrus with PGF was evaluated 
between treated herds, visited and unvisited control herds (Wash burn and Dai ley, 
1 987) .  

PGF had been administered to regulate the bovine oestrous cycle by  intrauterine 
(Shelton, 1 9 73; Louis et a l . ,  1 974; Moore , 1 97 5 ) ,  i ntramuscular (Lauderdale et 
a l . ,  1 974; Roche, 1 974; Hats et a l . ,  1 975 ) ,  intravaginal (Louis et al . ,  1 973) ,  or 
intravulvosubmucous routes (Ono et al . ,  1 982 ) .  S everal management systems 
have been investigated involving 1 or 2 injections of PGF at  various dose rates,  
w ith and without the detection of oestrus (Lauderdale,  1 97 2; Lauderdale et a l . ,  
1 9 74; Donaldson, 1 980; Donaldson et al . ,  1 982) .  

A functional corpus luteum (CL)  must be maintained for  up  to  approximately 21  5 
days of gestation before the placenta and/or adrenal i s  able to produce adequate 
a mounts of progesterone for the maintenance of pregnancy (Sachs, 1 984).  As 
a consequence, insufficient c irculating progesterone has been associated with 
infertility in cattle (Garverick and Smith, 1 986 ) .  The findings of previous studies 
of d irect progesterone supplementation in cows and their effects on increasing the 
pregnancy rates through increased embryonic survival rates suggest a tendency 
for progesterone supplementation to increase pregnancy rates of cows. This is 
particularly noticeable in repeat breeder or low ferti l ity cattle. Sreenan and Diskin 
( 1 983)  had shown no effect on pregnancy rate in  cows. However, others 
researchers found a positive effect on pregnancy rate (Wiltbank et al . ,  1 95 6; 
J ohnson et a l . ,  1 958;  Marcus a nd Ayalon, 1 98 1 ;  Shemesh et al . ,  1 98 1 ;  Folman 
et a l . ,  1 983;  Diskin and Sreenan, 1 986 ;  Macmil lan and Taufa, 1 987b; Robinson · 
et a l . ,  1 989;  Macmillan et al . ,  1 990a) .  In  this last study,  the beneficial effects of 
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progesterone supplementation were specific to the period from 6 to 8 days after 
insemination.  

The specific aims of this study were to evaluate a management system for dairy 
herds involving control of the oestrous cycle,  to reduce the t ime required for 
detection of oestrus and to consequently improve oestrus detection rate, by 
reducing the variation in  return to service intervals .  Other aims were to evaluate 
oestrous responses to d ifferent dose rates of prostaglandins combined with C IDR 
devices in cycling animals, and to determi ne the possible effects of treatment w ith 
progesterone on ferti l ity and plasma progesterone concentrations in  cattle . 
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LITERATURE REVIEW 

Dairy farms in New Zealand can be broad ly  classified into two types .  

a )  Seasonal Supply Herds.  

b)  "Town mi lk" herds. 

Town milk herds produce a year round supply of fresh l i quid mi lk,  cream,  and 
cultured food products (Baldwing , 1 98 9 ) .  The herd owners operate under a " 
quota " system which requires that a designated volume of mi lk must be produced 
every day. This milk is paid for at higher rate than that received by the seasonal 
producer (Fielden et a l . ,  1 980) .  To achieve this relatively constant output, cows 
are inseminated to calve throughout the year, particularly in the late summer, 
autumn and winter months. This calving pattern is not associated with maximum 
" in situ" pasture uti l ization. These farms must feed more crop, hay and si lage 
than seasonal supply farms (Brooks and Hol mes, 1 9 88) .  Therefore , the c osts for 
town supply production are higher. 

Nutritional and environmental factors which contribute to reduced 
reproductive efficiency may be more significant in these herds (Fielden et a l . ,  
1 980) .  In addition, a reduced emphasis on  breeding management i s  common in 
herds where cows are calving throughout the year, and breeding efficiency is not 
easily  monitored . The detection of oestrus is not restricted to a l imited intensive 
period as in seasonal herds, and few cows are in oestrus simultaneously .  
Moreover, a common reason for  the prolonged calving interval in these herds is 
failure to detect returns to service .  The cows which fail to conceive to a fi rst or 
second insemination can continue to be mi lked and have l ong lactations. This 
situation increases production per cow per lactation; but cows are less efficient 
in late lactation (Macmil lan, 1 985a ) .  

Reproductive performance in dairy herds has  a major influence on  the 
efficiency of mi lk production because it influences the synchrony between feed 
supply and d emand, as wel l  as the percentage of each year during which a cow 
is producing milk. lt a lso influences the rate of genetic progress and cul l ing rates. 
All these factors directly or ind irectly affect profitabi l ity. 

The calving interval (this specific term is defined as the period between 
consecutive calvings) depends on the calving to conception interva l .  One 
frequently reads that a treatment programme may either reduce the interval from 
calving to first insemination, or increase the pregnancy rate at that insemination. 
But, many of these apparently beneficial effects on individual components of 
reproductive performance fai l  to significantly reduce the mean interval from 
calving to c onception. The solution to this critical problem relates to the 
development of e ither detection techniques or synchronization techniques which 
focus on returns to service (Macmil lan, 1 988c) .  

The term " synchronization of  oestrus" has been routinely used to refer to 
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manipulation of the oestrous cycle in the interests of reproductive management. 
The term controlled breeding better fits the situation, since n ot al l  aspects of 
control led breeding a re d irected at obtaining synchronous oestrus and ovulation. 

Studies of Synchronization of Oestrus in Dairy Herd Reproductive Programmes. 

Britt et al . (  1 972) designed experiments to test the effectiveness of 
medroxyprogesterone acetate (MAP) and melengestrol acetate ( MAG) for the 
control of oestrus in normal and anoestrous dairy cows, and to synchronize 
oestrus in  dairy cows during each of seventeen 3-week breed ing per iods. The 
progestagens reduced the variation among herds in  the interval from calving to 
first service and average days open. They concluded that this system for 
control l ing oestrus could be beneficial as part of a total system to obtain a high 
reproductive rate in large herds. 

H igh yielding dairy cows were al located to a control group, or to one of 
two treatment groups for synchronization of oestrus in a large tr ial  by Folman et 
a l .  ( 1 984) .  The treatments were: i) inserting a progesterone releasing intravaginal 
device (PR ID)  for 7 days with 500 J.lg of a prostaglandin F2 a: (PGF) analogue 
injected 1 day before PR ID removal ;  or i i )  by administration of 500 J.lg of PGF 
followed 1 3  days later by a PR I D  inserted for 9 days. Fol lowing each oestrus 
synchronization reg ime, cows were inseminated during a fixed 6 day-period . A 
second PR ID  was inserted for 9 days into one-half of the cows of each treatment 
group 1 2 days fol lowing the fixed time insemination . Pregnancy rates at 25 days 
fol lowing the fixed time insemination and at 1 00 days after calving were greater 
in treatment groups than control groups. This indicated that the synchronization 
treatment, in  which observations for oestrus detection and inseminations were 
made only during 6 days out of each 3 weeks,  significantly increased the 
percentage of cows pregnant within 1 00 days of calving . 

King et a l . (  1 983)  indicated that a controlled breeding programme could 
have appl ication in dairy herds, but should be used with caut ion.  They found that 
the percentage of dairy cows which were inseminated and became pregnant 
during 42 days of the programmed breeding periods was n ot d ifferent from 
animals which have been routinely observed for oestrus and i nseminated when 
detected,  compared with animals inseminated at oestrus fol lowing a single 
i njection of PGF, or inseminated at a fixed time after two PGF treatment 1 1  days 
apart. H owever, in  the control group, some animals were not i nsemi nated. Their 
inclusion significantly reduced the overal l  pregnancy rate. 

Another experiment involved 3 herds in a reproductive management 
system (Seguin et a l . ,  1 983) ,  by combining selective use of PGF with 
i nsemination based on oestrus detection . Cows or heifers a ssigned to the 
experimental system were inseminated and become preg nant sooner than 
controls .  The pregnancy rates in  treated animals for first insemination were 
higher than in controls. Distributions of oestrous activity by day  of the week of 
inseminations were significantly affected by the exper imental management 
system .  Therefore, it was concluded that the routine use of PGF  i n  cycling cows, 
at weekl y  visits can improve reproductive performance and reduce the cost of 
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labour in oestrus detection. 

The use of a PA ID in combination with PGF for concentrating oestrus 
detection and artificial insemination (Al l  activities into 1 week out of every 3 was 
also studied in lactating dairy cows by Smith et a l .  ( 1 986) .  Oestrus detection in 
treated cows was increased , interval to fi rst AI was reduced , conception rate at 
fi rst AI was reduced and services per conception was higher than in control cows. 
Days open and percentage of cows pregnant before 1 20 days postpartum did not 
differ. 

Oestrus detection efficiency and conception rate at first insemination were 
compared in treated and control dairy cows, where animals with a corpus luteum 
(CL) were either injected with PG F or left untreated on a random basis (Sudweeks 
and Randel ,  1 985) .  Oestrus detection was significantly enhanced in the treatment 
group, but conception rate at first AI  was not affected by treatment. However, 
the final pregnancy rate was significantly greater in the treated group. 

Controlled internal drug release devices (CI DR)  were used for 9 days with 
PGF on day 7 in 4 trials to synchronize oestrus, to determine the effect of 
exogenous progesterone during week one post-insemination on conception rate, 
or to synchronize returns to oestrus of non-pregnant animals (Van Cleeff et al . ,  
1 989) .  I n  summary, 8 3 . 9 %  of heifers were i n  oestrus between 48-72 h after 
C I DR removal .  C IDR's may have had a positive effect on ferti lity between days 
1 7 -22,  and could be used to synchronize the interval of returns to service in non­
pregnant heifers. 

The most common procedure used in New Zealand to c ondense the 
breeding programme in dairy herds has involved a single injection of PGF with 
cows that were in oestrus 7 to 1 6  days before treatment (Macmillan ,  1 98 6a ) .  A 
single group or several groups of cows can be injected once as each g roup of cow 
reaches the seventh day of the cycle. This system was originally cal led the "Why 
Wait System " .  lt was used so that cows with premating heats in the 2 weeks 
before the start of artificial breeding which would otherwise have been 
inseminated in the second and third week of the breeding performance were 
inseminated in the fi rst 1 2  days of the programme. 

Breeding programmes can be concentrated even further into short periods 
by using C IDR's in some cows and PGF in others. In  one tria l ,  a l l  cows were 
initially tailpainted (Macmil lan, 1 98 6a ) ,  2 1  days before the start of a rtificial 
breeding. Every three days, those cows which had been bulling were repainted 
with the original paint colour. N ine days before the start of A I ,  those cows w hich 
had been bul l ing in the previous 9 days were repainted with a different col our. 
The remaining cows had a C I D R  device inserted for 7 days. Two days before the 
start of AI , C IDR's were removed and the repainted cows were injected with PGF. 
These regimes meant that 60% of the herd conceived during the first 6 days of 
the AI programme. Among the C IDR  treated cows detected in oestrus, 8 1 . 5 %  
were inseminated from 48 to 9 6  h after C I D R  rem oval .  No significant difference 
in pregnancy rate was found , being 6 3 %  in PGF treated cows versus 5 2 %  in 
CIDR treated cows. A submission rate of 9 2 %  was obtained in 6 days of a rtificial 
breeding . 
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C I DR's were used after insemination in another trial in 7 herds, with 
insertion being at periods from 1 4  to 1 7  days after AI ,  and removal at 2 1  days 
after fi rst insemination (Macmil lan et a t . ,  1 986 ) .  C IDR removal at 2 1  days after 
insemination caused 62 .4% of 1 8 6 re-inseminated cows to have a return interval 
of 23 or 24 days. These cows had a second insemination between 48 and 7 2 h 
after C IDR removal ,  whereas 6 3 . 2 %  in the control group of animals were re­
inseminated over the normal period of 1 8  to 24 days. There were fewer return-to­
service intervals of around 6 weeks in the treated group compared with controls 
(35-50 days; 8 . 2 %  vs 1 5 . 2 % ,  respectively) . This form of C I D R  treatment did not 
alter conception rates to second insemination for treated and control cows 
(67 .4% vs 63. 2 % ,  respectively.  The trial showed that the C I D R  device as a post­
insemination treatment can substantial ly reduce variation in return to service 
intervals.  

One seasonal herd with l ow fertil ity indices was selected to test a regimen 
including synchronization of oestrus a nd fixed time insemination using PGF ( 1 1  
days apart) together with pregnancy diagnosis using a progesterone assay in mi lk, 
in samples collected 23-24 days after insemination (Eddy, 1 983) .  The interval 
from calving to conception and the cul l ing rate were reduced , and the conception 
rate was improved . 

PGF products (Cioprostenol and Lutalyse) were used in a clinical trial 
consisting of biweekly herd health visits to six dairy herds. The objective was to 
reduce time for oestrus detection (Belschner, 1 986 ) .  All cows were palpated and 
PG F injection was given if a CL was present. The results of the programme were 
compared with historical data from the preceding 1 2-month period. A reduction 
in days open and services per c onception, and increased conception rate at first 
AI were obtained . In addition the cull ing rate was reduced . 

A model for using PGF treatment in dairy herds was described by Britt 
( 1 9 7 7 ) .  The model utilized a scheme of grouping all cows w hich calved in a 3 
week period and treating them as a single management unit. Cows fail ing to 
conceive at the timed AI wil l  usually return to oestrus about 3 weeks later. 

A dairy herd reproductive management system using reproductive tract 
examinations at 3 week intervals ,  with or without concurrent synchronization of 
oestrus w ith PGF was evaluated . Cows in treated herds, were injected when they 
were more than 40 days postpartum . Also, PGF was g iven to cows after 82 days 
postpartum if they were not observed in oestrus in control visited herds. This 
management system was evaluated for a period of 6 months in treated herds, 
visited control herds and unvisited control herds (Washburn and Dailey, 1 987 ) .  
Routine synchronization of  oestrus d id  not enhance herd reproductive efficiency 
com pared with no synchronization of oestrus in the visited herds. 
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Management Systems for Synchronization of Oestrus in Cattle utilizing PGF at 
Various Dose Rates. 

Since 1 97 2 ,  when it seemed that the luteolytic property of PGF  could be used to 
synchronize oestrus and ovulation in  various species including cattle, several 
management systems have been investigated involving 1 or 2 injections of PGF 
at various d ose levels, or d ifferent routes of administration .  PGF has been 
administered to regulate the bovine oestrous cycle by intrauter ine (Shelton , 1 973;  
Tervit et  a l . ,  1 973;  Louis et  al . ,  1 974; Moore , 1 9 75 ) ,  intramuscular (Lauderdale 
et al . ,  1 9 74; Roche, 1 974; Hats et al . ,  1 97 5 ) ,  intravaginal ( Louis et al . ,  1 973) ,  
or  intravulvosubmucous routes (Ono et  a l . ,  1 9 82 ) .  

In  one of these studies, cows with a palpated CL  were subjected to  an  
intravulvosubmucous injection of  PGF at  3 different doses (Ono et  al . ,  1 982 ) .  
Oestrous response and  subsequent fertil ity were compared for  d ifferent doses. 
No difference was found in the proportions of cows showing oestrus w ithin 3 
days after each treatment, and the pregnancy rates 60-90 days post insemination 
were similar among the various doses of PGF .  In a second study, heifers and 
dairy cows were subjected to an intravulvosubmucous injection of PGF at Y2 and 
Y. of the dose usually g iven by intramuscular injection. Two i njections of PGF 
were administered 1 1  days apart to the animals not detected in oestrus after a 
single injection. The difference in the mean interval from injection to the onset 
of the oestrus between groups was not significant. 

Lauderdale ( 1 9 7 2) and Lauderdale et a l . (  1 974) have described management 
systems w hich involved 2 injections of PGF at an 1 1  day i nterval with cycl ing 
cattle .  lnseminations were made after detection of oestrus or w ith inseminations 
at approximately 80 h after the second injection.  The dose range was 0 ,  5 ,  1 5 , 
2 5 ,  or 35  mg of PGF per injection. There was no d ifference i n  oestrous response 
to the 1 5 , 2 5 ,  or 3 5  mg doses of PGF.  

A synchronization system used by Donaldson ( 1 980) i n  Austral ia was a 1 0 
day management system ,  using twice-dai ly oestrus detection and an injection of 
PGF on day 5 of the breeding programme in  cows which w ere not detected in 
oestrus, and were not inseminated during the first 5 days. There were no 
differences between d ose rates of PGF (8, 1 5 , 20 mg) in in it iating an oestrous 
response with this system. 

I n  a later trial ,  2 dose rates of PGF ( 1 2 . 5-mg, 25-mg )  and 2 management 
systems for the synchronization of oestrus in cattle were compared in  3 dai ry and 
beef heifer herds (Donaldson et al . ,  1 982 ) .  No d ifference was found in oestrous 
response between herds or breeds, or in the oestrous response produced by the 
two d oses of PGF. The 1 0 day, 1 injection management system produced a 2 1  % 
better oestrus response than that produced by the 2 inject ion system ( 1 1  days 
apart) .  The i nterval from injection to oestrus after 1 PGF injection was shorter 
than after 2 PGF i njections. 

These reports show that selective use of a reduced dose of PGF ( Yz of the 
dose) could be effective for the regression of the CL and be m ore economical . 
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Effect of Treatment with Progesterone on Fertility. 

Normal luteal function is essentia l  for establ ishment and maintenance of 
pregnancy in cattle (Estergreen et a l . ,  1 9 6 7 ) .  A functional CL must be ma intained 
for up to approximately 21 5 days of gestation before the adrenal and/or placenta 
is able to produce adequate amounts of progesterone for the maintenance of 
pregnancy (Sachs, 1 984) .  As a consequence, insufficient circulating progesterone 
has been associated with infertil ity in cattle (Garverick and Smith, 1 98 6 ) .  
Premature luteolysis during gestation usua l ly results i n  abortion, except i n  species 
in which the placenta becomes the major source of progesterone (Auletta et a l . ,  
1 988) .  Systemic progesterone concentrations early after insemination may 
(Hansel et  al . ,  1 9 78;  Lukaszewska and Hansel , 1 9 80) or may not (Echternkamp 
and Maurer, 1 983)  be  related to pregnancy maintenance . In  addit ion, 
progesterone concentration dur ing the pre-breeding oestrous cycle may be 
involved in pregnancy maintenance ( Folman et al . ,  1 973; Fonseca et a l . ,  1 983 ) .  

The increase of progesterone has  been reported to be simi lar between days 
4 and 8 of the oestrous cycles in  cycl ing animals,  and inseminated cows w hich 
were subsequently confirmed pregnant or  w hich returned to service (Lamming et 
al . ,  1 989) .  She mesh et a l .  ( 1 968)  also reported similar plasma progesterone 
concentrations during days 1 0 to 1 8  after ovulation in cycling and inseminated 
cows whether the latter were pregnant or not .  In  contrast, other  reports 
mainta ined that pregnant animals have higher concentrations of progesterone than 
cycl ing animals, and that the increase of progesterone started on day 1 4  of the 
oestrous cycle and continued until day 1 8  of the cycle (Hansel , 1 98 1 ) , or  started 
as early as day 9 of the cycle (Henricks et a l . ,  1 97 2) .  

Because this inferti l ity contributes to reproductive losses in dairy cattle 
reproduction (Diskin and Sreenan, 1 986 ) ,  several attempts have been made to 
improve pregnancy rates with the use of progesterone directly, such as in the 
form of oral administration, injections, implants, sponges, and controlled releasing 
devices. Others have used ind i rect methods (or luteal stimulation) where certa in  
antiluteolytic substances have been administered to increase or  mainta in  luteal 
function. Both d irect and indirect treatments have been carried out at varying 
times following insemination in order to i ncrease c onception rates; most of the 
treatments have been g iven at the time of in it iation or during the luteal phase of 
the oestrous cycle.  Some of the treatments have also been g iven at or 
immediately after insemination. 

I ndirect supplementation of progesterone can be g iven in  the form of 
substances such as human chorionic g onadotrophin (HCG),  and gonadotrophin 
releasing hormone (GnRH),  which cause luteal stimulation and/or result in 
accessory CL  formation. These treatments have sometimes been shown to 
increase peripheral progesterone concentrations d uring the luteal phase of the 
oestrous cycle in cow. In some situations these treatments have tended to result 
in an improvements of the female reproductive performance. Treatment with 
HCG can be luteotrophic in the bovine and have therefore been used to stimulate 
luteal function in the early post-insemination period (Holness et a l . ,  1 98 2) ,  or 
when HCG is  administered during the early or mid-luteal phases as a luteotrophic 
substance. Therefore, the effect of the HCG treatme nt influences pregnancy rate, 
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e ither directly or indirectly through an increased production of progesterone. This 
treatment has also been used at around the t ime of luteolysis to supplement the 
action of a possible inadequate luteotrophic or antiluteolytic signal from the 
developing embryo (Christie et al . ,  1 9 7 9 ) .  Treatment with HCG in cattle 
sometimes produce small improvements in conception rates (Holness et al . ,  1 982;  
Greve and Lehn-Jensen, 1 982;  Santos-Valadez,  1 98 2; Sreenan and Diskin, 1 983 ;  
Helmer and Britt, 1 98 G; Lewis et al . ,  1 990) .  

The administration of  GnRH is  another method that has been used to 
increase conception rates possibly, by reducing early embryonic mortality. 
Treatment has been g iven at the time of insemination and also post-insemination.  
l t  has a lso been used to increase ferti l ity in  cows (lee et a l . ,  1 983;  Macmil lan and 
Taufa , 1 983; Aboui-Eia and E I -Keraby, 1 98G ;  Macmil lan et al . ,  1 98 Gb; Phatak et 
a l . ,  1 98G ) .  However, latest reports do not support the use of GnRH 1 5  days after 
AI (lewis et al . ,  1 990),  by altering either t iming of AI or hormone injection relative 
to the onset of oestrus (Mee et al . ,  1 990) as method to enhance conception rates 
in dairy cattle. The exact mode of action that GnRH has in increasing ferti l ity is  
not known. l t  may possibly produce dose-related increases in serum 
concentrations of LH in cattle (Fernandes et a l . ,  1 9 78 ;  Macmil lan et al . ,  1 985d ) .  
The action of GnRH when administered during the mid-luteal phase of  the 
oestrous cycle after insemination is to stimulate the function of the CL either 
d irectly or indirectly ( Macmil lan et a l . ,  1 98 5c ;  McMil lan et al . ,  1 98G ) .  GnRH has 
been shown to increase the length of the oestrous cycle through prolonging the 
l i fespan of the CL, and progesterone production. This increases the probabil ity 
that maternal recognition of the presence of a developing embryo will occur 
( Macmil lan et al . ,  1 98 Gb). The injection of GnRH during dioestrus in cows has 
a lso been shown to influence CL  and progesterone synthesis, but the precise 
action of the drug has not been defined ( Macmi l lan et al . ,  1 985c) . Low-dose 
GnRH treatment may produce an effect which m od ifies the induced luteolysis 
( Macmil lan et al . ,  1 985d ) .  Alternatively, the GnRH treatment may produce an LH 
release which has a luteoprotective effect ( Mc Mil lan et al . ,  1 98G) .  

The findings of  previous studies of  direct progesterone supplementation i n  
cows and its effects o n  increasing the pregnancy rates through increased 
embryonic survival rates suggests a tendency for progesterone supplementation 
to increase pregnancy rates of cows. This is  particularly noticeable in repeat 
breeder or low fertil ity cattle. Sreenan and Diskin  ( 1 983)  had shown no effect on 
pregnancy rate in cows. However, others researchers found a positive effect on 
pregnancy rate (Wiltbank et a l . ,  1 95 G; Johnson et a l . ,  1 958;  Marcus and Ayalon, 
1 98 1 ;  Shemesh et a l . ,  1 98 1 ; Folman et a l . ,  1 983 ;  Diskin and Sreenan, 1 98 G; 
Macmil lan and Taufa , 1 98 7b; Robinson et a l . ,  1 989 ;  Macmil lan et a l . ,  1 990a) .  
I n  this last study, the beneficial  effects of progesterone supplementation were 
specific to the period from G to 8 days after insemination. 
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Anoestrum. 

Postpartum anoestrum and oestrus detection efficiency are the major factors 
affecting rates at which cows in seasonal dairy herds are submitted for artificial  
insemination ( Macmil lan and Watson, 1 973 ) .  I mproved oestrus detection through 
the use of tai lpa inting has emphasised the impact of anoestrum on a seasonal 
herd 's breeding programmes, as for example in New Zealand (Macmi l lan ,  1 988b) .  
N on-cycling cows with no post-partum ovarian activity have extended calving 
intervals in  year-round herds. Therefore, it affects production per cow per year 
and production per lactation.  This condition is the major factor c ontributing to 
differences in  submission rates (SR) in seasonal ly calving da iry herds.  SR is 
defined as the percentage of cows in a herd presented for insemination dur ing a 
period of time in  the AI programme. Therefore, a successful treatment for 
prolonged postpartum anoestrum would be a major breakthrough in the 
reproductive management of these animals because high SR 's  a re required to 
maintain concentrated calving patterns (Jubb et a l . ,  1 989) .  

A wide range of treatments have been used with these anoestrous cows 
in an attempt to induce oestrus and ovulation. They include injections of vitamins 
and minerals, utero-ovarian massage and hormonal treatments w ith oestrogen or 
GnRH (Macmil lan and Day, 1 987a) .  Some recommendations have included the 
adjustment of calving date to suit pasture growth patterns, early mating of maiden 
hei fers, better feeding of younger cows during the postpartum period, and 
inducing cows to calve close to the start of the calving season ( Macmil lan and 
Day, 1 987a) .  The association of stress with high production levels in early 
lactation, combined w ith reduced appetite and loss in body condition contribute 
to a period after calving when there is no normal ovarian activity producing 
oestrus and ovulation.  Moreover ,  this condition can be increased by underfeeding 
both before and after calving or by diseases ( Macmillan and Day, 1 98 7 a ) .  

One early report showed that treatment with a progestagen sponge for 7 days, 
and 1 000 IU of PMSG at sponge removal produced a 4-week pregnancy rate of 
3 8 %  (Fielden et al . ,  1 9 76) .  The initial tria l  which used a C IDR  device for 7 days 
w ith PMSG at rem ova l ,  demonstrated an increased incidence of oestrus within 7 
days of C IDR remova l .  lt was 8 5 %  in treated cows vs 2 2 %  for control cows 
being detected and inseminated within 1 4  days after initial d iagnosis . The fertility 
of the post-treatment oestrus was normal ( Macmil lan and Day, 1 98 7 a ) .  

A second tria l  compared the use o f  a C I D R  device for 7 o r  1 0  days,  using 
the same dose of PMSG at C IDR  removal .  Results showed that the oestrous 
response and pregnancy rates were similar in both treated groups, w ith 7 7 %  and 
5 9 %  in 7 day C IDR g roup vs 7 5 %  and 3 7 %  in the 1 0  day C I D R  group. The 
conception rate in untreated cows was 70 % (Macmil lan et a l . ,  1 990) . 

This trial  also demonstrated that anoestrous cows which fai led to respond 
to the C IDR/PMSG treatment should be re-examined about 1 4  days after C IDR 
removal ,  and then d ifferential ly treated either with PGF (if they had ovulated) ,  o r  
re-treated with a new or previously used C IDR plus PMSG at  device removal .  
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Oestrus Detection. 

Ineffic ient oestrus detection has been found to be a major factor contributing to 
calving intervals in excess of 365 days in  al l  the recognised dairying industries in  
the world , with a consequent reduction in  production and profit. For  the dairy 
farmers using AI ,  successful i mplementation of the breeding programme depends 
to a large extent in accuracy of oestrus detection. Accurate oestrus detection is 
necessary to achieve a high S R ,  a compact breeding period in  seasonal herds and 
to maintain an optimum calving interval d istribution in  year-round herds ( O ' Farrel , 
1 984) .  The consequences of inefficient oestrus detection and the importance of 
optimum calving intervals have been wel l  documented (Esslemont, 1 974; Foote , 
1 975 ;  Stevenson and Britt, 1 9 7 7 ) .  The importance of having a high SR ,  which 
is in  turn dependent on thorough and accurate detection of oestrus has been 
reported for a single, seasonal ly concentrated calving peri od (Macmil lan,  1 988b) .  

The economic impl ications related to oestrus detection have also been 
reported (O itenacu et a l . ,  1 98 1 ;  Bai l ie,  1 982 ) .  Wil l iamson et al . ( 1 972 )  showed 
how extended calving intervals may be the result of problems with oestrus 
detection rather than because of anoestrus cows. I nter-service interva ls g reater 
than 38 days are common, even in herds with reproductive mana gement 
programmes (Washburn and Dai ly, 1 987 ) .  However, in one study it was 
concluded that the herd health management programme significantly improved the 
recorded occurrence of oestrus (N .  Wi l l iamson, personal communication) .  

lt i s  essentia l  that herdsmen should be famil iar with signs of oestrus, so 
that they can accurately select cows w hich are in oestrus. lt is defined as that 
per iod during which a cow wi l l  stand to be ridden by her mates or by a herd sire. 
Mounting behaviour of dairy cattle varies with the stage of the oestrous cycle,  
type of animal , status and number of animals simultaneously in  oestrus. These 
oestrous cows tend to congregate together, forming sexual ly active groups which 
are restless and move throughout the herd, with other cows joining or leaving 
them (the riding activity increases within the g roup) . On many farms, especia l ly 
in  large herds, there are major d i fficulties in  implementing m ore effective oestrus 
detection, a nd as a result many oestrus periods are missed (Macmi l lan, 1 98 5b) .  

Fai lure to improve the rate of detection of oestrus is  the most significant 
factor frustrating improvements in reproductive efficiency. For this reason, the 
challenge is to produce a s imple inexpensive detection method to attract the 
attention of stockman towards animals m ost l i kely to be in  oestrus. This system 
should allow animals to be d i stinguished (visual ly if possible) from those which are 
pregnant, have recently calved , or have recently been inseminated (Macmil lan, 
1 988c) . 

The introduction of ta i lpa inting for efficient breeding management i n  New 
Zealand has reduced differences in non-return rates to f irst insemination 
associated with herd size , mainly because of a reduction in  the incidence of 
detection errors in large herds. Moreover, the improved oestrus detection has 
contributed to an increase in non-return rates (Macmil lan and Curnow, 1 97 7 ;  
Macmil lan, 1 988b).  



OBJECTIVES 

The objectives of the proposed experiment were: 

a )  To evaluate a management system for 
dairy herds involving c ontrol of the 
oestrous cycle, to reduce the time 
commitment required for detection of 
oestrus and consequently i mprove 
oestrus detection rate , and to reduce 
the variation in return to service 
intervals .  

b )  To evaluate oestrous responses to 
different d ose rates of  prostaglandins 
combined w ith C IDR devices in cycling 
animals, and the possible effects of 
treatment with progesterone on 
ferti l ity and plasma progesterone 
concentrations in cattle . 
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MATERIALS AND METHODS 

The study was carried out in four commercial (4) town-supply dairy herds in the 
Manawatu area of New Zealand. l t  involved the use of controlled internal drug 
release devices ( Eazi-Breed C I D R1m-B,  Carter Holt Harvey Plastic Products, 
Hamilton. N .Z . ) .  Each device consisted of a si l icone elastomer impregnated with 
1 .9  g progesterone . This was combined with the strategic use of PGF ( Estrumate, 
Coopers, Upper Hutt . N .Z . )  and Pregnant Mare Serum Gonadotrophin (PMSG, 
Fol l igon, lntervet Chemavet Distributors Ltd , Auckland . N .Z . ) .  

Experimental Design . 

The following protocol was used with the treatment group in each herd : 

Day 0:  Wednesday, All cows which had calved at least 35 days and were 
identified to start the programme were examined by an experienced veterinarian 
before being randomly divided into three sub-groups (defined below ) ,  based on 
calving date . Each cow had a C IDR  device inserted and was tai l-painted .  

Day 1 0 : Saturday, C IDR 's were removed . The cycl ing cows (ovaries of 
good size and with palpable structures) were injected with either the 
recommended luteolytic dose of Estrumate (500 J.lg i .m .  Estrumate , group TF) or 
half the dose of PGF (250 J.lg i . m .  Estrumate , group TH) .  Raddle was appl ied over 
the ta i lpaint .  The non-cycling cows (ovaries were small, hard and without any 
palpable structures) received PMSG dose (400 I . U .  i .m .  Fol l igon) , plus raddle over 
the paint strip .  

Day 1 2- 1 4: Monday-Wednesday. Cows were inseminated on detected 
oestrus. lt was expected that 80-90% of cows would be inseminated during 
these 3 days . 

Day 28:  Wednesday. A used/washed/stored CIDR was re-inserted i nto 
each cow, and tai l paint re-applied .  

Day 33: Tuesday.  C IDR's were removed and the paint strips were a lso  re­
raddled . 

Day 35-36: Thursday-Friday. The second period of artif icial insemination 
on oestrus detection commenced and was completed within two days. 

In a herd with a year-round milking system ,  this programme meant that a 
new group of cows w ould enter the breeding schedule on every fourth 
Wednesday. This time coincided with C IDR re-insertion for cows from the 
previous month ( Figure 3. 1 ) .  

This regimen started on three farms in the same month; the fourth farm 
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started at a d ifferent time because it had cows calving only for a restricted per iod 
each a utumn and spring . The study period in  each farm was 1 0  months, with a 
half of the cows being in  the treatment group. 

Experimental Procedure. 

This regimen was designed to improve oestrus detection, by reducing time spent 
on this task, by producing less variation in  the post-treatment interval to oestrus, 
by stimulating a ferti le oestrus in anoestrous cattle, and by developing a method 
by which most of the cows in the herd would conceive within a defined interval 
postpartum .  Reproductive and producti on records were collected for this per iod 
of time.  

I n  this treatment regime, al l  the cows entered the study when they were 
between 45 and 72 days postpartum , and at  a fixed date in  a 4-weekly cycle .  
The treatment started when treated cows were examined at 36 ± 7 days 
postpartum . Control cows were also exam ined rectal ly to determine the progress 
of uterine involution and the nature of ovarian structures. 

Throughout the experiment, treatment and control cows were observed for 
signs of oestrous behaviour twice dai ly at a pproximately 1 2  h intervals, with each 
observation period lasting at least 20-30 minutes in  conjunction with ta i lpainting 
(Macmil lan et al . ,  1 988a ) .  Observation periods did not coincide with feeding a nd 
mi lking . Pa int and raddle of different colours were used to identify individual  
groups of cows. 

Although oestrus was defined as that period during which a cow stood to 
be ridden by herd mates or by a herd sire, they were also considered to be or have 
been in  oestrus when the paint and raddle were rubbed off (observation periods 
during mi lking ) .  All cows with loss of paint and raddle,  or displaying oestrus were 
i nseminated . 

Following detection of oestrus, both treatment and control groups were 
inseminated in accordance with normal  farm practice ( ie. artific ia l  insemination 
normal ly on the morning after first detection).  

Diagnosis of pregnancy was by rectal palpation of the uterus at a bout 6 
weeks fol lowing the insemination date . 

Control Grouo. 

The cows were managed and inseminated fol lowing to standard procedures used 
in each herd . Insemination of the control cows commenced at the first oestrus 
from 45 days postpartum. 

Cows in  the control group which were not observed in  oestrus by day 1 20 
postpartum and cows that failed to conceive from previous inseminations were 
examined , and then treated appropriately. 
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Progesterone Determination. 

Three blood samples were col lected for progesterone assay. Ten ( 1 0)  ml  of blood 
was collected by coccygeal venipuncture into heparinized tubes (N I  PRO-New Tube 
System , Vacuum Blood Col lecting System,  Nissho Corporation,  Osaka Japan) . 
Samples were centrifugated within 3 h at 3000xg for 20 minutes, and plasma 
collected and stored at -20 °C for subsequent assaying for progesterone . 

The summary of the blood sampl ing regime is  as fol lows: 

i l sample 1 was taken when a new C I D R  was 
removed; 

i i) sample 2 was taken when the re-used C I D R  was 
removed; and 

i i i )  sample 3 was taken at the morning after the re-used 
C IDR  was removed .  

This strategic sampling sequence was used to check the vanat1on in  
progesterone concentrations at  critical stages during the treatment programme.  

Hormone Assay. 

Plasma concentrations of progesterone were measured by the method of Kirwood 
et al . ( 1 984) .  

Determinations were made on 500 JJI sub-samples from each original 
plasma sample.  They were extracted with 5 ml  toluene:hexane ( 1  :2 v/v ) .  The 
solvent-plasma was frozen overnight, and the solvent supernatant then decanted 
into clean tubes, dried under air  and redissolved in  500 JJI ethanol .  Dupl icate 1 00 
J.ll samples of ethanol extract were dispensed into plastic tubes and dried under 
a ir ,  as were dupl icate 1 00 J.1l samples of standard ethanol ic solutions of 
progesterone (P-1 030: Sigma Chemical Co . ,  St Louis, Missouri, U .S .A . )  with 
concentrations corresponding to plasma progesterone level ;  of 0-20 ng/ml .  A 
mixture containing antiserum (courtesy of Dr  J .  T .  France , National Women's 
Hospital ,  Auckland ,  New Zealand) at a f inal  d i lution of 1 : 1 800 (Tungsubutra & 
France, 1 978) ;  [ 1 ,2 ,6 ,  7-HJ progesterone (TR K  4 1 3 ,  Amersha m ,  Bucks, U . K . )  at 
8000 c .p .m./1  00 JJI; phosphate-buffered saline containing 0.02m-EDTA and 0 . 1 % 
gelatin (PBS-EG) in the ratio of 1 : 1 :4 (by vol . )  was added (600 J.ll} to each tube 
and vortexed. After overnight incubation at 4 °C, 600 JJ1 of 2 . 5 %  (WN) charcoal 
(Norit A; A.H.  Thomas Co. , Phi ladelphia, U .S .A . )  suspension in PBS-EG were 
added to the tubes, vortexed and, then incubated at 4 °C for 1 0 minutes. Tubes 
were then centrifugated at 3000xg for 1 0 minutes at 4 °C . The supernatant was 
decanted into scintil lation vials and 6 ml toluene-trition scinti l lation fluid added 
before counting for 2 m inutes in  a Beckman LS 7 5 00 scinti l lation counter .  

Assay sensitivity was 0 . 0 8  ng/ml .  Intra-assay CV's were 1 6% ,  1 2 . 1 , and 
1 0 . 5 ,  and inter-assay CV's were 1 3 . 7 % ,  8 . 9 ,  and 1 1 %  for plasma pools 
containing mean progesterone concentrations of 2 . 5 ,  5 . 8 ,  and 1 0 . 9  ng/ml ,  
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respectively (N = 1 2) .  

Statistical Analysis. 

Data were analyzed using the Panacea database management program ( PA N  
Livestock Services Ltd . Department o f  Agriculture , University o f  Read ing , P . O .  
Box 236,  Reading , Berkshire , England ) .  

Variation in the degree o f  synchronization of  oestrus among groups was  
eva luated by Chi-squared analysis .  Oestrous responses to  treatment were 
eva luated and grouped by percentage of cows inseminated each day during 1 -2-3 
days after device rem oval (the first 3-day period after synchronization) , cows 
inseminated during the fi rst and second oestrus after synchronization ( 3  day­
period and 2 day-period , respectively), and the differences due to stage 
postpartum at treatment (early, ::5 60 days versus late, > 60 days) .  Chi-squared 
ana lysis were used as well  as to evaluate the variation in conception rates ( % )  of 
control and treatment groups. Conception rates at fi rst and second inseminations, 
services per conception and pregnancy rates were also analyzed . 

Differences in measures of reproductive efficiency between the control a nd 
treatment groups were eva luated by analysis of variance including intervals (days) 
from Planned Start of Mating (PSM) to first A I ,  PSM to conception, and i nterval 
between fi rst AI and conception. These analyses were done using groups m eans 
rather than individual cow data . The first day of Planned Start of Mating (PSM) 
for treatment and control g roups, was taken as the day when a new C IDR device 
was inserted into each cow in  a new treatment group. 

Differences in progesterone concentrations between the groups were 
evaluated by analyses of variance. 
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RESULTS 

Herd Reproductive Efficiency. 

1 .  Farm A:  

Measures of reproductive effic iency are presented in Table 3 . 1 .  

The mean interval from PSM to first AI  was 1 0 .  7 days less among cows 
in  the treatment group ( 2 7 . 9  vs 3 8 . 6  days ; P< 0 .0 1 ; Ta ble 3 . 1 ) ,  but the 
difference in PSM to conception was only 6 . 3  days because the interval from fi rst 
AI to conception was 4 .5  days longer ( P >  0 . 1 0) in this g roup (26 .6  vs 2 2 . 1 ) .  

The longer interval from fi rst A I  to conception in  the treatment g roup was 
associated with lower conception rates to first and second inseminations (49 % 
vs 58%;  and 62% vs 74% ;  P >  0. 1 0) ,  and consequently m ore services per 
conception ( 1 .9 vs 1 .7 ;  P >  0 . 1 0; Table 3 . 1 ) . 

Similar patterns occurred among the cycl ing cows in this herd (Ta ble 3. 1 ) ,  
except that the interval from PSM t o  fi rst insemination was 1 1 .  1 days less i n  the 
treated group and this difference was significant (P < 0.0 1 ) .  

2 .  Farm B :  

Measures o f  reproductive effic iency are presented in Table 3. 2 .  

The mean interval from P S M  to fi rst A I  was 1 1  days less among cows in 
the treatment g roup (24 .8  vs 3 5 . 8  days; P <  0 .0 1 ;  Table 3. 2 ) ,  but the d ifference 
in PSM to conception was only 5 . 3  days because the interval from fi rst AI to 
conception was 4.3 days longer (P > 0 . 1 0) in  this group ( 1 3 . 6  vs 9 .3) . 

The longer interval from fi rst AI to conception i n  the treatment group was 
associated w ith lower conception rates to f i rst and second inseminations (58% 
vs 7 8 % ;  P <  0 .05 ,  and 52% vs  73%;  P >  0 . 1 0) ,  and  consequently more services 
per conception ( 1 . 6 vs 1 .4; P >  0 . 1 0; Table 3. 2 ) .  

Similar patterns occurred among the cycling cows i n  this herd (Table 3.2) ,  
except that the i nterval from PSM to first insemination was 1 2 . 4  days less in the 
treated group and this difference was significant (P < 0 .01  ) , the conception rate 
to first insemination was 60% in the treatment group vs 80% in the control group 
( P <  0.05) ,  and the number of services per conception differed significantly ( 1 . 67 
vs 1 .3;  P <  0 . 1  0; Table 3. 2 ) .  

3. Farm C: 

Measures of reproductive efficiency are presented in Table 3.3. 

The mean interval from PSM to first AI was 1 1 .6 days less among cows 
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in  the treatment group (27 . 1  vs 3 8 . 7  days; P <  0 .0 1 ;  Table 3.3) . There was a 
significant d ifference i n  PSM to conception (62 . 1  vs 76 .9  days; P <  0 . 1  0) . The 
interval from fi rst AI to conception was only 1 . 2 days shorter ( P >  0 . 1  0)  in  this 
g roup (3 1 .  7 vs 3 2 . 9 ) .  

The treatment group had lower conception rates t o  f irst and second 
inseminations (43 % vs 50%,  and 60% vs 6 1  %;  P >  0. 1 0) ,  and consequently a 
h igher figure for services per conception (2 . 1 vs 1 . 9 ;  P >  0 . 1 0; Table 3.3) . 

Simi lar patterns occurred among the cycl ing cows in  this herd (Table 3 .3) . 
The reduction in interval from PSM to first insemination of 1 2 . 9  days was also 
significant at a higher level of probabil ity (P < 0 .01  ) .  

4 .  Farm D:  

4 .  1 .  Measures of  reproductive efficiency in the autumn-calving herd are 
presented in Table 3.4. 

The mean interval from PSM to first AI was 2 . 8  days less but not 
statistically significant in the treatment group (9 . 1  vs 1 1 .9 days; P >  0 . 1 0) .  
However,  the interval from PSM to conception was 8 days l onger ( P  > 0 . 1  0 )  in  
the treatment group (29 .8  vs 2 1 . 8  days) . The mean intervals PSM to fi rst AI and 
to conception were simi lar for early and late calvers (Table 3 .4 ) .  

Early and late ca lvers had simi lar conception rates to fi rst inseminations 
(44% and 6 7 %  vs 54% and 60%;  P >  0 . 1  0 ) .  Simi lar patterns occurred among 
early and late calvers with the second i nseminations (Table 3.4) . 

Simi lar patterns occurred among the cycling cows in this herd (Table 3.4) , 
except for early calvers where the interval from PSM to first insemination of 7 .4  
days was significant at  a higher level of  probabil ity ( P <  0 .0 1 ) .  

4. 2 .  Measures of  reproductive efficiency in  the spring-calving herd a re  presented 
in Table 3 .5. 

The mean i nterval from PSM to fi rst AI was 9 .4  days less among cows in  
the treatment group ( 2 1 . 1  vs 30 . 6  days; P< 0. 1 0) .  The interval from PSM to 
conception was 3.4 shorter (P  < 0 . 1 0 )  in  the treatment group ( 3 5 . 6  vs 39 days) .  
The mean interval PSM to first A I  differed significantly in early calvers between 
groups ( 1 7 .5 vs 2 8 . 5  days; P <  0 . 0 1 ; Table 3.5) . However ,  the mean i nterval 
from PSM to conception in early calvers was simi lar between g roups. No 
d ifferences were found in these parameters between groups a mong late calvers. 

Conception rate to first insemination differed significantly between g roups. 
Treated cows were 4 3 % ,  compared with 63% for cows in the control group (P < 
0. 1 0 ) .  However, the conception rate to second insemination was 43% in  treated 
cows vs 1 8 % in control cows ( P < 0.0 1 ; Table 3.5) . 

S imilar patterns occurred a mong the cycling cows in  this herd (Table 3.5), 
except for early calvers where the interval from PSM to first i nsemination was 
1 0 . 2  days less in the treated group and this difference was signif icant ( P <  0.0 1 ) .  
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Herd reproductive efficiency i n  " Town-mi lk  " herds. 

Measures of Reproductive efficiency are presented in Table 3.6. 

The mean interval from PSM to first AI was 1 1 . 1  days less for cows in the 
treatment group (26 .6  vs 3 7 . 7  days; P <  0 .0 1 ;  Table 3.6) . Also, the interval from 
PSM to conception differed in  both groups ( P <  0. 1 0) ,  being 54.7  days in 
treatment group vs 6 2 . 7  days in control g roup. The interval from fi rst AI  to 
conception was 3 days l onger in  treated cows ( P >  0 . 1 0) in this group (28 vs 2 5 ) .  

The longer interval from fi rst AI t o  conception in the treatment group was 
associated with lower conception rates to first and second inseminations ( 5 0 %  
vs 62%;  P <  0.0 1 , and 5 9 %  v s  6 7 % ;  P >  0 . 1 0 ) ,  and consequently more services 
per conception ( 1 . 9  vs 1 .  7 ;  P <  0 .05;  Table 3 . 6) .  

The final pregnancy rate was simi lar in  both groups (92% vs 9 2 . 1 %  for 
treatment vs control ) .  

Similar patterns occurred among the cycling cows in  the whole group 
(Ta ble 3 . 6) ,  except that the conception rate t o  first insemination and number  of 
services per conception were significant at a higher level of probability (P < 
0.00 1 ) ,  and the interval from PSM to conception was no longer significant (54 .8  
vs 6 1 . 2  days) . 

The final pregnancy rate in treated cows was 9 1 %  compared with 9 3 %  
i n  control cows. 

Anoestrum in lactating Dairy Herds. 

Town supply herds. 

Measures of reproduction efficiency in non-cycl ing cows are presented in � 
u. 

The difference between the treatment and control groups in  the mean 
interval PSM to first AI  was 1 0  days (36 vs 4 6 . 7  days; P> 0 . 1 0 ) .  The mean 
interval from PSM to conception differed between groups to a mi ld extent (P < 
0 . 1  0 ) .  For the treatment group i t  was 54 .2  vs 7 7  days in the control group. The 
mean interval from first AI to conception in the treatment and control groups was 
1 2  days ( 1 8 . 2  vs 30 . 2  days; P >  0 . 1  0) . 

Conception rates to fi rst and second inseminations were similar between 
treatment and control groups (64% and 7 1 % vs 60% and 50% , respectively) . 
The mean number of services per conception in treated cows ( 1 .65 )  was 
significantly less than in c ontrol cows ( 2 . 25 ;  P <  0 . 1 0) .  The overall pregnancy 
rate was 94 % in  treated c ows compared with 80 % in the control cows (P  < 
0 .0 1 ) .  

There were 5 1  (8 . 5 % )  animals from among 435 dairy cows, which were 
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diagnosed as non-cycl ing . Only 53 % of the C IDR  treated anoestrous cows were 
mated after treatment, although the percentage detected i n  oestrus varied from 
one herd to another. The range between farms was from 40 to 63 %. Another 
24% of the treated cows ovulated , but were not seen in  oestrus. These cows 
were inseminated within 5 days of re-used C I D R  removal .  The variation in 
response patterns, both between and within herds was great. On average, 1 8  % 
of the non-cycling cows were 4 and 5 years old, 1 5  % 3 and 4 years old, and 1 3  
% between 2 and 3 years old . The rest of non-cycl ing animals (54% ) were from 
5 to 1 0  years old. 

Autumn-Spring calving herd . 

Measures of reproductive efficiency in non-cycl ing cows are presented in Table 
3 . 8 .  

The mean interval from PSM t o  first AI  was 4 . 1 days longer among cows 
in the treatment group (2 5 . 1  vs 2 1  days; P >  0. 1 0 ) ,  but the difference in PSM to 
conception was 5 7 . 8  days longer in the treated c ows (90 .4 vs 3 2 . 6  days; P <  
0 .05 ;  Table 3 .8) . Conception rates to first and second inseminations were lower 
in treatment group (2 1 %  and 35% vs 43% and 42%;  P >  0 . 1 0 ) ,  and they 
consequently had more services per conception ( 3 . 3  vs 1 . 6; P <  0 .05;  Table 3 .8 )  

Of 1 7 3 cows, 1 1 cows ( 1 2 .  7 % )  were diagnosed as non-cycling . There were 7 1 
% of the C IDR treated anoestrous cows inseminated after treatment. 

Oestrous Response after Synchronization by using C IDR-8. PGF and PSMG. 

When the oestrous response was grouped for percentages of  cows responding to 
the first and second periods of artificial insemination,  without regard to each 
individual cow being in the treatment or control g roups, the period of artificial 
insemination for control groups started when the new C IDR device was inserted ,  
and  finished with the second period of  artificial insemination in  the treatment 
groups while those cows in  the treatment groups responding outside of the 2 
periods (5-day period) of a rtificial insemination were c onsidered out of synchrony. 

The percentage ( % )  of cows in oestrus and i nseminated in the treatment 
and control groups during the insemination periods a re presented in Table 3.9. 
Percentage total ( % )  of cows i n  oestrus and inseminated in the treatment groups 
during the first 3-day per iod of AI are presented in Table 3. 1 0. 

1 .  Farm A: 

The standard treatment programme was run 9 times in  the 1 0  m onth-period . 
Treated cows (n = 53) had greater synchrony than control cows (n = 49) ,  (P < 
0 .05 ) ,  as the percentage of cows in oestrus and inseminated for 1 or 2 services 
in the 5 day-period was 7 9 %  versus 5 9 % ,  respectively. The degree of 
synchronization of oestrus among treatment groups was between 1 00 and 5 7 % .  
However, the degree o f  synchronization of oestrus among control groups was 
between 1 00 and 20 % .  
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Overal l ,  60% of cycl ing and non-cycling cows were in  oestrus and 
inseminated between 48-96 h after C I D R  removal ,  with 2 6 %  for the first day, 
1 7 % for the second day and 1 7 % for the third day of this period . 

Comparable figures for cycling cows were 65% in oestrus and insem inated 
between 48-96 h after C IDR  remova l ,  w ith 2 8 % ,  1 9% and 1 7 % on the first, 
second and third days, respectively. All 5 3  cows in treatment group were 
inseminated, whereas 2 of 49 cows in the control group were not inseminated 

2. Farm 8:  

The standard treatment programme was a lso run 9 times in the 1 0 m onth-period. 
Treated cows (n = 69)  had greater synchrony than control cows (n = 5 5 ) ,  (P < 
0 .05 ) ,  as the percentage of cows in oestrus and inseminated for 1 or 2 services 
in the 5 day-period was 7 1 % versus 5 6 % ,  respectively. The degree of 
synchronization of oestrus among treatment g roups was between 1 00 and 45 % .  
However, the degree of synchronization of oestrus among control groups was 
between 1 00 and 1 8 % .  

Overal l ,  5 9 %  of cycl ing and non-cycling cows were i n  oestrus and 
inseminated between 48-96 h after C IDR  removal ,  with 36% for the fi rst day,  9 %  
for the second day, and 1 4% for the third d a y  of the period . 

Comparable figures for cycling cows were 63% in oestrus and inseminated 
between 48-96 h after C IDR removal; and 3 5 % ,  1 0% and 1 7 % on the fi rst, 
second and third days, respectively. 

Whereas 2 of 69 cows in the treatment group were not inseminated , 3 of 5 5  
cows i n  the control group were not. 

3. Farm C: 

The standard treatment programme was run 9 times in a 1 0  m onth-period . 
Treated cows (n = 1 1 4)  had greater synchrony than control cows (n = 9 3 ) ,  (P  < 
0 .06) ,  as the percentage of cows inseminated for 1 or 2 services in a 5 day-period 
was 70% versus 5 4 % ,  respectively. The degree of synchronization of oestrus 
among treatment groups was between 1 00 and 40 %. However, the degree of 
synchronization of oestrus among control groups was between 8 5  and 3 3 % .  

Overal l ,  5 5 %  o f  cycling and non-cycling cows were i n  oestru s  and 
inseminated between 48-96 h after C IDR removal ,  with 22% for the first day, 
2 5 %  for the second day and 7 %  for the third day of the period . 

Comparable f igures for cycl ing cows were 65  % in oestrus and 
inseminated 48-9 6  h after C IDR  removal; and 2 5 % ,  29% and 1 0% on the first, 
second and third days, respectively. 

Of 1 1 4 cows in the treatment group, only 1 c ow was not insem inated compared 
with 3 of cows in the control g roup. 
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4 .  Farm D :  

4 . 1 .  The Autumn-calving season: 

The percentage of early calvers which were treated (n = 28), a nd which were 
inseminated for 1 or 2 services in the 5 day-period was 8 5 %  vs 9 5 %  for the 
control (n = 27)  cows, while treated later calvers (8) had 8 9 %  vs 8 0 %  for the 
control (7) cows (P> 0 . 1 0) .  

4 .2 .  The Spring-calving season : 

Early calvers in  the treatment (n = 42) group had greater synchrony than those in 
the control (n = 44) group (83% vs 6 3 % ;  P <  0 .05) .  However,  in late calvers the 
difference was not statistical ly significant ( 6 6 %  vs 55%;  P >  0. 1 0 ) .  

The mean for the total treatment g roup among the autumn calvers was 
8 7 % .  lt  was a similar total in the control group (87 %).  However, the treatment 
group in spring calvers achieved 7 5 %  synchrony compared with 5 9 %  in the 
control group ( P <  0.05) .  

In  autumn calvers, 94% of cycl ing and non-cycling cows were in oestrus 
and inseminated 48-96 h after C IDR  remova l ,  with 45% on the first day, 2 7 %  for 
the second day and 2 1 % for the third day of the period . There were 9 3 %  of 
cycling cows in oestrus and inseminated 48-9 6 h after C IDR remova l ,  with 45%,  
26% and 2 2 %  on  the first, second and  third days, respectively. 

In  spring calvers, 63% of cycl ing and non-cycling cows were in  oestrus 
and inseminated 48-96 h after C IDR rem oval ,  w ith 32% for the first day, 1 6 % for 
the second day and 1 4% for the third day of the period.  

There were 6 8 %  of cycling cows in oestrus and inseminated 48-9 6 h after C IDR 
removal ,  with 34%,  1 9 % and 1 4% on the first, second and  third days, 
respectively.  

Al l  cows in  the treatment and control g roups were inseminated . 

General Oestrous Resoonse after Synchronization. 

The oestrous response for the treatment g roups in the four farms (n  = 324) 
averaged 7 6 %  as compared with 63% in the control groups (n = 284; P <  0 .00 1 ; 
Table 3.9) . Between 48 and 9 6  h after C IDR  removal , 6 7 %  were inseminated , 
with 32%,  1 9% and 2 1 % on the first, second and third days of the period , 
respectively. 

There were 7 1 %  of cycling cows in oestrus a nd inseminated between 48-96 h 
after CIDR removal , comprising 3 3 % , 2 1 % and 1 6% on the first, second and third 
days, respectively. 

Within the treated groups, the p ostpartum interval at treatment did not 
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affect the number of cows observed in oestrus after the 2 periods of artificia l 
inseminations. 

Oestrous Response and use of Full and Half Dose of Prostaglandins at CI DR-B 
Removal . 

Oestrous responses to the two PGF doses were evaluated on individual cows 
rather than within each herd . Oestrous responses were g rouped by the 
percentage responding within the 3 days of the first period of artificial 
insemination . Therefore , those cows responding after the fi rst period of artificial 
insemination were considered to be out of synchrony. 

The effects of dose rates of PGF at C IDR removal on synchrony and 
ferti l ity in cows are presented in Table 3 . 1 1 .  

A 2 ml (500 pg ) and 1 ml 250 pg ) dose of PGF as Estrumate at C IDR 
removal did not affect the number of cows observed in  oestrus during the fi rst 
per iod of artificial insemination (3 days; 68 % vs 7 2 % ) .  

The postpartum interval a t  treatment did not affect the proportions of cows in 
oestrus. Conception rates for fi rst inseminations were simi lar (44% versus 48 % ) .  

Effect of Treatment with Progesterone on Pregnancy Rate. 

Within each treatment g roup, all cows had a used C I DR device re-inserted by day 
1 7- 1 9 post insemination. The control cows inseminated over the second per iod 
of A I  were used as contemporary control cows. 

Conception rate from second inseminations was not statistical ly different 
for treatment and control g roups (n = 84, 76 ,  respectively; 5 0 %  vs 5 8 % ;  Table 
�) . 

Plasma Progesterone. 

Progesterone levels of non-pregnant and pregnant cows treated with C IDR/PGF 
and C I DR/PMSG are presented in Table 3. 1 3. 

Plasma progesterone concentrations in  non-pregnant cows (n = 50) which 
had previously received CIDR/PGF was 3 . 1  ng/ml at new CIDR rem oval ,  2.3 ng/ml 
at re-used CIDR removal and 0 .3  ng/ml one day after the re-used C I DR had been 
removed . However, progesterone concentrations of pregna nt c ows (n = 50)  
which had received the same treatment was 4. 1 ng/ml at  new C IDR  removal ,  8 .  7 
ng/ml when the re-used C IDR was removed and 7 . 1 ng/ml one day after the re­
used C IDR had been removed . The progesterone levels d iffered significantly 
between both pregnant and non-pregnant cows at the last two sampling (P < 
0 .0 1 ) , but not at the f irst sampling . 

Plasma progesterone concentrations of non-pregnant cows (n = 26) which 
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had received CIDR/PMSG was 2 . 8  ng/ml at new C IDR remova l ,  2 . 6  ng/m l  at re­
used C IDR  removal and 0 . 3  ng/ml one day after the re-used C IDR had been 
rem oved .  However, progesterone concentrations of pregnant cows (n = 33) 
which had a lso received the same treatment was 5.0 ng/ml at new CIDR removal ,  
9 . 3  ng/ml at re-used CIDR removal and 8 .4 ng/ml  one day after the re-used CIDR 
had been removed. Progesterone levels differed significantly between both 
pregnant and non-pregnant c ows at the last two samplings (P < 0 .0 1  ), but not at 
the fi rst sam pling . 

Levels of progesterone for non-pregnant and pregnant cows which had 
received C IDR + PGF or C IDR  + PMSG were similar.  Similar levels were obtained 
for pregnant cows with different treatments. 
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DISCUSSION 

The main objective of this study was to evaluate a management system involving 
systematic control of the oestrous cycle, in order to facilitate detection of oestrus 
and minimize the variation in returns to oestrus after treatment .  

The strategic use of  C IDR  plus PGF or  PMSG in lactating dairy cows has 
the potentia l  to concentrate breeding programmes in  seasonal dairy herds and to 
maintain a 3 65-day calving interval in year-round herds. 

Herd Reproductive Efficiency. 

The mean interval from PSM to first insemination was significantly reduced among 
the treated cows in year-round mi lking herds (Table 3.6) . This d ifference was 
seen also in the seasonal milking herd (spring-calving cows; Table 3 .5) . However,  
this parameter was only statistical ly d ifferent in cycling ear ly calvers from the 
Autumn herd (Table 3 .4) .  lt is important to em phasise that in herd D during 
spring , there was a staffing problem which affected oestrus detection efficiency. 
For this reason, there were differences in  the proportions of cows inseminated 
between seasons.  

lt was clear that the interval PSM to first AI  was shorter in all treated 
groups. The variation among treated groups within each herd can be explained 
by several factors: 

Oestrus detection rates appeared to be affected by management . 
Undoubtedly there were differences between year-round and seasonal herds . The 
importance of the formation and stabil ity of the sexually active groups in the 
expression of oestrus is well known and , this group activity also influences the 
effectiveness of aids to oestrus detection ( Ki lgour et al . ,  1 97 7 ) .  This was seen 
in  herd D with treated cows in  the autum n  c ompared with the other three year­
round farms; but in these town mi lk  herds, the effect of the treatment was 
associated with an increase in  the detecti on rate when it is  c om mon to find low 
oestrus detection rates especial ly during winter m onths. Another factor was the 
length of the synchrony period which was necessari ly longer to al low the control 
group to be inseminated during the treatment period . This was seen in farm D 
between the treatment and control group in  the autumn herd (Table 3.9) , but in 
year-round herds, although the percentage of treated cows inseminated during the 
5-day period was almost similar, treatment groups had higher percentages ranging 
from 1 5 % ,  1 6% and 20% between herds compared with control g roups (il.b!.e. 
ll) . The seasonal herd also had d ifferences between treatment groups in the 
different periods of the year.  

The mean interval from PSM to concept ion in year round mi lking herds was 
significantly d ifferent between groups (Table 3.6) . Treated cows had fewer days 
open than controls ,  ranging from 5 .3 ,  6 .3  to 1 4.8 days between treated cows in 
individual herds (Table 3. 1 .  3. 2 and 3.3) . No d ifference was found between 
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groups i n  the seasonal m i lki ng herd (Table 3.4 and 3.5) . 

Even though the PSM to first AI  was reduced in a lmost a l l  treated cows, 
the effect on the interval to conception was less significant because the lower 
conception rate to fi rst A I  increased the interval from first A I  to conception. This 
lower conception rate at first AI was a significantly l imiting problem .  Although 
the C IDR treatment together w ith an injection of PGF or PMSG reduced the PSM 
to f i rst A I ,  this management advantage was partly lost because of lower ferti l ity. 
Moreover, it total increased expense and labour related to the procedure of C IDR 
insertion, without increasing the pregnancy rate . 

The variation among herds was due mainly to decreased ferti l ity at the fi rst 
A I ,  and secondly to the overall reproductive efficiency between herds. 

Conception rate to first insemination differed statistically between groups, but not 
for second inseminations. As a consequence , the mean number  of services per 
conception also d iffered significantly between groups . Although in  one year-round 
herd (herd 8) there was a remarkably high conception rate to first AI  in  the control 
group, the final results from this study did not change.  I n  fact, the general 
tendency achieved with this treatment showed that the PSM to first AI  was 
reduced,  but the effect on the interval to conception was less significant because 
the lower conception rate to first AI increased the interval from first AI  to 
conception. 

This high conception rate in the herd 8 means that the aspects which are 
considered important in  A I  a re of a good standard and quality, a nd the cows are 
fert i le .  Therefore , it is logical to think that the problem in these herds was related 
to the percentage of cows in  a herd presented for insemination during a period of 
t ime in the AI programme.  One interesting observation in this study was that the 
percentage of cows detected in oestrus and inseminated throughout the 
experiment in year-round herds was quite variable, but especial ly in  late winter 
when the percentage of cows inseminated was low compared with other periods 
of this study. Moreover ,  the lowest percentage of cows inseminated during that 
per iod was the farm which had the lowest overal l  reproductive efficiency ( Figure 
U> . This finding can be explained as fol lows: 

In  early lactation, cows experience energy stress of m i lk  production which 
coi ncides with a reduced appetite, and substantial loss i n  body condition. The 
mean pasture cover and mean cow condition score were reported to be decreased 
slightly over winter periods in town mi lk  herds (8aldwin , 1 98 9 ) .  Therefore,  
pasture production dur ing winter months is  affected and the farms during this 
t ime are not associated with maximum " in situ" pasture uti l ization i n  which 
Stewart ( 1 988)  estimated wastage of i n  situ pasture for J une-August mi lk ing 
cows at 2 5 % , 40% and 5 5 %  for l ight, medium and heavy soi ls respectively. For 
this reason, possibly at any stage or for a period of time during early lactation 
some cows have experienced degrees of nutritional stress depressing the external 
signs of oestrus (N. Wil l iamson, personal communication) .  This situation can be 
increased by underfeeding; a previous study reported that undernutrit ion 
depressed the occurrence of oestrus by 3 1 % (Juneja and Arora, 1 989 ) .  
However, the problems of  detection involving cow, huma n  or environmental 
factors that could affect sexual behaviour in dairy cows cannot be ignored. 
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The ferti l ity of the oestrus after treatment in cattle may be reduced even though 
the progestagen treatment is  less than 9 days (Patterson et a l . ,  1 98 9 ) .  Many 
reports using d ifferent progestagen treatments showed that this reduced fertil ity 
was influenced by the day of the oestrous cycle at treatment in itiation ( Beal et al . ,  
1 988;  Van Cleeff e t  a l . ,  1 989 ;  Patterson et al . ,  1 989;  Chenault e t  a l . ,  1 990) .  
Therefore, the reduction in  ferti l ity is not due simply to the presence of 
progesterone , but also to a n  interaction of progesterone present i n  the latter 
stages of the cycle (Chenault et a l . ,  1 990) . There is no explanation for the 
mechanism responsible for reduced ferti l ity following progestagen treatment. The 
following facts may be contributing to this reduced ferti l ity: The precision in 
synchrony is increased with an i ncrease in the duration of the treatment when a 
progestagen is used . However, as treatment interval is increased,  the ferti l ity is 
decreased from 64% to 3 7 %  (Pearce et a l . ,  1 990).  Reduced ferti l ity at fi rst AI 
has also been related to an extended inter-oestrus interval {Br ink a nd Ki racofe , 
1 98 8) ,  and a reduced ferti l ity was observed when treatment was initiated late ( � 
day 1 2) in the oestrous cycle (Patterson et al . ,  1 9 89) . M oreover, a delayed 
cleavage rate of ferti l ized ova was demonstrated when a long term progestagen 
treatment was used (Wishart and Young , 1 9 74) . In  cycl ing an imals, control of 
the t iming of ovulation is partly dependent on controll ing the t ime of regression 
of the CL (Roche and I reland , 1 984) .  Treatment with a progestagen artificial ly 
extends dioestrus until administration is ended. lt w ould suggest that 
metoestrous animals are l ikely to have the highest ferti lity, because those foll icles 
ovulate after shorter periods of g rowth than in those which have been statical ly 
mainta ined cows undergoing luteolysis or in pro-oestrus at the tim e  of 
progestagen treatment. From the result of another study (Dick, 1 990) ,  a 
dominant foll icle is maintained during treatment, suppressing the foll icular 
patterns. This result in persistent foll icles, and a short post-treatment interval to 
oestrus. Moreover, these data showed that short intervals  to oestrus were 
associated with lower ferti l ity. Therefore , this situation of reduced ferti l ity would 
be the consequence of aged ova . 

Anoestrus in Lactating Dairy Herds. 

Only  8 . 5 %  of cows were d iagnosed as non-cycling in  the year-round herds, 
com pared w ith 1 2 . 7 %  in  the seasonal herd . The proportion of cows inseminated 
after treatment was 53% in year-round herds and 7 1 % in the seasonal herd . The 
percentage of cows detected in oestrus after C IDR/PMSG treatment varied from 
40% to 6 3 % .  There were only 24% of treated cows which had ovulated but 
were not seen i n  oestrus. This suggests that use of AI by a ppointment is not a 
rel iable recommendation w ith this form of treatment. This e mphasises the 
desirabi lity of re-examining a l l  non-responders and then differential ly treating cows 
with PGF or a C IDR  + PMSG at this t ime. 

Although the mean i nterval from PSM to conception, and the mean number 
of services per conception were significantly lower in  treated cows, in  general the 
reproductive performance of treatment g roups in the year-round mi lking herds was 
better than in control groups {Table 3. 7 ) .  This shows that treatment was 
preferable to  no treatment i n  these problem cows. 

Contrasting results were obtained with a small num ber  of non-cycl ing cows 
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treated w ith progesterone and PMSG i n  the seasonal herd (Table 3.8) . Although 
this herd had less satisfactory response patterns, because it is known that the 
response to treatment is quite var iable.  This may be possibly because the 
condition of anoestrus is essential ly nutritional anoestrus, rather than simply 
postpartum or lactational anoestrus ( Macmil lan et a l . ,  1 990b) .  However, results 
of a recent trial  reported that the treatment programme achieved a successful 
reduction in the average date at which c onception occurred, and the non-pregnant 
rate i n  treated cows (Macmil lan et a l . ,  unpublished) . For this reason , the 
treatment of this major form of infert i l ity in New Zealand dairy cows is always 
recommended . 

Oestrous Response after Synchronization.  

The two periods of artificial insemination were concentrated into 5-day synchrony 
periods in the treated groups. Oestrous responses in the four farms averaged 
7 6 %  in treatment groups, and differed significantly from the control groups (63%;  
P< 0 .00 1 ; Table 3 .9) . There were 6 7 %  of the treated cows observed in oestrus 
and inseminated within the first period of AI (3 days) .  The h ighest proportion of 
inseminations during the period were at 48 h, involving 3 2 %  for the whole treated 
group (Ta ble 3. 1 0) .  Although the degree of synchronization of oestrus was higher 
compared with the control groups, there was wide variation among groups within 
and between-herds throughout the study period . 

Previous reports for cycling cows and heifers treated with C IDR  and PGF 
have shown higher proportions of animals are in oestrus and inseminated.  For 
example 8 1 . 5 %) of cows were inseminated from 48 to 96 h after C IDR  removal 
(Macmi l lan et al . ,  1 987) ,  and 83 ,9% of heifers were in oestrus between 48 and 
72 h after C IDR removal (Van Cleeff et a l . ,  1 989)  and 9 7 %  of heifers were in 
oestrus between 48 and 9 6  h after C I D R  removal (Macmil lan,  1 988b) .  The 
results of the current study reveal that the proportion of cows in oestrus and 
inseminated was low compared with the other studies and the expectation that 
80% to 9 0 %  of al l  fi rst and second inseminations would be d one on Monday to 
Friday of every fourth week was not reached.  The oestrous response of 7 1  % 
was simi lar to findings in a previous report which showed that 70% of cows 
treated w ith PRID for 7 days and PGF given at removal were in oestrus within the 
fi rst week post-treatment (Smith et a l . ,  1 98 6 ) .  

I f  the oestrous synchrony response had been greater than 90% ,  there 
would have been a greater reduction in PSM to first AI i nterval because more 
cows had been detected in oestrus and i nseminated . I f  these cycling cows would 
have had a normal pregnancy rate at first AI, the effect on the calving to 
conception i nterval would have been significantly reduced as wel l  as reducing the 
interval from first AI to conception and the number of services per conception. 
This treatment can be expected to be m ore successful i n  herds with a high 
oestrus d etection rate. But even i n  herds with a g ood oestrus synchrony response 
( i . e .  autumn calving,  herd D) ,  the effect of a lower conception  rate at first AI wil l  
be a n  i mportant l imit ing problem ,  especial ly i n  seasonal herds because the PSM 
to fi rst AI  i nterval in  autumn calving cows was significantly reduced whi le the 
PSM to c onception was similar (Table 3.4) . Moreover,  if achieving a compact 
breeding period in seasonal herds, or maintaing an optimum calving interval in  
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year-round herds is one of the a ims,  then the selective use of C I D R  with PGF or 
PMSG in  cows not i nseminated by days 82 post-partum would be benefic ia l .  

In  this study, the degree of  oestrus synchronization was less than expected 
due to failure to detect oestrus . This problem can be seen clearly in farm D,  in 
which the difference in  oestrous response was 1 2% between the autumn a nd 
spring herd (Table 3.9) . lt i s  important to emphasise that the average synchrony 
patterns were different from previous trials, and within a herd from one treatment 
group to another (Table 3. 1 0) .  lt could have been possible that herd owners 
made more detection mistakes w ith treated cows and had them inseminated at 
the wrong time because the percentage of cows inseminated at 48 h seems to be 
low. lt may be possible that some cows inseminated at 72  h should have been 
inseminated at 48 h because the percentage of animals inseminated at 48 ,  7 2 ,  
and 9 6  h after treatment w ithin and between-herds was very variable . O n  the 
other hand , there was a reasonable number of cows not seen in oestrus after the 
first synchrony treatment w hich were seen in oestrus after the re-treatment. I n  
most of these cows a CL  was found when a rectal palpation was made before re­
insertion of the used C I D R .  l t  could explain partia l ly that the owners were m issing 
synchronized cows. In add ition, there is a possibil ity that cows in late winter 
show oestrus less clearly as seen in Figure 3. 2 ,  and that ta i lpaint and  raddle on 
winter coats which are long are less successful than in spring when hair  coats a re 
short . Even though many c ows had ovulated , the paint and the aerosol were not 
rubbed off. Under all of these circumstances, mistakes relating to the 
interpretation of the ta i lpa inting system were frequently made by the owners. 
Few cows were in oestrus outside the insemination periods .  Asynchronous 
responses were mainly observed in  non-cycling cows having longer responses to 
the treatment with C IDR/PMSG.  

In  relation to  the interval to  onset of  oestrus, it i s  expected that m ost 
cycl ing animals which did not have a functional CL at device rem oval w ould be 
detected in oestrus by 48 h post-treatment. In  this study the lower ferti l ity was 
associated with cows be ing inseminated by 48 h in which the d ifference i n  
ferti l ity a t  the first AI  w a s  7 %  less compared with cows being insem inated b y  7 2-
96 h .  lt may reinforce the concept that the lower ferti l ity was due to  C I D R  
treatment effects were because foll icle persistence produced a short post­
treatment interval to oestrus (D ick, 1 990). 

In  this study, C IDR's  inserted for 6 days by day 1 7- 1 9 post-insemination were 
associated with decreased conception rate at f irst insemination. H owever, this 
may not have been a C IDR treatment effect. The conception rate at second 
insemination was simi lar to the control group (Table 3. 1 2) . Moreover, the 
conception rate to this insem ination in al l  the farms was high compared with that 
of the first insemination (Table 3.4. 3.5 and 3.6) .  

Progesterone treatment a fter insemination had n o  effect o n  c onception 
rates. A similar find ing was reported by Munro and Bertram ( 1 990) ,  who showed 
that the fertility of treated and c ontrol cows inseminated at the second AI was n ot 
significantly different. This is i n  contrast with a number of reports which have 
indicated that the strategic use of C IDR or PRI D  as a post-insemination treatment 
can increase the chance of conception to the preceding insemination (Shemesh 
et a l . ,  1 98 1 ; Robinson et a l . ,  1 989) .  These findings could explain why the 
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administration of exogenous progesterone had no effect on ferti l ity when given 
to groups of cows having normal levels of ferti l ity (Diskin and Sreenan, 1 986 ) .  
However, Macmillan et  a l .  ( 1 9 90a) a l so  remarked on the relevance of  timing of 
device insertion to increase ferti l ity in relation to the oestrous cycle in treated 
cows with progesterone after insemination . 

C IDR 's can also be used to synchronize returns to oestrus in non-pregnant 
animals. Eighty five per cent (8 5 % )  of the cows in  this study were in  oestrus on 
days 22-2 5 .  The results of the current study suggest that although 
supplementation with exogenous progesterone post-insemination had no effect 
on ferti l ity at the second AI , it does reinforce the recommendation that this 
management system involving device re-insertion should be included in breeding 
programmes to synchronize returns to service. In  Van Cleeff's study ( 1 989) ,  
8 1 . 3 %  of  non-pregnant heifers were in  oestrus on day 24 after treatment . 
Oestrus detection in animals synchronized with this regimen was more successful 
than in control cows. Other reports also have demonstrated positive effects on 
oestrus detection of synchronization of oestrus using PGF (Sudweeks and Randel,  
1 98 5 ;  Washburn and Dailey, 1 98 7 ) .  Although the proportion of cows in  oestrus 
and inseminated, differed among groups within and between-herds, it was clear 
that the oestrus detection was improved significantly in  al l  of the farms (� 
�.,.9.). The variation among herds can be explained partly by the organization of 
oestrus detection and of the benefic ia l  effects of having a single,  seasonal ly 
concentrated calving period. 

Oestrous Response and Use of Full and Half Dose of PGF at CIDR-B Removal .  

Previous reports compared several doses of PGF alone in d ifferent management 
systems for synchronization of oestrus in  dairy and beef herds. There were no 
differences with dose rates in  oestrus response , but there were d ifferences 
between management systems, ranging from 42.8 to 64.5 %  ( Lauderdale, 1 9 72;  
Lauderdale et  al . ,  1 974; Donaldson, 1 980; Donaldson et  al . ,  1 982) .  

Responses to  two different doses of  PGF at C I DR removal on  oestrus and 
ferti l ity were studied. Treated cows injected with the full dose of PGF had a 68% 
oestrous response within 48 to 96 h,  which was sim ilar ( 7 2 % )  in treated cows 
injected with the half dose of PGF (Table 3. 1 1  ) .  This result shows that the 
selective use of a reduced dose of PGF could be effective for the regression of the 
CL, and c onsequently be more economical. 

Plasma Progesterone. 

Progesterone concentrations in non-pregnant and pregnant cows at first sam pling 
given C IDR/PGF in cycling cows and C IDR/PMSG in  non-cycling cows were similar 
(Table 3 . 1 3) .  

Plasma progesterone concentrations maintained by the used Cl DR at device 
removal was above 2 ng/ml in both groups of non-pregnant cows (Table 3. 1 3) .  
This suggests that luteolysis had occurred during the 6 days after the insertion of 
the used C IDR.  The concentrations of progesterone were maintained by the 
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progesterone released from the used C I D R .  Similar concentrations of 
progesterone were found in cycling cows without a CL, and in ovariectomized 
cows before the new C IDR  was removed 1 0  days after insertion (Dick,  1 990) . 
This shows that progesterone from the used C IDR  was sufficient to maintain 
plasma progesterone to concentrations sim i lar to that produced by a new device.  
As expected,  the progesterone concentrations of non-pregnant cows i n  both 
treated groups at third sampl ing was very low (0.3 ng/ml ;  Table 3. 1 3) .  
Progesterone concentrations o f  pregnant cows in both treated groups a t  second 
and third sampling were similar. This suggests that the pregnancy was 
established when the treatment with the used C I D R  was initiated in late d ioestrus. 
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CONCLUSIONS 

The results of this study demonstrated that C IDR treatment together w ith a n  
injection of PGF o r  P M S G  sig nif icantly reduced the interval from PSM t o  first A I ,  
but this management advantage i nvolving the systematic control o f  oestrous cycle 
was partly lost because of l ower ferti l ity at  first AI , so that the effect on the 
interval to conception was less significant. lt therefore: i )  increased the i nterval 
from fi rst AI to conception; i i )  i ncreased the number of services per conception,  
and i i i )  reduced the benefits of synchrony, because of fa i lure to detect oestrus. 
Thus the proportion of cows in  oestrus and inseminated at the 1 st and 2nd 
synchrony periods was less than expected . In  addit ion, the synchrony patterns 
were so different within a herd from one treatment group to another. This was 
possibly due to: i )  the tai lpaint system which was not sufficiently sensitive i n  
cows during which may show oestrus less clearly in  winter than in a n y  other 
season; i i )  the variation in  d iagnostic value of ta i lpa int and raddle on the d ifferent 
coats and the different ske letal conformations of various animals, associated with 
the degree of fat over the bac k, bone, hips, and tai l -head . Therefore, the effects 
of these interactions produced a wide variation in the interval to onset of detected 
oestrus after treatment a m ong groups within and between-herds, and lower 
ferti lity in some cows. Thus,  it affected precision i n  synchrony and ferti l ity at the 
synchronized oestrus. 

I f  the oestrous cycle response by using this management had been g reater 
than 90% with a normal pregnancy rate , then there would have been a greater 
reduction in the calving to first AI and calving to c onception intervals. In order to 
achieve this objective it is necessary to achieve high synchrony and normal 
fertil ity. The areas to study i n  cycl ing cows are:  i )  research on the control of the 
oestrous cycle should be foc used on regulating fol l ic le wave patterns, reducing 
the duration of treatme nts programmes when a progestagen is used to obtain  high 
pregnancy rates; i i )  increasing fertility and minimizing the variation in return to 
oestrus after treatment by using C IDR devices after insemination. Moreover,  i t  
is important to recognize that the most common problem in breeding management 
in  dairy herds is oestrus detection. The tail pa inting system may be less 
satisfactory in herds w ith c ontinuous calving patterns, possibly because it was 
not sufficiently sensitive, especially with animals d uring winter months. lt shows 
a particular potential for further studies between animals which may  not d isplay 
oestrus, and the associations of the tail paint and raddle technique in  animals with 
different coats and skeletical conformation. The a reas to study in  non-cycl ing 
cows are: i )  reduce the incidence of anoestrus; i i )  identify factors which a ffect 
the effectiveness of the treatment response for this condition through herd 
management, including concentrating the calving pattern through g reater use of 
control led breeding programmes to condense conception patterns, and hence to 
increase the interval from the next calving to the start of AI period . 
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Figure 3 . 1  Basic programme of experimental protocol .  

Day Task 

0 Wednesday Insert C I D R ,  Tailpaint 

1 0  Saturday (am)  Remove C I D R ,  Raddle 
over Paint 

1 2- 1 4  Monday-Wednesda y  1 st I ns e m i na t i on on 
Detection 

28 Wednesday * Re-insert 
Used/Washed/Stored 
CIDR,  Tai lpa int 

34 Tuesday (am)  Remove and  Discard 
CIDR, Raddle 

3 6-37 Thursday-Friday 2nd I nsem i nat ion on 
Detection.  

• In herds with year-round milking, a n e w  group of  cows enters the breeding schedule on every fourth 

Wednesday. 



1 = April;  5 = August; 9 = December 

Figure 3 . 2  Percentage of cows in  oestrus and inseminated i n  treatment 
groups throughout the study period in Year-round herds.  
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Table 3 . 1 Conception rates ( % ) ,  services per conception and least 
squares means (SEM) of planned start of mating (PSM) to 
first insemination (AI ) ,  PSM to conception and interval from 
1 st AI to conception (days) i n  treatment and control groups 
in Farm A (Year-round herd) .  

All Animals Cycling Animals 

Group Treatment Control Treatment Control 
( 53) (49 ) (45 )  (47) 

PSM to 1 st 2 7 .98  3 .7  38 . 6  5 . 0  2 5 . 28 3 . 8  3 6 . 3  4 . 9  
Insemination 

PSM to 54 .5  5 .8  60 . 8  5 .9 5 5 . 5  6 .4  5 9 . 5  6 . 0  
Conception 

I nterval 1 st 2 6 . 6  5 .3  22 . 1 4 . 8  23 . 1 5 .0 30 . 1  6 . 1  
A I  to  
C onception 

C o n c e p t i o n 49 58 43 5 6  
Rate 1 st 
Insemination 

C o n c e p t i o n 6 2  74 6 2  7 4  
R ate 2nd 
I nsemination 

Services per 1 .9 1 .7 2 1 .7 
C onception 

Probability a = P <  0.01 

( ) Number of cows in  parentheses . 
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Table 3 . 2  

Group 

PSM to 1 st 
Insemination 

PSM to 
Conception 

I nterval 1 st 
A I  to  
Conception 

Conception rates ( % ) ,  services per conception and least 
squares means (SEM) of planned start of mating (PSM)  to 
first insemination (AI ) ,  PSM to conception and interval from 
1 st AI to conception (days) in treatment and control g roups 
in Farm B (Year-round herd) .  

All Animals Cycling Animals 

Treatment Control Treatment Control 
(69)  ( 5 5 )  ( 5 9 )  (47) 

24 .8" 2 .  7 3 5 . 8  4 .0  23 .0" 2 .7  3 5 .4 4 .5  

44 .2  4 .6  49 . 5  5 . 6  40.4 4 . 4  46.0 4 . 9  

1 9 .3 3 . 9  1 3 . 6  4 . 7  1 7 . 4  3 . 5  1 0 . 6  3 .3  

C o n c e p t i o n  58" 78 so· 80 
Rate 1 st 
Insemination 

C o n c e p t i o n  5 2  
Rate 2nd 
Insemination 

Services per 1 . 6 
C onception 

Probabi lity a =  P <  0.0 1 , b= P< 0. 1 0  

( ) N umber of cows i n  parentheses. 

7 3  5 0  78  

1 .4 1 . 6 1 .3b 
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Ta ble 3 .3 Conception rates ( % ) ,  services per conception and least 
squares means (SEM) of planned start of mating (PSM) to 
first insemination (AI) ,  PSM to conception and intervals from 
1 st AI to conc�ption (days) in treatment and control groups 
in Farm C (Year-round herd) . 

All Animals Cycling Animals 

G roup Treatment 
( 1 1 4) 

Control 
(93) 

Treatment 
( 1  04) 

Control 
(80) 

P S M  to 1 st 27 . 1 8  2 .8  
I nsemination 

P S M  to 62. 1 b 4 . 6  
Conception 

I nterval 1 st 3 1 . 1  4 .0  
A I  to 
Conception 

C o n c e p t i o n  43 
R ate 1 st 
I nsemination 

C o n c e p t i o n  60 
Rate 2nd 
Insemination 

S e rvices per 2. 1 
C oncept ion 

Probabi lity a =  P <  0.01 , b =  P <  0. 1 0  

( ) Number of cows i n  parentheses.  

38.7 4 . 2  2 5 .48 3 . 0  3 8 . 3  4 . 5  

76 .9  8 . 7  6 3  5 . 1  7 5 . 5  9 . 2  

32.7 6 . 5  3 7 . 5  4 . 8  3 7 . 1  8 . 1  

50 3 8  5 2  

6 1  5 8  6 3  

1 .9 2 . 3  1 .8 

1 67 



Table 3.4 Conception rates (%)  and least squares means (SEM) of planned start of mating ( PSM) to first insemination (AI) 
and PSM to conception (days) In treatment and control groups In Farm D (Seasonal-herd, Autumn-calving) .  

Group 

PSM to 1 st EC 
Insemination (50) 

LC 
(20) 

PSM to EC 
Conception 

LC 

Conception EC 
Rate 1 st AI 

LC 

Conception EC 
Rate 2nd AI 

LC 

All Animals 

Treatment 
(36) 

6.7 2. 1 

1 7 . 6  0 . 7  

46 .8  1 2 .8 

60.6  8 . 7  

44 

6 7  

20 

2 2  

Probability a • P < 0.01 ; ( ) Number of cows i n  parentheses. 

EC • Early Calvers; LC = Late Calvers. 

Control 
(34) 

1 0. 7  1 .4 

1 4.8  4 .5  

25 .8  7 .2  

27 .8  7 . 1  

54 

60 

33 

40 

Cycling Animals 

Treatment 
(33) 

3 .4· 0 .8  

1 7 .7  0 .8  

24.2  9 .0  

44. 5  9 .0  

60 

67 

1 5  

22  

Control 
(30) 

1 0 . 8  1 . 5 

1 2 . 5  6 .0  

27 .2  7 . 8  

23.0 7 . 9  

5 9  

7 1  

3 1  

29 

.... 
0' 
00 



Table 3.5 

Group 

PSM to 1 st 
Insemination 

PSM to 
Conception 

Conception 
Rate 1 st AI 

Conception 
Rate 2nd AI 

Conception rates ( % )  and least squares means (SEM) of planned start of mating (PSM) to first insemination (AI ) 
and PSM to conception (days) in treatment and control groups in Farm D (Seasonal-herd, Spring-calving) .  

All Animals Cycling Animals 

Treatment Control Treatment Control 
( 5 1 ) (53)  (48) ( 5 2) 

EC 1 7 . 5• 2 . 5  2 8 . 5  3 . 4  1 8 .38 2 . 7  28 . 5  2 . 9  
(86)  

LC 38.4 7 . 2  40.2 6 . 5  2 1 . 5  8 .0  39 . 1 8 . 4  
( 1 8) 

EC 32 . 1 3 .3  37 .3  3 .8  3 1 . 6 3. 1 3 7 . 3  3 .8  

LC 5 1 .0 6 . 5  4 6 . 5  7 . 2  3 6 . 7  1 0 . 7  4 5 . 5  9 . 1  

EC 43 63c 49 62 

LC 44 67 50 58 

EC 43b 1 8  38 1 9  

LC 44 22 50 2 5  

Probability a •  P <  0.01 b - P <  0.05 c - P <  0. 1 0; ( ) Number o f  cows i n  parentheses . EC = Early calvers; LC = Late calvers. 

...... 
a­
..0 



Ta ble 3 . 6  Conception rates ( % ) ,  services per conception and least 
squares means (SEM) of planned start of mating (PSM) to 
first insemination (AI } ,  PSM to conception and intervals from 
1 st AI to conception (days) in treatment and control groups 
in Year-round herds. 

All Animals Cycling Animals 

Group Treatment 
(236) 

Control 
( 1 9 7 )  

Treatment 
(200) 

Control 
( 1 82 )  

PSM to 1 st 2 6 . 6" 1 . 7 3 7 . 7  2 . 5  
Insemination 

PSM to 54.  7e 2 .9 6 2 . 7  4 . 1 
C onception 

I nterval 1 st 28 .0 2 .6  2 5 . 0  3 .6  
AI  to  
Conception 

C o n c e p t i o n  49 6 2" 
R ate ( % )  
1 st A I  

C o n c e p t i o n  59 6 7  
R ate ( % )  
2nd A I  

Services per 1 .9 1 .  7b 

Conception 

Probabil ity a =  P <  0.01 b =  P <  0 . 0 5  c =  P <  0. 1 0  

( ) Number of cows in parentheses. 

24. 7 "  1 .8 3 6 . 7  2 . 6  

54 .8  3 . 2  6 1 . 2  4 . 3  

30.0 2 .9  24 .4  3 . 6  

4 6  62" 

5 7  6 5  

1 .9 1 .6• 

1 70 



Table 3. 7 Conception rates (%) ,  services per conception and least 
squares means (SEM) of planned start of mating (PSM) to 
first insemination (AI) ,  PSM to conception and intervals from 
1 st AI to conception (days) in non-cycling cows in Year-round 
Herds. 

Group Treatment Control 
(36)  ( 1 5) 

PSM to 1 st Insemination 36 .0 4 .8  46 .7  7 . 2  

P S M  to Conception 54.28 7 . 0  7 7 .0 1 4.4 

I nterval 1 st AI  1 8 . 2  6 . 1  30 .2  1 4 . 8  
t o  C onception 

C onception Rate (%)  64  60  
1 st Insemination 

Conception Rate (%)  7 1  50 
2nd Insemination 

Services per Conception 1 . 68 2 . 2  

Probabil ity a =  P < 0 . 1 0  
( ) N umber of cows in parentheses. 

1 7 1 



Ta ble 3.8 Conception rates ( % ) ,  services per conception and least 
squares means (SEM) of planned start of mating (PSM) to 
first insemination (AI ) ,  PSM to conception and intervals from 
1 st AI to conception (days) in non-cycling cows in Seasonal 
herd. 

G roup Treatment Control 
(6 )  (5) 

PSM to 1 st 2 5 . 1 3 .3  2 1 .0 2 .2  
Insemination 

PSM to Conception 90 .4  1 6 . 1  32.6" 5 . 9  

I nterval 1 st A I  39 . 1 1 2 . 4  28 . 1  7 . 5  
t o  C onception 

C onception Rate (%)  2 1  43 
1 st Insemination 

C onception Rate (%)  35 42 
2nd Insemination 

Services per Conception 2 . 9  1 . 5" 

Probability a =  P < 0.05 
( ) Number of cows in parentheses. 

1 7 2 



Table 3.9 

Farms 

A 

B 

c 

D 

TOTAL 

Percentage (%)  of cows in oestrus and inseminated in 
treatment group during the 5-Day period and in control cows 
during the 38-Day period. 

N °  of Type of Treatment Control 
Animals Farm Group (%)  Group( % )  

1 02 Year-round 79c 5 9  

1 24 Year-round 7 1 b 5 6 

207 Year-round 70° 54 

70 Seasonal 8 7  8 7 
(Autumn) 

1 03 Seasonal 7 5° 5 9  
(Spring) 

608 7 6" 63 

Probability a =  P< 0.00 1 b =  P <  0.06 c =  P< 0.05 

1 73 



Table 3.10 Percentage ( % )  of cows in oestrus and inseminated in treatment group during the first period of artificial 
insemination (3-day period) .  

Farms Total 

A 60 

8 5 9  

c 5 5  

o· 94 

Db 63 

TOTAL.  67 

Cycling-Non-cycling cows 
% lnsem'd at: 

48 h 7 2  h 

26  1 7  

3 6  9 

2 2  2 5  

45 27 

32 1 6  

3 2  1 9  

a - Autumn-calving Herd b = Spring-calving Herd 

9 6  h Total 

1 7  65 

1 4  63 

7 65 

2 1  93 

1 4  68 

2 1  7 1  

Cycling cows 
% lnsem'd at: 

48 h 

28 

35 

25 

45 

34 

33 

72 h 

1 9  

1 0  

29 

26 

1 9  

2 1  

96  h 

1 7  

1 7  

1 0  

2 2  

1 4  

1 6  

..... 
-.1 
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Table 3. 1 1  Effect of dose rates of prostaglandins (PGF) at CIDR-B 
removal on oestrus and fertility in cows. 

Dose of N° of 0 e s t r 0 u s Conception 
PG F Cows Response at 1 st AI  

( % )  ( % )  

500 mcg 1 54 68 44 

250 mcg 1 38 7 2  48 

1 7 5 

Rate 



Table 3 . 1 2  

G roup 

Treatment 

C ontrol 

Effect of treatment with progesterone on 
conception rate at second artificial insemination 
(AI ) in treatment and control groups. 

Numbe r  of Cows 

8 4  

7 6  

Conception Rate 
at 2nd AI 

(%) 

50 

5 8  

1 76 



Ta ble 3 . 1 3  Least squares means (SEM) of plasma progesterone 
concentrations (ng/ml) in non-pregnant (NP)  and pregnant ( P) 
cows treated with CI DR-8. and prostaglandins (PGF) or 
pregnant mare serum gonadotrophin (PMSG) .  

CIDR-8/PGF CIDR-8/PMSG 

Treatment NP p 
(50) (50) 

Sample 1 b 3. 1 0 .4  4. 1 0 .5  

2c 2 .3" 0 . 3  8 . 7  0.4 

0 .38 0 . 1 7 . 1  0.4 

Probabi lity a =  P < 0.01  
b = sample taken when a new CIDR was removed 
c = sample taken when the re-used C I DR was removed 
d = sample taken at the morning after  the re-used C I DR was removed 
( ) N umber of cows in parentheses. 

N P  p 
(26) (33)  

2 . 8  0 .4 5 .0 1 . 8 

2 . 6" 0.4 9 . 3  1 .  1 

0 . 3" 0 . 1 8 .4 0 . 7  

1 77 
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ABSTRACT 

This study was designed to evaluate the effectiveness of using a mi lk 
progesterone test to identify non-pregnant animals and consequently improve 
oestrus detection rates in a management system for dairy herds involving 
systematic control of the oestrous cycle.  The ideal synchrony system will be one 
which can at least maintain normal ferti l ity, produce a high degree of synchrony 
and be economically used to control the oestrous cycle for fi rst insemination, as 
well as for subsequent inseminations among those animals which return to 
service. The controlled breeding programme used in this study involved cows 
which had calved at least 35  days post-partum and were selected for the 
programme. They were examined and randomly al located to treatment or control 
groups. Each treated cow had a C IDR inserted for 1 0  days and was ta il painted .  
At device removal ,  an injection of  prostaglandin F2 a: (PGF) or  pregnant mare 
serum gonadotrophin (PMSG) was given depending on whether animals were 
cycl ing or non-cycling , respectively. They also had raddle applied over the paint 
at device removal .  Cows were inseminated on detected oestrus over the fi rst 
synchronization period . The used C IDR  was re-inserted for 6 days from 1 4- 1 6 
days after original removal and each cow was tail painted again.  At removal of the 
used device, the paint strips were also re-raddled . The second period of AI on 
oestrus detection commenced and was completed within 2 days. In a herd with 
a year-round milking system, this programme meant that a new group of cows 
would enter the breeding schedule on every fourth Wednesday. 

Milk and blood sam ples were collected for progesterone assay at the morning 
milking 24 h after the re-inserted C I D R  was removed. Plasma progesterone 
concentrations were measured using a radioimmunoassay ( R IA) technique, and 
each milk sample was measured by RIA and a progesterone ELl  SA assay kit. Each 
farmer was informed on the same day as sam ples were taken which cows could 
be expected in oestrus over the next 2 days. 

The average percentage of non-pregnant cows inseminated during the second 
period of AI was 6 3 % ,  and varied from 44% to 7 7 . 2 %  among individual herds. 

9 7 . 6 %  of pregnant cows had mi lk  progesterone concentrations between 3 and 
39.9 ng/ml , and 9 9 . 5 %  of the non-pregnant animals were < 3 ng/ml .  In non­
pregnant cows, the average concentration of progesterone was 0 . 2  ± 0 . 1 ng/ml 
one day after the re-used C I DR had been rem oved . In pregnant cows the average 
was 9 . 7  ± 0 . 7  ng/ml (P < 0.00 1 ) . 

These data showed that in general ,  the identification of non-pregnant animals did 
not improve the percentage of animals inseminated over the second period of A l .  
Therefore, providing information on  pregnancy status d id  not lead to  high 
detection rates. The incidence of false positive diagnoses (0 . 6 % )  and embryonic 
death (2 .4%) were remarkably low. 
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INTRODUCTION 

l t  is recognized that the m ost common problem in  breeding management in dairy 
herds has been and wi l l  continue to be oestrus detection ( Macmi l lan, 1 988 ) .  
Traditional methods of  oestrus detection are time consuming,  requiring at  least 
two dai ly observation periods of 30 minutes (E imore, 1 98 7 ) .  Since the 
introduction of simple techniques l ike ta i lpainting (Macmil lan and Curnow, 1 977 ) ,  
there has been a reduction of the occurrence of this problem in  seasonal dairy 
herds in New Zealand . Controlled breeding programmes should have the potential 
to reduce this problem in all da iry herds. However, control m ust extend beyond 
the fi rst insemination ( Macmil lan, 1 988 ) .  

Good reproductive management requires accurate pregnancy diagnosis as soon 
as possible after insemination to identify both non-pregnant and pregnant animals 
(Melrose, 1 9 79) .  Measuring progesterone concentrations in  either milk or blood 
provides an effective way of monitoring ovarian activity in  cattle as well as 
detecting pregnancy (Melrose, 1 9 76) .  

Several reports have demonstrated the usefulness of measuring mi lk progesterone 
for monitoring reproductive status. These include : 

i )  the early d iagnosis of non-pregnant and pregnant 
animals (Cox et a l . ,  1 9 78) ;  

i i )  confirmation and prediction of  oestrus (Reimers et  
a l . ,  1 98 5 ) ;  

i i i )  identification of the resumption of post-partum 
ovarian activity (Fagan and Roche, 1 98 6); 

iv) monitoring reproductive components associated with 
ovarian activity and embryo mortality ( Booth, 1 980 ;  
Moller e t  a l . ,  1 986) ;  and , 

v) integration of hormone assays i nto ferti l ity 
programmes (lamming and Bulman, 1 976; Foote et 
a l . ,  1 979 ;  Benmrad and Stevenson, 1 986) .  

S ince the development of enzyme immunoassay techniques (EL ISA) ,  new and 
faster methods of measuring progesterone are avai lable commercially. These 
tests have been compared with a previously validated radio immunoassay ( [R IA] ;  
Nebel et a l . ,  1 989) .  EL ISA tests have been used to  select non-lactating beef 
cows for prostaglandin treatment in an oestrus synchronization programme 
( Meyers et a l . ,  1 988 ) .  A breeding programme involving the incorporation of a 
rapid progesterone assay and prostaglandin F2 a: ( PGF) treatments was used to 
detect and solve the problem of oestrus detection (E imore, 1 98 7 ) .  lt was also 
used to determine the reproductive status of c ows on days 2 1 -24 after 
i nsemination (Wimpy et a l . ,  1 98 6; Worsfold et al . ,  1 987; Nebel  et a l . ,  1 987) ,  to 
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confirm oestrus (Van de Wiel et a l . ,  1 982 ;  Foulkes et a l . ,  1 982) ,  and to m onitor 
reproductive activity in  cows at various stages of the oestrous cycle (Stanley et 
a l . ,  1 986 ) .  The use of a rapid progesterone assay in embryo transfer programmes 
has been also reported (Al ien and Foote , 1 988; Foote, 1 988) .  However,  the 
potential uses of the controlled i nternal drug release device (CIDR) for controll ing 
return to service intervals,  combi ned with mi lk  progesterone estimation to improve 
oestrus detection and detect non-pregnant animals, has not been reported.  The 
aim of this study was to evaluate the effectiveness of using milk progesterone 
test to identify non-pregnant animals a nd consequently improve oestrus detecti on 
rates and to reduce the average return to service intervals in a management 
system for dairy herds, involving systematic control of the oestrous cycle. 
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LITERATURE R EVIEW 

Measuring progesterone concentrations in  either milk or blood provides an 
effective way of monitoring ovarian activity in cattle. The changes in 
concentration of progesterone in cow's mi lk have been shown to be an indicator 
of the cow's reproductive status, and can be used in reproductive management. 

The uses of a progesterone test to monitor reproductive status include: 

a )  early diagnosis of non-pregnant and pregnant animals; 

b) confirmation and prediction of oestrus; 

c)  identification of the resumption of post-partum ovarian activity; 

d) monitoring reproductive components associated with ovarian activity 
and 

embryo mortality; and 

e) integration of hormone assays into ferti l ity control programmes. 

Improved reproductive efficiency depends on being able to inseminate 
cows at the correct time, and to know as soon as possible that they are pregnant. 
Precise monitoring should al low ferti l ity problems to be detected before treatment 
or cul l ing (Melrose, 1 9 79) .  

Early Detection of Non-pregnant and Pregnant Animals. 

lt is  frequently suggested that good reproductive management requires accurate 
pregnancy diagnosis as soon as possible after insemination,  to identify both 
pregnant and non-pregnant animals w ithout having the diagnosis confounded by 
subsequent embryonic mortality. One possibil ity to achieve this objective involves 
the use of a system based on progesterone assay results from a single mi lk 
sample at 20-26 days after i nsemination. The negative results (non-pregnant) 
were between 93.9  and 1 00 %  accurate, whereas the accuracy of the positive 
results ( [Pregnant] 67 .2-9 5 . 2 % )  was compl icated by the incidence of embryonic 
mortality, and by the initial insemination of a cow during dioestrus i nstead of at 
true oestrus ( Melrose, 1 979; Foote et a l . ,  1 979;  Van de Wiel et a l . ,  1 982 ;  Davies, 
1 983;  Chang and Estergreen, 1 983;  Reimers et al . ,  1 985; Moller, et al . ,  1 98 6; 
Worsfold et a l . ,  1 987 ) .  

Later pregnancy testing also was carried out when each cow was 
potentia l ly 42-45 days pregnant. For this system, it was necessary to take two 
or three mi lk samples at fixed days (Davies, 1 983) .  Other researchers have 
reported that identification of non-pregnant animals by rectal palpation at 60 days 
was significantly more accurate than progesterone determination at 20 days post­
insemination (Roche and Prendivil le, 1 978 ) .  In that study, veterinarians predicted 
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pregnancy by rectal pal pat ion, w ith 9 2 . 5 %  accuracy. 

Davies ( 1 983) also remarked that in herds with a large number of negative 
results for pregnancy, the positive identification of pregnant cows was l iable to 
be less accurate. This was due to the poor ferti l ity of these herds .  

Confirmation and Prediction of Oestrus. 

Accurate detection of oestrus is essential  for successful use of a rtif icial 
insemination (AI ) .  The verif ication of progesterone concentrations in m i l k  from 
cows with questionable signs of oestrus is an important use of mi lk progesterone 
assays. 

Low mi lk progesterone concentration alone is not a positive indicator of 
oestrus. However, a high m i l k  progesterone concentration confirms that a cow 
is not in oestrus. Reimers et a l .  ( 1 985 )  have shown that the proportion of cows 
in d ioestrus when inseminated varied from 0 to 60 % among d ifferent herds. 

Artificial insemination after a decl ine in mi lk progesterone concentration 
has been used by Foulkes et a l . ( 1 982) .  Cows in the treatment g roup were bred 
2 days after detecting the fal l  in  mi lk  progesterone concentration accompanying 
luteolysis of the corpus luteum , whereas cows used as controls were observed 
for oestrus and then inseminated during the same period. There were 9 7 . 5 %  of 
cows in the progesterone assay g roup inseminated during the study-period of 30 
days, compared with 70. 7 %  of the cows in the control group. At 24 days after 
insemination, a similar proportion of those animals inseminated in both g roups had 
high progesterone (64% vs 6 7 % ) .  

I n  a study designed t o  predict oestrus using a n  ELISA test (Eddy and Clark, 
1 9 8 7 ) ,  milk samples from 2 herds were collected and analyzed for progesterone 
concentration between 1 6  and 24,  or 1 7  and 23 days after insemination. A heat 
detector was applied fol lowing a fall in progesterone concentration, and cows 
were inseminated either after an observed oestrus or after the heat detector 
device was triggered . The proportions of 1 8-24 day inter-service i ntervals were 
increased by 39% and 24% i n  the two herds. Moreover, among cows with low 
concentrations of progesterone on day 24, 66 .4% were low on day 1 9  and 94% 
l ow on day 22 after insem ination. Also, 82% of cows had low progesterone 
concentrations for more than 48 h before they were inseminated , and only 66% 
of  the inseminations were made between 3 and 4 days after i nitial progesterone 
testing . This indicated that because progesterone concentrations remained low 
for more than 48 h after luteolysis ,  AI by appointment was considered 
unacceptable because of the possibil ity of reduced pregnancy. Sampling on days 
1 8 , 20, 22  and 24 after i nsemination could a l low oestrus to be predicted with a 
high degree of accuracy, but w ith an i ncreased cost. 

Eddy ( 1 985 ,  see Quintan,  1 98 7 )  attempted to evaluate the effect of 
alternate day mi lk testing for progesterone on oestrus detection rates following 
the first insemination. As a result of the use of progesterone assays in  this study, 
the accuracy of oestrus detecti on increased and hence the percentage of 2- 1 7  
days inter-service intervals  decl ined from 20.9% to 7 .  6 % .  Moreover ,  the 
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percentage of 1 8-24 day inter-service intervals increased from 24. 7 %  to 5 3 . 3 % ,  
and number o f  inter-service i ntervals g reater than 3 5  days was reduced from 
40. 5 %  to 1 8 . 8%.  

Another study using assays of m i l k  progesterone showed that only 5 3 %  
o f  fi rst post-partum ovulations resulting in  i ncreased mi lk progesterone 
concentrations were associated with an oestrus which was detected by a 
herdsman. However, the mi lk  progesterone profi les showed that over 80% of 
cattle had actually ovulated within 60 days post-partum (Bal l ,  1 980) .  In this 
study, cycling cows which were at least 50 days post-partum,  but not observed 
in oestrus, samples were assessed using R IA,  and injected with PGF if they had 
a progesterone concentrations indicative of luteal  activity. The improved 
detection of oestrus using the progesterone assay and subsequent treatment of 
such cattle with PGF reduced the mean interval from calving to conception 
compared with the control g roup of herdmates ( 9 6 . 8  vs 1 05 . 7  days, respectively) .  
Non-cycl ing cows at 35 days post-partum ,  which were confirmed as non-cycl ic 
by mi lk progesterone assay, were treated with a PR I D  (progesterone releasing 
intravag inal device) which was inserted for 1 0 days. The mean interval from 
calving to conception was reduced from 94.4 days (in controls) to 80 days i n  
treated cows. 

Another experiment involved a herd having poor oestrus detection and a 
pregnancy rate to first service a bout 40 % .  The mi lk  progesterone records start ing 
at 50 days post-partum revealed that 98% of cows were cycl ing . lt was found 
that signs of oestrus were m issed , and that many cows apparently were reported 
for insemination on the basis of incorrect interpretat ion of signs of oestrus. When 
the animals were inseminated on oestrus detection which coincided with low 
progesterone values, the pregnancy rate was over 60% (Foote et al . ,  1 9 79) .  

I n  order to  solve the problem of oestrus detection, a breeding programme 
involving the incorporation of a rapid progesterone assay and PGF treatments was 
reported by Elmore ( 1 987 ) .  Milk samples were col lected from all  normal cows 
known to be more than 60 days post-partum .  Each cow with a high 
concentration of progesterone was injected with PGF a nd i nseminated 72 and 8 6  
h after injection, regardless of signs of oestrus. The cows with low 
concentrations of progesterone were re-sampled a nd re-tested 7 days later. 
Those cows with continually low progesterone c oncentrations were examined to 
determine the cause of anoestrus, and those with high progesterone 
concentrations were injected w ith PGF and inseminated 72 and 96 h later. The 
d iagnosis of pregnancy was d one twice; first by progesterone in mi lk with a 
sample taken on day 2 1  after insemination, and then by rectal palpation. Any 
non-pregnant cow was put back into the breeding programme. The pregnancy 
rates were similar to prior pregnancy rates in the herd (40%) .  Although this 
programme d id not improve the poor pregnancy rate c ommonly experienced during 
the hot months, the benefit of the programme was to save labour. 

Ruiz et al. ( 1 989)  used modell ing and simulation to evaluate the effect of 
using an on-farm milk progesterone test for early detection of non-pregnancy and 
for prevention of insemination errors. For early detection of non-pregnancy, three 
testing schemes were compared against a control. The test extended the i nterval 
from calving to first inseminati on by 3 days, decreased the interval from calving 
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to conception by 4 days, and reduced the replacement rate by 2 % .  Also, the net 
return per cow per year was increased . For preventing insemination errors, two 
error rates in oestrus detection were compared . The test resulted in  0. 1 6  fewer 
services per conception, but increased the interval from calving to conception by 
3 days. The net return per cow per year was less than cows in the control group .  
Although the effect o f  the test was greater i n  herds with problems of  oestrus 
detection, it was found to be unprofitable under the assumed cost and returns. 

I dentification of Resumption of Ovarian Activity after Calving. 

Acyclicity in non-pregnant animals may be an ind ication of post-partum anoestrus, 
ovarian foll icular cysts or uterine disturbances. Early d iagnosis of any of these 
disorders is essential i f  a calving interval of 3 6 5  days is to be mainta ined . 
Because progesterone values vary according to the stage of the cycle, more than 
one sample is required for diagnosis .  In order to  study the accuracy of 2 
progesterone samples i n  identi fying cycling dairy cows, Heinonen et a l .  ( 1 98 8 )  
found that i n  cows which had started to cycle by 50 days post-partum, samples 
should be taken at intervals of 8 days. However, in  cows which have started to 
cycle by 60 days post-partum, the lowest percentage of false positive results 
occurred when samples were taken at intervals of 1 0  days . 

Fagan and R oche ( 1 986)  monitored the post-partum reproductive activity 
of 463 dairy cows, based on progesterone assay and rectal palpation. The mean 
interval from calving to fi rst progesterone r ise was 30.6 ± 0.9 days.  Based on 
progesterone concentrations in mi lk ,  3 1 % of cows were non-cycling by 30 days 
and 7% by day 50 post-partum . There were 7 1 9  ovulations confirmed in  a l l ,  of 
which 38% were associated with observed oestrus; 1 0 %  of observations of 
oestrus were found not to be associated with ovulation, and short cycles occurred 
in 4% of cows. 

Monitoring of Reproductive Components associated with Ovarian Disorders and 
Embryo Mortality. 

lt is  difficult to distinguish between follicular and luteal cyst by rectal palpation .  
Once the presence of  an ovarian cyst has been determined by rectal palpation,  
d ifferentiation can be made on the basis of  progesterone concentrations i n  blood 
or milk. 

Milk samples were taken from cows with supposed cystic ovarian d isease. 
A correlation made between the diagnosis by rectal palpation from the veterinarian  
at  the time of  examination, and that made as a result of the progesterone assay 
showed that the veterinarian was correct in the diagnosis  of foll icular cysts at 
80% of examinations, but only 5 2 %  were correct for the diagnosis of luteal  cysts 
(Booth, 1 980).  In contrast, Leslie and Bosu ( 1 983) found that rectal palpation 
accurately determined the presence of luteal c ysts as confirmed by progesterone 
in plasma, but palpation was much less accurate for the diagnosis of foll icular 
cysts. 

In another study, mi lk progesterone assessed by ELISA was used to m a ke 
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a d ifferential diagnosis of fol l icular and luteal cysts and cystic c orpora lutea,  
because it  was not possible to accurate ly differentiate between these structures 
by rectal palpation (Nakao et a l . ,  1 98 3 ) .  

Several studies have used mi lk progesterone profiles t o  m onitor possible 
embryonic l oss in  cattle. l t  occurred in 1 0 . 5 %  of cattle between 25 and 60 days 
after insemination , with the majority of losses occurring between 30 and 45 days 
after insemination (Kummerfeld et al . ,  1 978; Ball , 1 978) .  

Foote et al . ,  ( 1 979 )  had estimated a 22 . 7 %  loss between 28 and 75 days 
after insemination. This clearly over estimated the embryo m ortality because 
many cows in oestrus before 28 days were missed according to normal cycl ic 
patterns in  mi lk progesterone . The embryo mortal ity by mi lk progesterone taking 
into account cycles longer than 27  days after insemination , was 7 . 2 % .  

A New Zealand trial was based o n  progesterone measured b y  R I A  i n  mi lk  
in samples which were col lected on the day of insemination and 7,  23 and 30 
days later from 2274 cows in  1 4  herds (Moller et  a l . ,  1 98 6 ) .  Two additional 
samples were col lected from cows which returned to service more than 35  days 
after the fi rst AI , one on the day of the return, and another  7 days later. Late 
returns after the 35th day occurred in 8 . 6 %  of the cows, and the estimated 
incidence of losses of concepta was 4 . 8 % .  These results a lso indicated that of 
these apparently late-returning c ows, 5 5 . 9 %  suffered a loss of the conceptus , 
22 . 1 %  had not been observed but had been in oestrus around 2 1  days after A I ,  
1 1 .8 %  had a late return, 2 . 6 %  were in pro-oestrus o r  dioestrus a t  insemination, 
and 2 . 1 %  went into anoestrus a fter an oestrous insemination. 

The systematic use of mi lk progesterone assays has produced lower estimates of 
embryonic mortal ity than est imates based in return to service i ntervals .  In 
Mol ler's study, the average prevalence at late returns after the 3 5th day was 
8 . 6 %  and the estimated prevalence of embryonic mortality was 4 . 8 % .  Other 
studies have shown higher incidences of late returns which ranged from 1 2. 5 %  
t o  20 . 3 %  for returns greater than 2 5  days after insemination (Wijeratne, 1 9 73;  
Kummerfeld et a l . ,  1 97 8 ;  Kidder ,  et a l . ,  1 984) .  However ,  Kummerfeld et  a l .  
( 1 978 )  reported only 7 . 2 %  of l ong returns were related to  embryonic mortality. 
A prevalence of 7 . 2 %  based on R IA  w ould have been est imated at 2 2 . 7 %  if a 
delayed return to oestrus had been the method employed . 

Integration of Hormone Assays into Fertility Control Programmes. 

Assaying progesterone in  mi lk can be useful i n  evaluating responses to endocrine 
treatment, and to interpret experiments and field trials designed to study the 
reproductive endocrinology of c ows and to improve their reproductive effic iency. 

A herd health program m e  in  1 0 herds was used in a study of the value of 
milk progesterone in detection of oestrus, early detection of non-pregnancy and 
for d iagnosis of problem cows (Foote et al . ,  1 979 ) .  Milk samples were taken 
three times weekly between 3 5  and 60 days post-partum in normal a nimals, three 
t imes over a 28-day period in cows with reproductive problems, on the day of 
each insemination and at 2 1  a nd 23 days after insemination. The predicted 
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pregnancy and non-pregnancy rates in com parison with diagnosis by rectal 
palpation were 98% accuracy for non-pregnant and 80% for pregnant animals, 
respectively. Also, 8 2 %  of the cows had initiated and completed oestrous cycles 
by 60 days post-partum. The remaining 1 8 % had persistent high or low 
progesterone profi les. These profiles were associated with pyometra and with 
fol l icular cysts. 

In one seasonal herd , a regime including synchronization of oestrus with 
fixed time insemination and pregnancy diagnosis by progesterone assay in mi lk on 
days 23 and 24 after insemination, was conducted in the U . K  (Eddy, 1 983 ) .  
Calving to conception interval and cull ing rate were reduced , and the conception 
rate was improved. 

Samples col lected twice-weekly for mi lk  progesterone assay have been 
successful ly used for ferti l ity control by identifying non-pregnant animals at 2 1  
days after insemination, or cows inseminated at the wrong stage of the cycle, and 
also for differential diagnosis of ovarian cysts, pyometra and problems associated 
with control of oestrus. Lamming and Bulman ( 1 9 7 6 )  found that twice a week 
sampl ing of milk for progesterone assay provided a more rational basis for 
differentiating problems of si lent oestrus, anoestrus and persistent corpus luteum . 
Bulman and Lamming ( 1 978)  used a progesterone assay to study the onset of 
ovarian activity post-partum, the relationsh ip  between progesterone 
concentrations and conception rate, and profi les of progesterone in repeat breeder 
animals. 

Mi lk progesterone testing 1 0 days after injection of gonadotrophin releasing 
hormone (GnRH) was used to monitor effective luteinization of foll icular cysts, 
and showed that those cows with fol l icular cyst as defined by ELISA of mi lk 
progesterone, had a 70% response to treatment. Therefore, progesterone assays 
could be used to determine if re-treatment was needed (Nakao et a l . ,  1 983) .  

Response to  treatment with PGF is dependent upon the presence of  a 
functional corpus luteum. Mi lk progesterone testing before and 3 days after 
administration of PGF accurately assessed the success rate of the treatment 
(Benmrad and Stevenson, 1 986) .  

The use of  a rapid progesterone assay in e mbryo transfer programmes has 
been reported (Foote , 1 988 ) .  Three milk samples were collected from each of 5 
cows. The first was col lected to determine if each c ow selected to become an 
embryo donor had a functional corpus luteum .  C ows with low progesterone 
concentrations at this time could be discarded from the programme. This saved 
time and reduced cost of drugs and semen. The second sample was taken 24 h 
after injecting PGF to ensure that luteolysis of the corpus luteum occurred in  cows 
with non-visible signs of oestrus but with low progesterone concentrations so that 
they could then be inseminated . The third sample was collected after the donors 
were inseminated and just before the embryos were flushed and recovered.  This 
sampling was to predict the ovarian response and possible number of embryos 
which could be collected . 
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Assay Methods of Measuring Progesterone. 

The first routine analyses were conducted using R IA  methods. 

R IA's for this purpose used tritiated progesterone as a label (Heap et al . ,  
1 973) ,  but an alternative R IA  using progesterone labelled with 1 251  was then 
proposed (Alien et al . ,  1 980) .  Both of these methods gave accurate and rel iable 
results, but they were relative ly expensive and slow as they required special ised 
a nd expensive equipment and qualified technical support. They suffered from the 
problems associated with the use of radioisotopes , e .g .short shelf l ife of label 
( 1 251 ) ,  cost of scinti l lation and radioactive waste disposal (3H ,  1 4C ) ,  and a restrict ion 
of use to institutions which had approval and faci l ities to handle radioisotopes 
(Arnstadt and Cleere, 1 98 1  ) .  Also, shipping,  processing and response t ime 
produced variations in  the not ification of results from 2 to 1 0  days (Bishop et a l . ,  
1 9 7 6 ) .  Such problems have prompted the search for a lternative labels for use i n  
immunoassays. 

Enzymes have received the greatest attention because enzyme markers 
offer the possibil ity of achieving assays with practicability, sensitivity, and 
reproducibil ity sim i lar to those of  R IA (Wisdom , 1 9 7 6; Vol ler and Bedwell, 1 9 7 8 ) .  
N e w  and faster methods o f  measuring progesterone such as EL ISA assays and a 
latex agglutination assay are now commercial ly ava i lable. Development of these 
methods has removed many of the constra ints associated with R IA use because 
of thei r  general accessibil ity, low cost and the innocuous nature of reagents 
employed . Moreover ,  their use in on-farm testing can el iminate shipping and 
processing , and reduce response time (Bishop et a l . ,  1 976) ,  without reducing 
accuracy (Nebel et al . ,  1 987 ) .  Many of these tests can be performed on the farm 
and results are avai lable within minutes .  Their are designed to identify high or l ow 
progesterone concentrations, rather than numeric va lues of concentrations . The 
evaluation of the result is based on e ither a colour change or an agglut ination 
reaction which is compared with known standards .  The type of reaction is 
determined by the conjugate-substrata system which is employed . 

Correlation coefficients of EL ISA results with those from a previously 
validated RIA where both methods were performed in  the laboratory have been 
from 0 .93  to 0.9 respectively ( Chars and Estergreen, 1 983) .  However, where the 
EL ISA was performed on-farm and the RIA was performed in the laboratory, the 
correlation coefficient was only 0 .  79  (Nebel et a l . ,  1 987) .  

Principles and Characteristics of Milk Progesterone Tests. 

1 .  Enzyme-linked immunoa bsorbent assay. 

Procedures for performi ng ELISA mi lk progesterone assays vary with each type 
of test. However ,  the principles of each assay a re simi lar and are based on the 
same principles as R IA.  The d i fference between EL ISA and RIA is related main ly 
to use of  an enzyme rather than a radioactive i sotope to label progesterone. The 
EL ISA test uti l izes the pr inc iples of  competitive a bsorption of  progesterone i n  m ilk  
to a specific antibody for progesterone,  which is  coated onto a plastic tube. 
When milk is added to the system, progesterone attaches to specific antibodies 
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at the progesterone binding sites. 

A progesterone-enzyme conjugate is  added,  immediately following m i lk  addition 
(three conjugates have been tested : a lka l ine phosphatase, 8-galactosidase and 
horseradish peroxidase ) .  The progesterone-enzyme conjugate attaches to 
unbound antibody sites. Therefore, the greater the concentration of progesterone, 
the lower the bind ing of conjugate to antibody. Fol lowing a brief incubation ( 1 - 1 5  
minutes), tubes are emptied and rinsed with water. The next step i s  the addit ion 
of the substrata. The degradation of substrate is  inversely proportional to the 
concentration of progesterone . The final step involves addition of developer 
(chromogen) which reacts with modified substrate to produce a colour reaction. 
This reaction can be evaluated after a brief i ncubation of 1 to 5 m inutes, 
depending upon the specific test being used .  

The amount of colour development is  inversely proport ional to the 
concentration of progesterone in the mi lk  sam ple. For example, a sam ple from a 
cow with a high concentration of progesterone wi l l  produce a sl ight colour change 
or remain clear. In contrast, a sample from a cow with a low concentration of 
progesterone wi l l  show a dark or intense colour change. 

The classification of the colour reaction is one l imitation of E L I SA tests. 
To overcome this problem, specific samples, each of known concentrati on of 
progesterone, are analyzed at the same time as the unknown mi lk  samples. Most 
test kits include two standards for com parison; one for oestrus ( low level of 
progesterone) ;  and one for pregnancy (high level of progesterone) .  H owever, 
other tests uti l ize only a single known standard for comparison . Using the single 
standard system ,  concentrations associated with oestrus result in  a darker than 
standard reaction, whereas concentrations above the standard are associated with 
the luteal phase or pregnancy. 

2. Latex Agglutination Test. 

Equal amounts of mi lk ,  antibody, and progesterone-coated latex beads are m ixed 
together and a pplied to a reaction sl ide. The m ixture diffuses across the sl ide in 
a narrow channel so that, the latex beads a nd solutions interact with each other 
to provide a thin mi lk  f i lm. Mi lk  containing a high concentration of progesterone 
results in progesterone ant ibody bind ing . This prevents agglutinat ion,  with the 
mixture appearing as a smooth mi lk  f i lm in the readout window. In c ontrast, a 
low concentration of progesterone allows the progesterone-coated latex beads to 
agglutinate to varying degrees, resulting in  a gra iny appearance i n  the readout 
window. This test d oes not use a standard for comparison, because the final 
ind icator is the smooth versus grainy appearance of the milk fi lm ( Nebel , 1 988 ) .  

There are a t  least 8 commercia l ly  avai lable mi lk  progesterone kits throughout the 
world .  In the present experiment ,  the B . E . S .T. test was used. lt is a lso the only 
non-ELISA milk progesterone test commercial ly available in  New Zealand. lt  is 
based on a reaction between latex beads coated with progesterone m olecules and 
antibodies, which have a specific attraction to progesterone. 

The development of mi lk  progesterone kits i n  other countries has resulted in  
recommended uses which are m ore suitable for town supply farms in  New 
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Zealand . Basical ly, it involves testing for low or no progesterone levels. 

The progesterone assay can be used to provide information which a herd 
owner may use to reduce the wide variabil ity among cows in inter-service 
intervals. This can be done by identifying those cows which are l ikely to return 
to oestrus following the f i rst or any other insemination .  N on-pregnant cows 
return to oestrus 1 8  to 24 days after insemination . If this oestrus is  not detected , 
then the return to service i nterval is about 42 days. This assay can be used as 
follows: 

i) to im prove conception rates, by avoiding those 
animals which would otherwise be inseminated when 
they are not in  oestrus; 

i i )  to identify cows thought to be in  anoestrus by the 
dairyman; and , 

i i i )  to aid in the d iagnosis of cystic ovaries, so that the 
dairyman can identify the affected cow by taking a 
mi lk sam ple from this cow prior to veterinary 
examination by rectal palpation,  to increase the 
accuracy of veterinary diagnosis . As a result, a m ore 
specific treatment may be given to this condit ion. 

I n  these cases, the calving to first AI interval can be reduced for some cows. 

The potential uses of C IDR 's for control l ing return to service intervals a mong 
cows in autumn-calving or town supply farms com bined with mi lk  progesterone 
testing could have a great application for detecting non-pregnant animals and 
increasing rates of oestrus detection in  herds where it is common to find low 
rates, especial ly during winter. 



OBJECTIVE 

a)  To evaluate the effectiveness of using a "cow side "  
m i l k  progesterone test to identify non-pregnant 
animals and consequently improve oestrus detection 
in  cows previously synchronized in  a control led 
breeding management system.  

1 99 
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MATERIALS AND METHODS 

This study was carried out in four commercia l  (4) town-supply dairy herds i n  the 
Manawatu area of New Zealand . lt involved the use of a controlled internal d rug 
releasing device (Eazi-Breed C I DR1m-B ,  Carter Holt Harvey Plastic Products, 
Hamilton . N .Z . ) .  Each device consisted of a si l icone elastomer impregnated with 
1 . 9 g progesterone . This was combined with strategic use of PG F (Estrum ate,  
Coopers, Upper Hutt . N .Z. )  and pregnant mare serum gonadotrophin ( PMSG , 
Fol l igon, lntervet Chemavet Distributors Ltd , Auckland. N .Z . ) .  

Experimental Design. 

The ideal synchrony system wi l l  be one which can at least maintain normal 
fertil ity, produce a high degree of synchrony, and be economical ly used to c ontrol 
the oestrous cycle before first ,  as well as before subsequent inseminations a m ong 
those animals which return to service. 

This concept was included in  the fol lowing protocol which was used with the 
treatment group of cows in each herd : 

Day 0: Wednesday, All cows which had ca lved at least 35 days and were 
identified to start the programme were examined by an experienced veter inar ian 
before being randomly d ivided into three sub-groups (defined below) ,  based on 
calving date. Each cow had a C IDR  device inserted and was tail-painted .  

Day 1 0 : Saturday, C IDR 's were rem oved .  The cycl ing cows (ovaries of  
good size and with palpable structures) were injected with either the 
recommended luteolytic dose of Estrumate ( 500 pg i .m. Estrumate, group TF) or 
half the dose of PGF (250 pg i . m .  Estrumate, group TH) . Raddle was appl ied over 
the tai lpaint. The non-cycling cows (ovaries were smal l ,  hard and without any 
palpable structures) received PMSG (400 I . U .  i . m .  Foll igon) , p lus raddle over the 
paint str ip. 

Day 1 2- 1 4: Monday-Wednesday. C ows were inseminated on detected 
oestrus. lt was expected that 80-90% of c ow s  would be inseminated during these 
3 days. 

Day 28: Wednesday. A used/washed/stored CIDR was re-inserted i nto the 
vagina of each cow, which was tai lpainted again .  

Day 33:  Tuesday. C IDR's  were removed a nd the paint strips were also re­
raddled. 

Day 3 5-36:  Thursday-Friday. The second period of artificial inseminat ion 
on oestrus detection commenced, and was completed within two days. 

In  a herd with a year-round mi lking system , this programme meant that a 
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new group of cows would enter the breeding schedule on every fourth 
Wednesday. This time coincided with C IDR  re-insertion for cows from the 
previous month (F igure 4. 1 ) .  

This regime started on three farms i n  the same month .  The fourth farm 
started at a d ifferent time because it had cows calving only for a restricted period 
in  autumn and spring . The study period in each farm was 1 0  m onths, with half 
of the cows being in  the treatment group . 

Experimental Procedure . 

This regimen was designed to improve oestrus detection by reducing t ime spent 
on this task as a result of reduced variabil ity in  the post-treatment interval to 
oestrus, by stimulating a ferti le oestrus in anoestrous cattle, and by developing 
a method by which most of the cows in the herd would conceive within a defined 
interval post-partum.  Reproductive and production records were collected for that 
period of time. 

In this treatment reg imen, al l  the cows entered the study when they were 
between 45 and 7 2  days post-partum, and at a fixed date i n  a 4-weekly cycle. 
The treatment started when treated cows were examined at 36 ± 7 days post­
partum . Control cows were also examined rectal ly to determi ne the progress of 
uterine involution and the nature of ovarian structures. 

Throughout the experiment, treatment and c ontrol cows were observed for 
signs of oestrous behaviour twice daily at approximately 1 2  h intervals (with each 
observation per iod lasting at least 20-30 minutes) in conjunction with ta i l painting 
(Macmil lan et al . ,  1 98 8 ) .  Observation periods did not coincide with feeding and 
mi lking . Paint and raddle of d ifferent colours were used to identify individual 
groups of cows. 

Although oestrus was defined as that period during which a cow stood to 
be ridden by its herd mates or by a herd sire, they were also considered to be, or 
have been in oestrus when the paint and raddle were rubbed off (observation 
periods during m i l ki ng times) .  Al l  cows with l oss of paint and raddle, or displaying 
oestrous behaviour, were inseminated . 

Fol lowing detection of oestrus, both treatment and c ontrol groups were 
inseminated i n  accordance with normal farm practice (ie. art i f icial insemination 
normally on the m orning after f irst detection) .  Diagnosis of pregnancy was by 
rectal palpation of the uterus at about 6 weeks fol lowing the last insemination 
date. 

Control Grouo. 

These animals were managed and inseminated according to standard procedures 
used in  each herd. I nsemination of the control cows commenced at the f irst 
oestrus from 4 5  days post-partum. 
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Cows in  the control group which were not observed in oestrus by day 1 20 
post-partum and c ows that failed to conceive from previous inseminations were 
examined , and then treated as appropriate . 

Progesterone Determination. 

Mi lk and blood samples were col lected for progesterone assay. These samples 
were taken at the m orning mi lking 24 h after the re-inserted C IDR  device was 
removed.  Ten ( 1  0)  ml of blood was col lected by coccygeal venepuncture i nto 
heparinized tubes ( N I PRO-New Tube System ,  Vacuum Blood Collecting System, 
Nissho Corporat ion, Osaka Japan) . Samples were centrifugated within 3 h at 
3000xg for 20 m inutes. The plasma was collected and stored at -20 °C unti l  
progesterone was measured using a specific radi o-immunoassay. 

Milk samples ( 5  ml )  of first mi lk and from any healthy quarter,  were 
collected in a clean plastic bag provided in the supply kit, then refrigerated until 
tested . The remaining amount of milk was stored at -20 oc until assayed for 
progesterone by a validated R IA.  The fi rst 3-5 squirts from the teat were 
d iscarded . The E LISA test was run in the la boratory within 6 h of c ol lection. 
Each farmer was informed on the same day which cows could be expected in  
oestrus over the next 2 days. 

This strategic sam pling sequence was used to check the vanat1on in 
progesterone concentrations, and to identify non-pregnant and pregnant animals. 

The plasma progesterone concentrati ons was measured using an R IA  
technique and the m i l k  sample was measured by  R IA  and a rapid progesterone 
assay kit (Bovine Estrus Slide Test, B. E . S .T.1m Test; Alfa Laval (NZ) Ltd , P. O .  Box 
1 024 1 , Te Rapa ,  Hamilton, New Zealand ) .  

Hormone Assay. 

Milk progesterone. Progesterone concentrations were measured by d irect 
radioimmunoassay without extraction, using the method of Dobson et a l .  ( 1 9 7 5 )  
which had previously been val idated in this laboratory by Lapwood (see Moller et 
al . ,  1 986 ) .  Duplicate 20 pl al iquot of standard progesterone solutions (range 0-80 
ng/ml)  were evaporated to dryness under air, then 20 pi ovariectomized cow's 
mi lk was added to each standard tube . After d ispensing 20 pi unknown mi lk  
samples into assay tubes, 600 pi buffer containing rabbit anti-progesterone serum 
( 1  :3000; courtesy of Dr J . L. France) and tritiated progesterone (8000 c .p .m . ;  
Radiochemical Centre, Amersham, U . K . )  was  added to all tubes, m ixed , then 
incubated overnight at 4o C.  After addit ion of 600 pi of 2 . 5 %  (WN) charcoal  
(Norit A; A. H.  Thomas Co. ,  Phi ladelphia. U . S.A. )  suspension in buffer ,  tubes were 
vortexed incubated for 1 0  minutes at 4 o c .  The supernatant was decanted i nto 
scintil lation vials, and 6 ml  toluene-trition scinti l lation fluid added before counting 
for 2 minutes in  a Beckman LS 7 500 scinti l lation counter. 

· Mean assay sensitivity was 0.42 ng/ml .  Intra-assay coeffic ients of 
variation were 20% ,  1 8 . 2 %  and 2 1 % and i nter-assay coefficients of variation 
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were 8 % ,  6 . 9 %  and 1 3 . 1 % for mi lk  pools containing mean progesterone 
concentrations of 9 .3 ,  1 4. 8  and 30.3 ng/m l ,  respectively (n = 1 6) .  

The commercial milk progesterone test (B . E .S .T. )  was performed according to the 
instructions provided with the kit. 

The B . E . S .T. kit was run using a disposable plastic sl ide. The m ilk, 
antibody and latex were m ixed together in  the m ixing well of the sl ide.  The 
mixture then travelled from the arrow through the channel in the sl ide unti l  it 
appeared at the opposite end in the readout window where the results were 
visua lized and recorded. 
When the mi lk  contained less than 5 ng/ml of progesterone, the latex a nd the 
antibody l inked together into chain-l ike structures , producing a grainy appearance. 
This result i ndicated that a cow was not pregnant. The smooth appearance 
ind icated that a cow was in m id-cycle or pregnant because progesterone 
concentrations were high. 

Plasma progesterone. Plasma concentrations of progesterone were determine by 
the RIA method of Kirwood et al . ( 1 984) .  

Determinations were made on 500 pi  sub-samples from each original 
plasma sam ple .  They were extracted with 5 ml toluene:hexane (1 : 2  v/v ) .  The 
plasma was frozen overnight, and solvent was then decanted into clean tubes , 
dried under a i r  and redissolved in 500 pi ethanol.  Duplicate 1 00 pi samples of 
ethanol extract were dispensed into plastic tubes and dried under air ,  as were 
duplicate 1 00 pi sam ples of standard ethanol ic  solutions of progesterone (P- 1  030: 
Sigma Chemical Co. , St Louis, Missouri , U . S.A. )  with concentrations 
correspondi ng to plasma progesterone level ;  of 0 . 6 25-40 ng/ml .  A mixture 
containing antiserum (courtesy of Dr J .  T. France, National Women's Hospita l ,  
Auckland , New Zealand) at  a final di lution of  1 : 1 800 (Tungsubutra & France, 
1 978) ;  [ 1 , 2 , 6 ,  7-Hl progesterone (TRK 4 1 3 , Amersham, Bucks, U . K . )  at 8000 
c .p .m ./1 00 pi ; phosphate-buffeted sal ine c ontaining 0.02m-EDTA and 0 . 1 %  
gelatin (PBS-EG) in the ratio of 1 : 1  :4 (by vol . )  was added (600 pi ) to each tube 
and vortexed .  After overnight incubation at 4 °C, 600 pi of 2 . 5 %  (WN) charcoal 
(Norit A; A . H .  Thomas Co. , Philadelphia ,  U .S .A . )  suspension in PBS-EG were 
added to the tubes, vortexed and , then i ncubated at 4 °C for 1 0  m inutes. Tubes 
were then centrifugated at 3000xg for 1 0 m inutes at 4 °C. The supernatant was 
decanted into scintil lation vials and 6 ml toluene-triton scintil lation fluid added 
before counting for 2 minutes in  a Beckman LS 7 500 scinti l lation c ounter.  

Assay sensitivity was 0 .08 ng/m l .  I ntra-assay coefficients of variation 
were 1 2 . 1  % ,  1 0 . 5 %  and 1 6% and inter-assay coefficient of variation were 8 .9 % ,  
1 1 %  and 1 3 . 7 %  for plasma pools containing mean progesterone concentrations 
of 2 . 5 ,  5 . 8 ,  and 1 0.9 ng/ml,  respectively  (n = 1 2) .  

Statistical Analysis. 

Data were analyzed using Panacea Database Management (PA N  Livestock 
Services LTD.  Department of Agriculture , University of Reading, P.O .  Box 236,  
Reading, Berkshire, England) .  
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Differences in  progesterone concentrations between non-pregnant and 
pregnant cows were evaluated by analysis of variance. M ult iple regression 
analysis was used to obtain  the correlation between plasma and mi lk  
progesterone . 
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RESULTS 

Each farmer was i nformed (on the same day as sam ples were taken) which cows 
could be expected in oestrus over the next 2 days after C I DR removal .  The 
average percentage of non-pregnant cows inseminated during the second period 
of AI was 6 3 %  and varied between 44% and 7 7 . 2 %  among herds (Table 4 . 1 ) .  
Among the 70 cows inseminated , 5 5 %  o f  them were inseminated a t  4 8  h .  after 
device rem oval ,  and the remaining 45 % of cows at 7 2  h. The conception rate to 
second insemination was simi lar between treatment and control groups ( 5 2 . 3 %  
vs 5 6 .  7 % ,  respectively) . 

Mi lk  progesterone concentrations measured by R IA of non-pregnant and pregnant 
cows are presented in Table 4 . 2 .  

I n  non-pregnant cows, the average was 0 . 2  ± 0 . 1  ng/ml one d a y  after the re­
used C I D R  had been removed . In  pregnant cows it  was 9 . 7  ± 0 . 7  ng/ml ( P <  
0.00 1 ) .  

Concentrations measured by R IA i n  mi lk from 8 2  pregnant animals were between 
1 . 29 and 3 9 . 9  ng/ml; only two samples (2 .4%)  ranged from 1 . 2 to 2 .9  ng/m l ,  
whereas 9 7 . 6 %  were between 3 and 3 9 . 9  ng/ml .  The 1 8 2 non-pregnant cows 
had concentrations of progesterone in mi lk  of between 0 and 3 . 1 9  ng/ml ,  9 5 %  
ranging between 0 to 1 ng/m l .  Only 4 . 9 %  were between 1 and 3 ng/ml ,  and the 
remaining 0 . 5 %  were above 3 ng/ml (Figure 4 .2 ) .  These data show that 97 . 6 %  
of pregnant cows were identified and 9 9 . 5 %  were non-pregnant. Therefore, an 
arbitrary decision was made to designate a l l  cows whose mi lk contained less than 
3 ng/ml as non-pregnant . The sensitivity and specific ity (these concepts in this 
case are defined as the a bi l ity of a test to give a positive result when the animal 
is pregnant, or as the a bi l ity to give a negative result when the animal is not 
pregnant, respectively) for different concentrations of progesterone in  milk by R I  A, 
combined with rectal palpation showed that for 2 ng/ml, they were 9 8-98; for 3 
ng/ml ,  they were 98-99; for 4 ng/ml ,  they were 94- 1 00, a nd for 5 ng/ml ,  they 
were 82- 1 00, respectively (Table 4.3) . 

The results of the reverse comparison of mi lk  progesterone concentrations 
measured by R IA and pregnancy status are presented in Table 4.4. In this study, 
the classification of cows (made one day after C IDR removal based on mi lk  
progesterone concentrati ons by R IA) to estimate non-pregnant and pregnant 
status was adopted from a previous study (Reimers et a l . ,  1 98 5 ) .  The current 
study found that 0% (n = O) ,  2 .4% (n = 2) ,  and 9 7 . 6 %  (n = 80) of cows were 
pregnant as determined by rectal palpation when concentrations of progesterone 
were less than 1 ,  1 to 3, and greater than 3 ng/ml respectively. For non-pregnant 
animals, the percentages were 9 5 %  (n = 1 72) ,  4 . 9 %  (n = 9 ) ,  and 0 . 5 %  (n = 1 )  
respectively (Table 4.5) . 

O ne cow diagnosed non-pregnant at rectal palpation 42 days after AI had 
a concentration of progesterone in mi lk  of 3 . 1  ng/ml ,  but the rem aining 1 8 1 
(99 . 5 % )  were < 3 ng/ml .  In  contrast, 2 cows had concentrations of 
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progesterone in  mi lk  less than 3 ng/ml 1 . 2 and 2 . 9  ng/ml ,  respectively) , but they 
were diagnosed pregnant by rectal pal pation 6 weeks after insemination; the 
remaining 80 pregnant cows (97 .6%)  were > 3 ng/ml .  

The comparison between the BEST mi lk  progesterone test c lassified as low and 
high level and concentrations of progesterone by R IA  classified as low or high is 
shown in  Table 4 . 6 .  The comparison with R I A  was 90. 3% for low progesterone, 
and 8 5 . 5 %  for high progesterone (values g reater than 3 ng/ml) .  

The distributions of progesterone concentrations determined by R IA in each 
category (pregnant and non-pregnant) a re shown in Table 4.  7 .  Of the samples 
classified as having progesterone concentrations � 2 ng/ml ,  correct classification 
was made for 9 2 . 2 % .  In the three samples with progesterone concentrations 
g reater than 2 to 4 ng/ml ,  all the sam ples were classified as pregnant. Of the 
samples classified as having progesterone concentrations greater than 4 to 1 0 
ng/ml ,  a correct classification was made with 80% of cases, and samples having 
a progesterone concentrations greater than 1 0  ng/ml ,  correct classification was 
made in 9 2 %  of cases. 

The sensitivity of the B .E .S .T. test kit was 8 3 %  and the specificity was 9 3 % .  
The sensitivity and specific ity were determined by the comparison between the 
B . E . S .T. results and the values from the R IA .  However, the corrected sensitivity 
was 8 5 %  and for specificity 9 5 % ,  which were determined by comparison of the 
test with the results of rectal palpation .  The sensitivity and specificity for 
different concentrations of progesterone in plasma by R IA, combined with rectal 
pa lpation showed that for 1 ng/ml ,  they were 1 00-9 5 ;  for 2 ng/ml ,  they were 98-
98 ;  and for 3 ng/ml,  they were 93-1 00, respectively (Table 4 .8) . Concentrations 
measured by R I A  in plasma from non-pregnant a nd pregnant animals are presented 
in Figure 4 . 3 .  I n  non-pregnant cows the average concentration of progesterone 
was 0 .3  ± 0 . 1  ng/ml one day after the re-used C IDR  was removed , compared 
with 7 . 7  ± 0 . 6  ng/ml for pregnant cows (P < 0 .00 1 ; Table 4 .9) . The correlation 
between mi lk  and plasma progesterone was 0 . 8  and the equation describing their 
relationship was:  
Mi lk progesterone = 1 . 1 1 2  Plasma progesterone - 0 . 1 43 ng/ml 

se = ± 0 . 0 5 2  
The multiple coefficient of determination is  a t  0 . 638 ( 64% ) .  
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DISCUSSION 

A mi lk  progesterone test can be used effectively to identify non-pregnancy earlier 
after breeding than pregnancy diagnosis by rectal palpation a nd non-return to 
oestrus. In  this study, a breeding programme incorporating EL ISA milk 
progesterone assay with C IDR-8, PGF or PMSG treatment for controll ing return 
to service i ntervals d id not improve the percentage of cows inseminated over the 
second period of artif icial insemination in a l l  the farms. Moreover ,  the return-to­
service intervals of around 36-50 days (6 weeks) were simi lar  for treated cows, 
com pared with control cows (9 .9% vs 1 3 . 1  % ,  respectively ) .  This lack of 
improvement is not in agreement with a previous study (Duirs et a l . ,  1 986 ) .  in 
which the use of C IDR devices as a post-insemination treatm ent on days 1 4- 1 7 
with removal on day 2 1  significantly reduced the incidence of 6 weeks return 
from 1 5 . 2 %  to 8 . 2 % .  

Clearly, the data show that i n  general the identification of non-pregnant animals 
did not i mprove the percentage of animals inseminated over the second period of 
A l .  In some farms (A and 8) the oestrus detection rate was increased (Table 4. 1 ) . 
as seen in  a previous study (Dick, 1 9 90a ) .  in which treatment groups in those 
farms showed an average of 7 6 %  of animals observed in oestrus and inseminated 
during the 5-day period, while in the same farms, control groups had an average 
of 6 3 % .  The low percentage of animals observed and inseminated , mainly in 
Farms C and D was due in part to fai lure in detecting oestrus. M ost animals 
which were not observed in oestrus had a corpus luteum when they were 
examined rectally to diagnose the reason for lack of behavioural oestrus. 
However, the paint and raddle from these cows with low levels of progesterone 
were not rubbed off. This suggests that the poor percentage of cows observed 
and inseminated may require further study among cows which may not display 
oestrus in  some of these herds. Alternatively, relying on ta i lpaint may not be 
appropriate with cows in these herds. 

Identification of non-pregnant animals is an important component of 
reproductive management. Identifying these animals earl ier after insemination 
could possibly be successful ly used in herds with h igh detect ion rates. Moreover, 
the progesterone concentrations on fi rst mi lk samples taken at the m orning 
mi lking one day after C IDR removal showed that there was a s ignificantly higher 
value in pregnant cows than in  non-pregnant cows (Table 4 .2 ) .  These 
progesterone concentrations in mi lk are similar to those reported for cows in  
oestrus in  another study using RIA of  progesterone in  mi lk  (D ick,  1 990b) and to 
those in  a previous report with cyclic cows (Pennington et a l . ,  1 98 5 ;  Eddy and 
Clark, 1 98 7 ;  Nebel  et a l . ,  1 98 9 ) .  

One o f  the practical applications for an ELISA progesterone test is  for oestrus 
prediction in dairy cows. Set-t ime inseminating after a decl ine in mi lk 
progesterone has been reported (Foulkes et al . ,  1 98 2 ) .  A breedi ng programme 
involving the use of a rapid progesterone assay and PGF treatment was reported 
by E lmore ( 1 987 ) ,  in which each cow with high concentrations of progesterone 
was i njected with PGF and inseminated 7 2  and 96 h after injection, regardless of 
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signs of oestrus. Pregnancy rates did not differ from prior pregnancy rates in  the 
herd . However, in a previous study designed to predict oestrus using an ELISA 
progesterone test, it was found that more than 80% of cows had low 
progesterone concentrations for m ore than 48 h before they were inseminated , 
and only 6 6 %  of the inseminations were made on days 3 and 4 after in itial 
progesterone testing (Eddy and Clark 1 987 ) .  In  another study, low levels of 
progesterone estimated by the test kits which were associated with oestrus, 
ranged from 6 . 5  to 9. 7 days. Samples collected during early and mid-dioestrus 
had similar levels compared with R IA  (Nebel et al . ,  1 98 9 ) .  This suggests that the 
prediction of oestrus based on EL I SA progesterone test with a single sample 
cannot be used to determine correct t iming of insemination (Eddy and Clark, 
1 98 7 ) . lt was suggested that the a pplication of mi lk  progesterone EL ISA assay 
which incorporates synchrony treatments may need to be re-evaluated (Nebel et 
al . ,  1 989) .  

This concept may be a pplicable to  the fi rst synchrony treatment under this 
management system with C I D R  devices, as CIDRs can be successful ly used to 
synchronize returns to oestrus in  non-pregnant animals. Other studies showed 
that 8 5 %  of cows were in oestrus in a 2-day period (Dick, 1 990a) ,  and that 
8 1 . 3 %  of heifers were in oestrus on day 24 after treatment (Van Cleeff et a l . ,  
1 989 ) .  l t  suggests that when h igh synchrony i s  achieved after a n  initial treatment 
before fi rst insemination, as wel l  as  at subsequent inseminations among cows 
which return to service (Macmi llan 1 988) ,  the kit may have an important role 
because the interval from first AI to conception can be reduced . The concept of 
im proving breeding management wil l be particularly useful and important in  year­
round herds and in any seasonal herds with poor oestrus detection.  The 
possibil ity for set time inseminating at 48 or 7 2 h would have to be investigated 
because only 55% of the cows were seen in  oestrus and re-inseminated at 48 h 
after the re-used C IDR was removed. Recent studies using m odell ing and 
simulation showed that the use of an on-farm milk progesterone test for early 
detection of non-pregnant animals improved reproductive performance in  terms 
of days open,  replacement rate, and net return per cow per year ( Ruiz et a l . ,  
1 989 ) ,  and was economical ly profitable ( E lmore , 1 98 6; Ruiz e t  al . ,  1 98 9 ) .  

Different l imits, due t o  the influence of techniques o f  sam pl ing and analysis t o  
separate pregnant and non-pregnant categories have been selected b y  other 
authors (Heap et al . ,  1 976 ;  H offmann et a l . ,  1 9 74) . In this study, the decision 
to use 3 ng/ml as the upper l im it for non-pregnant cows, and the lower l imit for 
pregnant cows showed that 9 7 . 6 %  of the values were above the limit in pregnant 
cows, and 9 9 . 5 % %  of the values were below the l imit for non-pregnant cows 
when status was confirmed by rectal palpation. The value of 3 ng/ml is  simi lar 
to f indings i n  a previous report w ith  the same commerc ial kit (Nebel et a l . ,  1 98 9 ) .  

A previous report showed a h i g h  percentage o f  false-positive results i n  three 
herds, ranging between 1 4  and 3 1  % ,  and the author indicated several c ommon 
reasons for it (Eimore , 1 98 7 ) .  I n  th is  study, the i ncidence of false positive results 
was very low. Only one pregnant cow was detected as non-pregnant with 
progesterone concentrations in mi lk  m ore than 3 ng/ml (0 .6%) .  This can be 
explained in part because the use of this reproductive management technique, 
i nvolving the control of the oestrous cycle, produced a reduction in  the incidence 
of ovarian and uterine d isturbances, and achieved a good synchrony after the 
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second treatment . l t  may also had reduced the incidence of d ioestrous f i rst 
insemination. 

Only 2 cows in this study were pregnant with concentrations of progesterone 
from 1 to 3 ng/ml ;  but the same concentrations of progesterone were found in 9 
cows which were diagnosed as non-pregnant by rectal palpation. Only 1 cow 
which had a concentration greater than 3 ng/m l  was diagnosed as non-pregnant. 

In  this study, the inc idence of embryonic death between the day after C I DR 
removal and diagnosis by palpation was remarkably low, only 2 cows which were 
g iven as pregnant by RIA were found to be non-pregnant by rectal palpation 
(2 .4%) .  Other New Zealand reports ( Macmil lan et a l . ,  1 977; Moller et al . ,  1 98 6) 
have also estimated a lower incidence when it was compared with an overseas 
report (Wijeratne , 1 973)  which had accepted the premise that an extended inter­
service interval was synonymous with embryonic loss. However, Kummerfeld et 
a l .  ( 1 978 )  remarked that the data from mi lk  progesterone profi les to m onitor 
possible embryonic loss in cattle was more accurate and reliable than that 
collected from records of inter-service i ntervals because not al l  the cows when 
they return to a second service are re-inseminated . Such a differentiation is 
possible by taking milk sam ples. Therefore, an accurate and practical method of 
identifying pregnancy status is through the immunoassay techniques. From the 
results of this study, the i mportant point is  that the probable loss rate of a 
pregnancy from milk progesterone sampl ing to pregnancy testing in  these 4 herds 
was only 1 of 82 cows ( 1 . 2 % ) .  The values of progesterone in  mi lk  and plasma 
for this cow at one day after C IDR  rem oval were 3 . 1  and 2 .6  ng/ml ,  respectively, 
which was classified as being pregnant. Therefore, it could be considered as an 
embryo mortality. 

On the other hand, it is  possible that the lower prevalence found in  this 
study occurred because most losses occurred within 3 weeks of insemination.  
lt therefore does not g ive long intervals ( Moller et al . ,  1 986) ,  and d oes not affect 
the initiation of the next phase of foll icular growth and ovulation (Lamming et al . ,  
1 989) .  The results o f  this current study support the hypothesis that early losses 
are more common than later ones ( Sreenan and Diskin, 1 983 ;  Lamming et a l . ,  
1 989) .  
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CONCLUSIONS 

A mi lk progesterone test can be used effectively to identify pregnancy status 
earlier after breeding than pregnancy diagnosis by rectal palpation and non-return 
to oestrus. However in this study, the breeding programme inc orporating EL ISA 
milk progesterone assay and C I D R ,  PGF, or  PMSG treatment for  control l ing return 
to service intervals in general did not improve the percentage of cows inseminated 
over the second period of A l .  The low percentage of animals observed and 
inseminated was due in part to failure to detect oestrus. This observation would 
require further study among cows which may not d isplay oestrus. 

The identification of non-pregnant animals is  an important com ponent of 
reproductive management, possibly this technique could be succesful ly used in 
herds with high detection rates. Also, the test may have an i mportant role 
because this management system can be successful ly used to synchronize returns 
to oestrus in non-pregnant animals. Moreover,  the possibil ity for set-time 
inseminations would have to be investigated . 

The estimated incidence of em bryonic mortality was low ( 1  of 8 2  pregnancies, 
1 . 2 % ) .  The use of milk and plasma progesterone assays has produced lower and 
accurate estimates of em bryo m ortality. However, it should not be confused with 
fai lure to detect non-pregnant cows when they were in oestrus . 
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Figure 4. 1 Basic programme of experimental protocol . 

Day Task 

0 Wednesday Insert C I D R ,  Tai lpaint 

1 0  Saturday (am) Remove C IDR ,  Raddle 
over Paint 

1 2- 1 4 Monday-Wednesday 1 st I n s e m i n a t i o n  o n  
Detection 

28 Wednesday • Re-insert 
Used/Washed/Stored 
C IDR,  Tai lpa int 

34 Tuesday (am)  Remove and Discard 
C IDR ,  Raddle 

36-37 Thursday-Fr iday 2nd I ns e m i nat ion  on 
Detection . 

• In herds with year-round milking,  a new group of cows enters the breeding schedule on every fourth 

Wednesday. 



1 00 

90 

80 
......... 
� 70 ........... 
(/) 
3': 60 0 

(.) 
-
0 50 
Cl) 
(J"' 
0 40 ....... 
c 
Cl) 
0 .30 \... 
V 0.. 

20 

1 0  

0 

Fig. 4.2 

<2 

• Non- Pre gnant 
n = 1 82 

0 Pre gnant Cows 
n=82 

2 - 4  >4- 1 0  > 1 0  20-40 
M i l k  Progesterone Concentrat ion (ng/ml ) 

Non-pregnant and pregnant cows and progesterone in milk by radioimmunoassay (RIA) 

N 
..... 
N 



_..... 
� ........ 
(f) 
3:: 0 

u -
0 
Q) 
0'1 
0 ........ 
c 
Q) 
() 
\... 
<1) 

0.. 

Fig. 4.3 

1 00 
I 

90 + 

80 t -
70 

60 

50 

40 

30 

20 

1 0  

0 

. ::., , " . ,  
' 1  

' ·  

� _; ·� : �� I ·: .. 
' ' 

'i I·' I 
:. ' I  'J, 

I 
' . 

' r ·, ' :v ·. ::;·. �� 
< 1  

• Non- Pre gnant 
n= 1 8 1  

D Pre)ant Cows 
n =  9 

1 - 2 > 2 - 3  
P l asma Progesterone Concentrat ion ( ng/m l ) 

Non-pregnant and pregnant cows and progesterone in plasma by radioimmunoassay (RIA) 

> 3  

N ..... 
v.> 



Table 4 . 1 

Farm 

A 

8 

c 

D 

Total 

Percentage {%)  of cows inseminated over the second period 
of artificial insemination after being identified as non-pregnant 
by B.E.S.T. Test Kit. 

N° of 
Non-pregnant 
Cows 

22 

24 

50 

23 

1 20 

Cows 
Inseminated 

1 7  

1 8  

22 

1 3  

70 

Percentage 
( % )  

7 7 . 2 % 

7 5 % 

44 % 

5 6 . 5 % 

63 % 

2 1 4 



Table 4 .2  

Status 

N on-pregnant 

Pregnant 

Means (SEM) of milk progesterone concentrations (ng/ml) by 
radioimmunoassay (RIA) of non-pregnant and pregnant cows 
at one day after CIDR-B removal. 

N° of 
Animals 

1 82 

82  

Progesterone 
ng/ml• 

0 . 2  ± 0 . 1 

9 . 7  ± 0 . 7  

Probabi lity a =  P < 0.00 1  

2 1 5 



Ta ble  4 . 3  

P4 

2 

3 

4 

5 

Sensitivity and specificity for different concentrations of 
progesterone in milk ( P4; ng/ml) determined by 
radioimmunoassay. 

Sensitivity 
% 

9 8  

98 

94 

82 

Specificity 
% 

98 

99 

1 00 

1 00 

2 1 6 



Table 4 .4  Comparison between milk progesterone concentrations 
(ng/ml) by radioimmunoassay (RIA) one day after CIDR-B 
removal and pregnancy status at rectal palpation 42 days 
after artificial insemination. 

2 1 7 

Progesterone 
:s; 3 ng/ml 

Progesterone 
> 3 ng/ml 

Pregnant 
Cows 

2 

(2 .4%)  

Non-pregnant 
Cows 

1 8 1  

(9 9 . 5 % )  

Pregnant 
Cows 

80 

(97 . 6 % )  

Non-pregnant 
Cows 

(0 . 5 % )  

( I = Percentage of animals 



Ta ble 4 . 5  

Status 

N P  

p 

Percentage ( % )  of non-pregnant (NP) and pregnant (P)  
animals at 3 concentrations of progesterone determined by 
radioimmunoassay. 

Concentration of Progesterone 

< 1  1 to 3 > 3  

9 5  4. 9 0 . 5  

0 2 .4 9 7 . 6  

2 1 8 



Table 4 . 6  

Progesterone 
Test 

B . E . S .T .  

Progesterone classification into low and hig h  level by using 
Best test and radioimmunoassay (RIA) . 

Level of Progesterone by RIA 

Low High 
n % n % 

1 24 90 .3  63  8 5 . 5  

2 1 9 



Ta ble 4 .7  Distribution of  samples by  concentrations of  progesterone 
(P4) in milk as determined by RIA (non-pregnant and 
pregnant),  after being classified by BEST test. 

Test s 2 
N P  P 

B E ST 1 1 3 8 
(92 .2%)8 

N P  = non-pregnant 
P = pregnant 

Progesterone Concentrations (ng/ml) 

> 2  to 4 
N P  P 

0 3 
( 1 00 % )  

6 

> 4  to 1 0  
N P  P 

30 
(80 % )  

a =  Percentage o f  samples classified correctly 

> 1 0 
NP P 

2 25 
(92%)  

2 20 



Table 4.8 

P4 

1 

2 

3 

Sensitivity and specificity for different concentrations of 
progesterone in plasma (P4; ng/ml) determined by 
Radioimmunoassay. 

Sensitivity 
% 

1 00 

98 

93 

Specificity 
% 

9 5  

98 

1 00 

2 2 1  



Ta ble 4.9 

Status 

N on-pregnant 

Pregnant 

Means (SEM) of plasma progesterone concentrations (ng/ml) 
by radioimmunoassay (RIA) of non-pregnant and pregnant 
cows at one day after CI DR-B removal 

No 

of Animals 

1 8 1  

79 

Progesterone 
ng/ml• 

0 . 3  ± 0. 1 

7 . 7  ± 0 .6  

Probabil ity a =  P < 0.001  

2 2 2  
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CHAPTER 5 

U LTRASO N I C  I D E NTI F I CATI O N  O F  O VA RIAN FO L L I C L E S  

A N D  RESPO N SE PATT E R N S  

I N  A N O ESTRO U S  D A I RY COWS 

T REAT E D  WITH C I D R  D EVI C E S  A N D  P M S G  

A T  TWO STA G ES O F  T H E  PO ST- PA RTUM PER I O D  



2 2 9  

ABSTRACT 

This study was designed :  i) to characterize the dynamic changes of fol l ic les in the 
ovaries by using ultrasonography at two different post-partum per iods (early, 2 5  
days and late, 50-55 days post-partum) as well a s  changes associated w ith C I D R  
treatment and with a n  injection of PMSG,  and i i )  t o  measure post-treatment 
response rates in oestrus and ovulation in  anoestrous dairy cows associated with 
changes in plasma progesterone concentrations at device remova l .  

Ovarian function was monitored during the treatment programme and  after device 
removal ,  as well as the oestrous response patterns during the 2 wee ks from the 
end of treatment. Treated cows (n = 1 8 ) received a C IDR device for 1 0  days with 
an injection of 400 IU of PMSG at device remova l .  Control cows (n = 1 0 )  did not 
receive any treatment. 

The population of fol l ic les classified as c lasses 1 ( < 6 mm diameter) , 2 ( 6  to 9 mm 
diameter) and 3 ( > 9 mm diameter) varied between cows in both post-partum 
periods, but the average number  of fol l icles did not differ significantly between 
day 25 (early) and 50-55 ( late) for treatment and control groups . The average 
number of fol l icles in each class did not increase signi ficantly in early post-partum 
cows during the treatment period in either treated or untreated contemporary 
animals, but in  the late post-partum per iod,  the average number of class 1 fol l icles 
increased in the animals of the treated group (P  < 0.05). However, when the 
comparisons in treatment grou ps were d one between early and late post-partum 
period, the average number of class 2 foll icles and the total number of fol l icles 
were increased at C IDR removal (P < 0 .05;  P <  0 .0 1 , respectively) , while in  the 
control cows, the average number of c lass 1 foll icles and the total number of 
fol l icles were also increased at the t ime of device removal (P < 0 .0 1 ) .  

The average number of c lass 1 foll icles i n  the early post-partum period 
increased significantly in the treatment group i rrespective of whether or not 
animals d isplayed oestrus or ovulated with corpus luteum (Cl) formation after 
treatment with C IDR/PMSG.  

In  the early post-partum period, the  d iameter of  the largest unovulated luteinized 
foll icle in  treated cows which d isplayed oestrus and/or ovulated i ncreased 
signif icantly during CIDR treatment,  and its growth continued after the device was 
removed . Normal class 3 foll ic les d id not increase during this per iod and some of 
them ovulated after CIDR device removal and formed a (Cl). 

In  the early and late post-partum period , there were in most cows (treated and 
control ) a Cl and a luteinized fol l ic le or a luteinized foll icle alone in  one ovary, and 
a luteinized foll icle in the opposite ovary, at scanning on day 1 4  after device 
removal .  N ormal foll icles commenced development within a fol l icular wave in the 
presence of a large unovulated luteinized foll icles. 

There was a significant variation in  plasma progesterone concentrations at  C IDR 
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removal ,  with values ranging from 0 .8  t o  1 5 . 8  ng/ml i n  the early post-partum 
period , and from 0 .8  to 6 . 9  ng/ml for cows treated in the late post-partum period . 

Only 25% and 3 3 . 3 %  of the treated cows in  the early and late post-partum period 
displayed oestrus, respectively. However, 5 5 %  and 50% of the treated and 
control cows which had not displayed oestrus, actual ly ovulated and formed a CL  
in  the early post-partum period . There was a s ignificant percentage of untreated 
cows which had formed a CL,  but did not d isplay oestrus. 

Further research has to be focused on the study of the endocrinological patterns 
of LH and FSH in anoestrous cows during the post-partum period and the factors 
which affect treatment response , and the i nteractions of the nutritional status, 
body condition a nd ovarian function during the post-partum period especially to 
measure the ovarian response at the d ifferent degrees of nutritional anoestrus . 
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INTRODUCTION 

Post-partum anoestrus is the most common form of inferti l ity in  New Zealand 
dairy herds (Macmil lan and Day, 1 987) .  The condition in primar i ly a consequence 
of having a concentrated calving pattern in late winter with cows receiving a sole 
diet of pasture, mainly ryegrass (Macmillan et a l . ,  1 990b). l t  is known that in 
early lactation, cows experience stress from mi lk  production with a reduced 
appetite and substantial  loss in body cond ition ( Macmil lan a nd Day, - 1 9 87 ) .  If 
seasonal conditions result in  a delay in the onset of the period of rapid pasture 
g rowth in the spring , then cows will experience a prolonged interval of 
underfeeding in the post-partum period and in early lactation (Macmi l lan et a l . ,  
1 9 90b).  

Long periods of anoestrus can affect submission rate ( [SR] Macmi l lan et a l . ,  
1 9 7 5 ) .  SR is defined as the percentage of cows in a herd presented for 
insemination during a selected period of time from the start of the seasonal 
breeding programme. A high SR is necessary for a compact breeding programme 
in seasonal herds, and to maintain optimum calving intervals in year-round herds 
(O 'Farrel ,  1 984) .  SR is affected if a herd has a spread ca lving pattern. The 
average interval between calving and fi rst oestrus also varies between herds. 
This variation contributes to the proportion of animals in a herd which have not 
re-commenced normal ovarian activity by the start of the seasonal artificial 
breeding (AB) programme. Moreover,  poor conditions for pasture growth tend to 
be a recurring problem in some herds, consequently increasing anoestrum and 
prolonging the interval to conception. A spread calving pattern wi l l  result in the 
fol lowing year, especial ly if slow pasture growth a lso delays i nduction therapy for 
the later calving cows. These animals are less l ikely to be i nseminated in the first 
weeks of the breed ing season and may be less fertile to fi rst i nsemination 
(Macmil lan, 1 98 9 ) .  

Pregnant mare serum gonadotrophin (PMSG) w a s  discovered 60 years ago, and 
it has been a commonly used preparation for inducing ovulation (Cole and hart, 
1 930 see Short et a l . ,  1 988 ) .  The use of exogenous progesterone , particularly 
when its removal is  followed by the injection of PMSG has been the most 
successful treatment for i nduction of fol l icular growth and ovulation ( M ulvehil l  and 
Sreenan, 1 9 7 7 ) .  In New Zealand, one early report showed that treatment with 
a progestagen sponge for 7 days and 1 000 I U  of PMSG at sponge removal 
produced a 4 week pregnancy rate of 38 % (Fielden et a l . ,  1 97 6) .  The controlled 
internal drug release device (C IDR)  was commercial ly available in 1 98 6 ,  and it was 
tested first that year with cows diagnosed as having post-partum anoestrum 
associated with non-cycl ic  ovarian activity 3 weeks after the start of the seasonal 
AB programme. The results of these trials showed that the c om bination of C IDR 
and PMSG significantly increased the incidence of oestrus within 7 days of  device 
removal,  and the ferti l ity of that oestrus was normal (Macmil lan and Day, 1 987) .  
The C IDR provides a per iod of  progesterone priming which precedes 
gonadotrophin stimulation with PMSG to produce fol l icle m aturation and 
ovulation. 
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I n  summary, the use of C I DRs to treat anoestrus in lactating dairy c ows 
conducted in the last 4 years has shown that:  a per iod of progesterone priming 
for  7 days was preferable to 4 days, but  a 1 0-day CIDR treatment was as 
effective as the 7-day treatment. PMSG-use at device removal was necessary in 
most cases, and 400 IU was the m ost suitable dose.  Around 80% of treated 
cows ovulated within 1 4  days of device remova l ,  but the percentage detected in 
oestrus and inseminated was variable. On average,  23% of treated animals w hich 
ovulated were not detected in oestrus and inseminated within 1 4  days of C I D R  
removal .  The variation i n  response patterns between herds was too great to 
justify fixed time insemination at a single post-treatment interval .  The preferred 
alternative was to re-examine al l  cows not detected in oestrus about 1 4  days 
after device remova l ,  and to then treat those which had ovulated w ith 
prostaglandins (PGF) and those with no palpa ble ovarian response with a C I D R .  

Previous studies based on rectal palpations a t  weekly intervals, starting a t  4 t o  7 
days post-partum, indicated that there was fol l icular development in the early 
post-partum period . Mol ler ( 1 970) studied ovarian activity after calving in general 
and in two groups of grazing dairy cows subjected to different management 
(milked and suckled cows). In  that study, smal l  foll icles ( < 1 0  mm) were found 
in both suckled and mi lked cows during the f i rst 3 weeks after calving , and until 
their first ovulation which was 42 .3  ± 1 6 . 2  days post-partum in milked cows and 
64.9 ± 1 5 .8  days in suckled cows. Larger fol l icles > 1 5  mm) become m ore 
common with time post-partum . M orrow et a l .  ( 1 968) studied post-partum 
ovarian activity in dairy cows fed hay, corn si lage and grain to meet production 
requi rements, and reported fol l icular development that progressed until fi rst 
ovulation ( 1 5 .0 ± 3 .9  days) in cows with a normal parturition . The fol l icle 
diameter ranged from 0 . 5  to 1 . 5 cm. Other studies reported that there were large 
( > 8 mm) foll icles in the early post-partum period , and the number of medium 
foll icles (4 to < 8 mm) increased until 42  days after calving in acyclic suckled 
beef cows (Spicer et a l . ,  1 986 ) .  There was growth of small antral fol l icles 
between 1 5  and 35  days after calving in  dairy cows (Dufour and Roy, 1 98 5 ) .  

Diagnostic ultrasonography has a relative short history in the area of domestic 
animal reproduction. A transrectal real-tim e  or dynamic imaging ultrasound 
scanning of the cow's reproductive tract and ovarian structures al low the operator 
to view images of structures w hich normally can be only palpated (Pierson and 
Ginther, 1 984).  Peter and Bosu ( 1 988 )  used this technique to assess the 
influence of uterine infections and fol l icular development on the response to GnRH 
in post-partum dairy cows. Large foll icles were absent in  anoestrous post-partum 
dairy cows during the first 60 days post-partum, but ovaries contained foll icles 
of 4 to 8 mm diameter. However, in cows w hich had ovulated by day 1 5  post­
partum ,  foll icles :!:: 1 0  mm were observed before or by day 1 2  post-partum .  
Another report, studying the t ime o f  resumption o f  follicular activity in the early  
post-partum period in dairy cows ( Savio et a l . ,  1 990a), reported that during the 
post-partum anoestrous period , foll icular development was characterized by the 
growth and regression of small ( s 4 mm) ,  and medium-sized {5-9 mm) fol l icles 
which were present by day 5 a fter calving until a d ominant follicle { > 1 0 mm)  
was  eventual ly detected. Finally, Chai mongkol ( 1 990) monitored ovarian activity 
during the post-partum period and showed that in lactating dairy cows which 
calved in spring , the population of foll icles d id  not increase significantly between 
the second and seventh weeks after calving in acyclic cows. 
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The study of dynamic changes of the patterns of foll ic les growth i n  the post­
partum during and after C IDR/PMSG treatment has not been reported.  Therefore, 
the aim of this study was to characterize the dynamic changes of the follicles in  
the ovaries by using ultrasonography during this period in two d i fferent periods 
of the post-partum and to measure post-treatment response rates in  terms of 
oestrus and ovulations in anoestrous dairy cows. In add it ion, plasma 
progesterone concentrations (PPCs) were m easured in blood sam ples taken before 
device insertion and at removal in treated cows, and at e quivalent times in  
contemporary c ontrols. 
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LITERATURE REVIEW 

Post-oartum Period. 

Parturition is followed by a period of acyclic ity in most mammals. This is the 
post-partum anoestrous per iod . 

lt is in it ial ly a time for recovery from pregnancy and parturition.  Two of these 
functions are: 

1 )  Genital tract function,  a nd 

2) Hypothalamic-pituitary ovarian function. 

This period ends with the f i rst post-partum oestrus at which pregnancy is 
possible fol lowed by formation of a corpus luteum (CL) with a normal l i fespan to 
faci l itate maternal recog nition of pregnancy (Malven, 1 984) .  

1 .  Genital tract function.  

1 . 1  Uterine involution. 

Uterine involution is the recovery process of the uterus from pregnancy and 
parturition. 

The time required for involution of the bovine uterus usual ly ranges from 3 to 
7 weeks, but may vary widely (Sioss and Dufy, 1 980).  However,  from other 
previous studies (Gier and Marion, 1 968;  Wagner and Hanse l ,  1 9 69)  in  which 
palpable or histologic changes were used as a criteria,  it  appears reasonable to 
consider that final involution i s  completed a bout day 40 after calving.  Mol ler  
( 1 970) studied uterine involution in  2 groups of cows subjected to d ifferent 
management . The cows were mi lked twice daily, or each suckled 3 or 4 calves. 
No differences were found between groups ( 3 1 . 5  ± 3.0 vs 3 1 . 6  ± 4 . 2  days, 
respectively) .  

A number of factors have been reported by Marion et al . ( 1 968 )  to affect the 
duration of involution of the bovine uterus: 

i )  

i i )  

i i i )  

lt is prolonged with advancing parity, possibly 
because of g reater uterine trauma with each 
successive parturition; 

lt is  prolonged in  winter as compared with 
spring or summer; 

Lactation a ccelerates the involution rate 
(Schirar and Martinet, 1 98 2) ;  



iv) 

v) 

vi )  

Difficult parturitions or  d ystocia associated 
with the birth of a very large calf, 
periparturient trauma, or  a reta ined placenta 
delay uterine involut ion; 

Bacterial contamination of the uterus, 
whether occurring d uring parturitional 
difficulties or later, de lay involution of the 
uterus; and, 

Hormones such as prostagla ndin have been 
considered to be involved in i nvolution of the 
uterus (Kindahl et a l . ,  1 98 2) .  Oxytocin may 
be involved in involution but no specific 
effects have been reported . Ovarian 
hormones are not involved in delayed uterine 
involution (except w ith progesterone in 
pyometra) .  Hormone thera py with oestrogen 
or progestin has l ittle or no effect on the 
involution process ( Mari on et al . ,  1 9 68) .  

1 . 2 Involution process . 

i )  Phase one of uterine involution. 
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The process of uterine involution i n  cows begins with expulsion of placental tissue 
and fluids .  Uterine tissue and fluid continue to be expelled for several days or 
weeks, even when the placenta is prom ptly expelled after parturit ion. 

The tissue loss involves shedding, d is integration, and dissolution of decidual 
tissue; reduction of endometrial vascularity; regression of endometrial g lands; and 
reduction of endometria l  cell numbers, and myometria l  cell volumes. Contractions 
of the myometrium aid these processes,  which proceed more rapidly in the non­
pregnant areas of the puerperal uterus. 

i i )  Phase two of uterine involution. 

The second phase is called uterine recovery. This phase involves regeneration of 
the endometrial e pithel ium,  including the g landular e pithel ium.  This process 
begins a lmost immediately after calving i n  those areas, such as the i ntercaruncular 
areas, which are the least seriously damaged . M ore time is required for regression 
of maternal caruncles in the pregnant h orn and for re-growth of their epithel ium. 

Although several processes are involved in uterine involution and recovery, 
they appear to progress simultaneously in different parts of the uterus. 
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2 .  Hypothalamic-oituitary ovarian function . 

The recovery of the hypothalamic-pituitary ovarian axis appears to i nvolve a 
number of sequential events during the post-partum period . The accomplishment 
of each event in the recovery process appears to depend on the successful 
completion of the preceding event. The sequential series involves the recovery 
from pregnancy state, escape from the induced inhibition of g onadotropin ,  
initiation of  ovulation fol lowed by luteal development, and the occurrence of 
behavioural oestrus with ovulation. 

Cows experience a period of infert i l ity which is characterized by anovulation 
and anoestrus fol lowing the birth of a l ive calf. If a cow is to produce a calf at 
least once each year, it must conceive within 83 days post-partum, and ma intain 
the pregnancy to term . 

2 . 1  Pituitary hormones. 

Luteinizing hormone (LH) is secreted from the pituitary gland in  e pisodic bursts. 
Each secretory pulse is a response to a secretory pulse of gonadotropin-releasing 
hormone (GnRH) from the hypothalamus . 

There is evidence in  ovariectomized cows (OVX) of an inherent rhythm of LH 
secretory episodes which are characteristic for individual animals (Rahe et a l . ,  
1 982) .  These pulses norma l ly occur once every hour. lt is l ikely that a similar 
rhythm exists for fol l ic le stimulating hormone (FSH) although it is  not proven, 
(McNatty, 1 988) .  The inherent rhythmicity of both gonadotrophin is almost 
certainly due to an identical rhythm of episodic GnRH re lease from the 
hypothalamus. 

In the intact cycling animal, LH secretory pulsing at a frequency of once per 
hour is not achieved until 44 to 96 h before oestrus . Environmental (day length, 
temperature, nutrition) , physiological ( pregnancy, lactation) ,  and g onadal factors 
all act to modulate LH peak frequency. The number of LH pulses varies from 4 
to 1 2 per 24 h during the luteal phase but it increases to between 1 6 and 30 
pulses every 24 h during the foll icular phase. In  the early post-partum period , the 
LH pulse frequency and amplitude a re both low. Thus, the early post-partum 
period is characterized by inhibition of LH secretion. This inhibition is coincident 
with reduced pituitary stores of LH (McNatty, 1 988) ,  low biological activity of the 
secreted LH (Weesner et al . ,  1 98 7 ) ,  and a decreased responsiveness of the 
pituitary to GnRH (Mawhinney et a l . ,  1 9 79 ) .  Also. the decreased LH production 
is probably due to a reduction in GnRH re lease (McNatty, 1 98 8 ) .  Other factors 
which influence the patterns of LH release are the time of year and stress. Pulse 
frequency is lower in  cycl ing cows in  winter than spring (McNatty et al . ,  1 983) ,  
and stress has been demonstrated to inhibit both LH pea k  frequency and 
amplitude (Rasmussen and Malven, 1 983 ) .  

There i s  no  evidence in dairy cows for any  marked inhibition of  FSH secretion 
or reduction in pituitary FSH content a part from the periparturient and the early 
post-partum ( < 6 days) period (Moss et a l . ,  1 98 5 ) .  

l t  i s  known that milking stimul i  increase prolactin (PRL) release (Tucker, 1 9 7 1  ) ,  
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and that PRL can inhibit pituitary L H  secretion i n  some species (Smith, 1 980) .  
However, the elevated PRL concentrations in  lactating cows were abolished by 
pharmacological means without an a lteration in post-partum LH release, or to the 
duration of the post-partum period (Kaltenbach et a l . ,  1 977; Schallenberger et a l . ,  
1 9 78 ) .  PRL plasma concentrations were the same i n  milked and suckled cows 
(Smith et al . ,  1 98 1 ) . The PRL c oncentration was associated with increased mi lk 
yields in dairy cattle (Akers et a l . ,  1 980) .  Anoestrus length was observed by 
some (Chang et a l . ,  1 98 1  ) ,  but not others (Webb et al . ,  1 980) to be c losely 
correlated with plasma PRL concentrations. 

Injecting PRL (Forrest et a l . ,  1 980) or bromocryptine (Wil l iams and Ray, 1 980) 
as an inhibitor of PRL release, influenced neither the variations of LH or FSH 
concentrations, nor the resumption of ovarian activity after calving .  The local 
ovarian effect of this hormone on the synthesis of progesterone (McNatty, 1 9 7 7 ,  
see Harret 1 986 ) ,  and on fol l icular development (Tsai-Morris et a l . ,  1 98 3 )  was 
reported . Hyperprolactinaemia is a common cond ition in lactating cows, but its 
role in the decreased ovarian fol l icular response to LH is not known (McNatty, 
1 988) .  

2 .2  Adrenal cortex. 

lt has been shown that cortisol can inhibit LH secretion (Li and Wagner, 1 983 ) .  
Plasma corticosteroid concentrations may  be  increased i n  cows suckli ng calves 
and as a result of stress or d isease. However, it remains to be determined 
whether the small increases in  endogenous c ortisol during suckl ing of cows are 
sufficient to inhibit release of LH (Faltys et a l . ,  1 983) .  In addition to hormones 
such as PRL and cortisol which circulate systemically, neural afferent tracts 
conveying sensory stimuli from suckled mammary glands may directly inhibit 
GnRH neurons within the hypothalamus (Malven, 1 984) . However,  a nother 
report has failed to confirm g luc ocorticoid release during suckl ing in intact an imals 
(Convey et al . ,  1 983) .  

2 .3 Uterus. 

The metabolite of prostaglandin F2 a: ( 1 3 , 1 4-dehydro, 1 5  keto-PGF 2 a lpha ; 
PGFM) is released for 1 0-20 days after calving in the cow. The release may 
reflect the degree of endometrial  damage and/or repair (Kindahl et a l . ,  1 98 2) .  

There i s  a positive correlation between the duration of this increased 
concentration of PGFM, and the time taken for the uterus to i nvolute completely 
( Eiey et al . ,  1 98 1  ). Another report has suggested that the ovary-uterine axis 
exerts an inhibitory effect on LH secretion during the early post-partum period , as 
hysterectomy resulted in a rapid i ncrease in  plasma gonadotrophin concentrations 
in cows (Schallenberger et a l . ,  1 984) . lt has been also shown that PGFM 
concentrations return to their  basal levels before the f irst ovulation post-partum 
(W.W. Thatcher, see Peters and Lamming,  1 986 ) .  
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2 .4 Mammary gland. 

The ruminant mammary gland has an endocrine function i n  addition to its exocrine 
function. During the pari-pa rturient per iod the g land secretes PGF and oestradioi-
1 7P (Moule-Walker  et a l . ,  1 983) .  Therefore, an endocrine role for the mammary 
gland in control l ing ovarian function post-partum would not be surprising , 
a lthough it has not been demonstrated ( Peters and Lamming,  1 98 6 ) .  However, 
it was hypothesized that the control of the mi lk  ejection reflex must be d ifferent 
from those that suppress gonadotropin secretion ( involving oxytocin released from 
the posterior pituitary [Wil l iams, 1 990]) .  

2 .5 Effects of steroids on LH and FSH release. 

Low levels of oestradiol decreased plasma LH concentrations in  OVX cows by 
inhibiting LH pulse ampl itude (but not frequency) , a nd FSH in a dose dependent 
manner. Progesterone , at constant levels, decreased plasma LH but not 
ampl itude. In the presence of progesterone, oestrad iol decreased LH by reducing 
LH pulse frequency as well as amplitude . l t  seems l ikely that the suppressive 
effects of oestradiol are mediated by decreasing the frequency of GnRH pulses, 
and by decreasing the responsiveness of the pituitary to GnRH (McNatty, 1 988) .  
Progesterone seems to act by  a ltering GnRH pulse frequency. The sensitivity of 
the hypotha lamic-pituitary axis to the inhibitory effects of oestrad iol and 
progesterone a re enhanced by the brain  opioid systems (Hanzen, 1 986) .  

Plasma levels of  oestradiol 1 7P are low after calving and highly variable before 
the first ovulation. Progesterone is not a major steroid in  the blood of the post­
partum cow before the fi rst ovulation. Frequently, the first luteal phase is short, 
and this is  invariably due to an inappropriate levels  of gonadotrophin secretion 
during the fol l icular and periovulatory phase preceding ovulat ion. 

In addit ion to the negative feedback effects of oestradiol a nd progesterone on 
gonadotrophin release, oestradiol may also provoke a preovulatory- l ike peak of 
gonadotrophin release similar to that observed a round oestrus. This positive 
feedback effect of oestrogen shortly before oestrus, stimulates the capacity of the 
pre-ovulatory foll icle to secrete oestradiol up to a rate of up to 50 ng per minute . 
The rate of oestradiol secretion causes this preovulatory-l ike peak of LH.  This 
positive feedback mechanism is critical  for ovulation-induction.  

An inadequate output of fol l icular oestradiol,  or an inadequate quantity of LH 
in response to the positive feedback  signal result in an a bnormal process of 
ovulation or C L  formation and/or function (McNatty, 1 98 8 ) .  Fai lure of the 
oestradiol feedback is a phenomenon which commonly occurs in c ows during the 
post-partum period. 
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2 . 6  Progesterone priming and its effect on silent ovulations i n  the post-partum 
period . 

The final event in the recovery sequence for the hypothalamic-pituitary ovarian 
axis is  the concurrence of external signs of oestrus and ovulation. 

In many cases, the fi rst ovulation is followed by the formation of a short-l ived 
CL .  In others, ovulation may even fa i l  to occur. A number of ovulations , fol lowed 
by a silent ovulation, may occur dur ing the post-partum period . The juxtaposition 
of silent ovulations and short luteal phases is suggestive of a common aetiology. 

Previous reports have shown a requirement for progesterone pretreatment 
when inducing either oestrous behaviour (Carrick and Shelton, 1 9 69 ) .  or 
precocious ovulation and normal luteal function in heifers (Gonzalez Pad i l ia  et al . ,  
1 9 7 5 ) .  

Hunter e t  a l .  ( 1 9 8  7)  have shown that a brief exposure t o  progesterone was 
sufficient to decrease the incidence of short luteal phases in  anoestrous ewes. 
Thus, it appears that the lack of antecedent progesterone priming is responsible 
for the frequent ovulation fa i lure and lack of oestrus at the end of the post-partum 
periods in ruminants. The brief exposure to elevated progesterone in cows may 
serve to prime the ovulatory and oestrus manifestation processes, ensuring that 
the next LH peak leads to an ovulation that is accompanied by external signs of 
oestrus and fol lowed by a normal luteal phase . 

Since progesterone pretreatment does not influence the magnitude of the LH 
peak in  response to oestrad iol 1 7P in heifers (Gonzalez Padi l la et al . ,  1 9 7 5 )  or to 
GnRH injection in anoestrous ewes (legan et al . ,  1 985 ) .  its effect on subsequent 
luteal activity must result from a direct action on the ovary. lt was found that 
fol l icles from primed anoestrous ewes had greater oestradiol production, 
testosterone concentrations and granulosa cel l  LH binding capacity than fol l icles 
from non-primed animals (Hunter et al . ,  1 987 ) .  Legan et a l .  ( 1 985 )  suggested 
that progesterone may synchronize fol l icular development to enhance the LH 
peak-release mechanism. 

Carrick and Shelton ( 1 9 69)  also suggested that progesterone alleviates the 
post-partum oestrogen refractoriness induced during late gestation in cows. 
Hunter et al . ( 1 987)  demonstrated the a bil ity of progesterone to increase fol l icular 
oestradiol synthesis. Thus, by increasing ovarian oestrad iol production, 
progesterone priming could also enhance oestrus. 

Each successive post-partum ovulation in  dairy cows appears to have a greater 
probabil ity of being associated with oestrus (lamming et al . ,  1 98 1 ;  Fonseca et a l . ,  
1 983 ) .  
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2 .  7 Fol l icle growth and pituitary hormones. 

Fol l icles > 1 mm diameter a re responsive to pituitary gonadotrophic hormones 
and to exogenous gonadotrophin such as pregnant mare serum gonadotrophin 
(PMSG) , and FSH-p ( a porcine pituitary extract of FSH) .  The thecal cells have 
specific receptors for LH, PMSG or the LH contaminant in FSH-p. These cells 
secrete androstenedione and testosterone in  response to binding with any of these 
mentioned hormones. The number of LH receptors and the level of androgen 
production in response to LH remain unchanged throughout foll icle development . 
However, the production of androgen increases with the diameter of the foll icle 
due to a progressive increase in  the number of thecal cells. FSH preparations with 
LH contamination can produce an excessive ovarian response at high doses. 
Granulosa cells have specific receptors for FSH.  These cells bind FSH-I i ke 
hormones such as PMSG.  

The individual granulosa cel ls become increasingly responsive to  FSH as a fol l icle 
matures. This is due, at least in part, to an increased coupling of the FSH 
recaptor to the intracellular s ignal l ing system.  The result is an increased synthesis 
of an aromataze enzyme which is essential for the foll icular synthesis of 
oestradiol- 1 7 p, consequently i nducing oestrous behaviour and ovulation. The 
FSH-dependent aromatiz ing enzyme system also permits the cell to metabol ize 
androgens to oestradiol . 

The time taken for the fol l icle to grow to periovulatory size is relatively rapid .  This 
rapid growth is in part, a consequence of the increasing intrafol l icular 
concentrations of oestrad iol - 1 7  p. The col lective actions of FSH and oestradiol 
lead to the induction of LH rece ptors on granulosa cells. 

The presence of LH receptors on granulosa cells, together with FSH receptors, 
lead to a greater coupl ing to the intracellular signal l ing system and a more rapid 
phase of cell differentiation .  Moreover,  the development of LH receptors on 
granulosa cells prepares them for the ovulatory peak of LH in blood and their 
transformation into LH-dependent progesterone-secreting luteal cells (McNatty, 
1 988) .  

2 .8 Fol l ic le maturation and gonadotrophin secretion before ovulation . 

The interrelationships have been examined in  some detai l  in normal cycling cows, 
but not to the same extent in post-partum cows. The l imited studies reinforce the 
hypothesis that an adequate level of LH secretion is  essential for the maturation 
of foll icles to ovulation (Spicer et al . ,  1 98 6) .  Oestrus and the preovulatory LH 
peak occur some 40-60 h after an injection of prostaglandins (PGF) to cows in  the 
luteal phase, with ovulation occurring some 1 2 to 48 h after the onset of oestrus. 
The fol l icle destined to ovulate after luteolysis is  more l ikely to be > 5 mm 
diameter and probably > 8 m m  diameter, a lthough the foll icle which ovulates may 
not be the largest non-atretic foll icle at the t ime luteolysis occurs (McNatty, 
1 988) .  

Al l  non-atretic fol l icles > 5 mm diameter are responsive to LH and FSH and 
have the-capacity to synthesize oestradiol . More than 90% of fol l icular oestrad iol 
orig inates from the granulosa cells. However, they depend upon another cel lular 
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source for the steroid precursor androstenedione or testosterone, since they are 
incapable of synthesizing these androgens ( Mc Natty et a l . ,  1 984) .  In contrast, 
more than 90% of fol l icular androstenedione or testosterone originates from 
thecal cells which are incapable of synthesizing oestradiol (McNatty et al . ,  1 984) .  
Thus, to synthesize adequate amounts of foll icular oestradio l ,  there needs to be 
sufficient LH to stimulate thecal androgen synthesis. I n  the cow, this LH 
requirement involves a minimum pulse frequency of between 1 and 2 pulses every 
2 h ,  with a pulse amplitude of between 1 and 5 ng/ml .  In  response to the rich 
local source of oestradiol  precursor provided by the thecal cells, the granulosa 
cells produce oestradiol ,  with the largest non-atretic foll icle producing the largest 
amount of oestradiol , since it has the greatest number of g ranulosa cel ls and 
highest levels of aromataze activity (McNatty, 1 98 8 ) .  

The role of FSH during the preovulatory period i s  unclear. Plasma levels o f  FSH 
decline after luteolysis.  Suppression of FSH inhibits or delays oestrus and/or 
ovulation (Quirk and Fortune , 1 986b) . Presumably, FSH in cows is crucial to 
sustain or enhance oestradiol formation by granulosa cells. Large fol l icles ( > 8 
mm diameter) are more sensitive to FSH than small  fol l icles ( < 5 mm diameter) 
as judged by the a bi l ity of granulosa cells to produce cyclic adenosine 
monophosphate . A decl ine in  FSH secretion after luteolysis probably inhibits 
oestradiol formation by all but the most FSH sensitive fol l ic les (Henderson and 
McNatty, 1 987) .  

When the progesterone concentrations decline after luteolysis, a marked change 
in LH pulse frequency is  observed together with a decl ine in FSH secretion 
concomitant with an increase in oestradiol secretion, mainly from the largest non­
atretic fol l ic le.  Over the same period , the increased LH pulse frequency causes 
increased androstenedione and testosterone production from most non-atretic 
fol l icles ( > 1 mm diameter) . The increased androgen production is greater than 
that of oestradiol, and may enhance oestrous and sexual behaviour.  About 40-60 
h after luteolysis, the preovulatory rise in oestradiol provokes the preovulatory 
peak of LH leading to d own regulation of thecal androgen synthesis. When the 
oestradiol synthesis has fallen abruptly, LH enhances progesterone secretion from 
the granulosa cells, fol l icular rupture, expulsion of the ovum and CL formation. 

3. Anoestrus. 

Post-partum anoestrus is the most common form of infert i l ity i n  New Zealand 
dairy herds (Macmil lan and Day, 1 987 ) .  

Long periods of  anoestrus can  affect submission rate [SR ]  (Macmil lan et  a l . ,  
1 975 ) .  SR i s  defined as  the percentage o f  cows in  a herd presented for 
insemination during a selected period of time, usually 3 or 4 weeks. lt is affected 
if a herd has a spread calving pattern. The average interval from calving to f irst 
oestrus also varies between herds. This variation c ontributes to the proportion 
of animals in a herd which have re-commenced their ovarian activity by the start 
of the seasonal artif icial breeding programme.  Moreover ,  poor conditions for 
pasture growth tend to be a recurring problem in some herds, increasing anoestrus 
and prolonging the i nterval to conception. A spread calving pattern will result i n  
the following year, especially i f  slow pasture growth delays ind uction therapy for 
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the later calving cows. These animals are less l ikely to be inseminated i n  the f irst 
weeks of the mating season and may be less fert i le to first insemination. 

Ovarian activity has been i nduced in  cattle by such hormonal treatments as 
injections of vitamins and minerals, human chorionic gonadotrophin (HCG) ,  PMSG, 
GnRH and progestagen. However, none of  these treatments has been com pletely 
effective in cattle (Short et a l . ,  1 988) .  PMSG was discovered 60 years ago, and 
it has been the most comm only used preparation for inducing ovulation (Cole and 
Hart, 1 930; see Short et a l . ,  1 988) .  

The use of  exogenous progesterone, particularly when its withdrawal i s  
followed by the injection of  PMSG,  has been the m ost successful treatment for 
induction of follicular growth and ovulation. Mulvehi l l  and Sreenan ( 1 97 7 )  used 
progesterone and Cronolone (SC-98880; G .D.  Searle & Co) i mpregnated 
intravaginal sponges which were inserted for 9 days, together w ith an i . m .  
injection o f  progesterone and Cronolone + oestrad iol benzoate o n  the day of 
insertion. PMSG at a d ose of 7 50 I U  was g iven to half of the cows in each group 
at the time of sponge remova l .  Animals were inseminated on a fixed time basis 
at 48 and 72  after sponge removal . Ferti l ity data , based on the calving rate from 
the fixed inseminations was 5 7 %  in the progesterone treated animals,  and 7 1 % 
with the use of PMSG.  

In  New Zealand, one early report showed that treatment with a progestagen 
sponge for 7 days and 1 000 IU of PMSG at s ponge removal produced a 4 week 
pregnancy rate of 38% (Fielden et al . ,  1 97 6 ) .  A controlled internal d rug release 
device (C IDR)  was commercial ly avai lable in New Zealand in 1 98 6 ,  and the fi rst 
anoestrous cows which were treated experimental ly with these devices were in 
the breeding programme of that year. The device was first tested w ith cows 
diagnosed as having post-partum anoestrus associated with non-cycl ic ovarian 
activity 3 weeks after the start of the seasonal artif icial breeding programme.  The 
results of these tria ls showed that the c ombination of C I D R  a nd PMSG 
significantly increased the incidence of oestrus within 7 days of d evice removal ,  
and the ferti l ity of  that oestrus was normal ( Macmil lan and Day, 1 98 7 ) .  

I n  the following season (Day and Taufa , 1 988) ,  the results with C IDRs  were 
highly variable, with some herds obtaining very good responses a nd others with 
poor responses. 

In genera l ,  the oestrous response was low est i n  2 year old ( 5 5 . 5 %  i n  oestrus 
within 1 5  days of diagnosis),  i ncreasing to 8 7 .5 %  in mature cows. Also, rates 
of response to oestrus sl ightly i ncreased with post-partum interval but varied from 
6 2 . 5 %  in October  to 8 9 . 5  in December. Many cows which were not detected in 
oestrus had ovulated after C IDR treatment .  Tria ls including 1 0 and 1 2-day 
treatment periods and d i fferent dose rates of PMSG were also evaluated . 

I n  summary, trials conducted in  the last 4 years, on the use of C IDRs  to  treat 
anoestrus in lactating da i ry c ows have shown that: 

i )  prim ing progesterone for  7 days was 
preferable to 4 days,  but the 1 0-day CIDR 
treatment was as effective as the 7-day 
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period ; 

PMSG-use at C IDR  removal was necessary in  
most cases, and 400 I U  was the most 
suitable dose; 

around 80 % of treated cows ovulated within 
1 4  days of device remova l ,  but the 
percentag e  detected in oestrus and 
inseminated was variable;  

on average,  23% of treated animals which 
ovulated were not detected in  oestrus and 
inseminated within 1 4  days of C I DR removal ;  

the variation in response patterns between 
herds was too great to justify fixed time 
insemination at a single post-treatment 
interval; and,  

the preferred a lternative is to re-examine a l l  
cows not detected in oestrus within 14 days 
of device remova l ,  and to then treat those 
which have ovulated with PGF and re-treat 
those with no palpable ovar ian response with 
a C IDR .  

4.  Ultrasound and  Animal Reproduction. 
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Diagnostic ultrasound instrumentation has been available to the medical 
community since the early 1 970's. In  the area of domestic animal reproduction, 
diagnostic ultrasonography has a relative short h istory. The transrectal real-time 
or dynamic imaging ultrasound scanning of the cow's reproductive tract and 
ovarian structures al lows the operator to view images of structures which 
normal ly can be only palpated (Pierson and G inther, 1 984) . 

U ltrasound scanning of the bovine ovaries and the d iagnostic rel iabi l ity of this 
technique was first reported by Pierson and Ginther, 1 984) . Changes in g rowth 
patterns of the foll icles in the ovary with the aid of daily ultrasound scanning have 
also been studied (Savio et a l . ,  1 988) .  

U ltrasonography is beneficial when rectal palpation of  the genital tract as well 
as hormone analysis do not give the desired information about normal or 
pathological ovarian activity. Images of the ovaries using ultrasound scanning can 
give additional information a bout the fol l icle population, the presence of a 
functional CL ,  foll icles, and luteinized c ysts. Moreover, haematomas in the 
ovaries, ovarian responses to hormonal treatment can be identified (Chupin and 
Procureur, 1 983;  Thayer et a l . ,  1 98 5 ) .  Also, ultrasound is an aid to a 
superstimulation regime as a complementary step in the procurement of 
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transferable embryos (Pierson et al . ,  1 988 ) ,  and identifying a bnormal it ies in the 
ovarian region.  Other applications of ultrasonography in cows, besides the study 
of ovarian structures, include early pregnancy diagnosis (Hansen and Delsaux, 
1 987 ) ,  verification of the age, sex and/or viabi l ity of the foetus, and aspiration of 
an oocyte (Pieterse et a l . ,  1 988 ) .  A correct i nterpretation of the physiological 
structures in  the ovaries visual ized by ultrasonography is of pr imary importance 
to make effective use of this modern technique in bovine gynaecology (Pieterse, 
1 989) .  These advantages have potential promise for the use of ultrasound 
technology by practitioners as well as for research purposes ( Kahn and Leidl , 
1 989) .  



O BJECTIVES 

The objectives of the fol lowing e xperiment were: 

a )  

b) 

c) 

to character ize the dynamic changes of the 
fo l l i c l e s  i n  the  ova r i e s  by us i n g  
ultrasonogra phy during and after CIDR-8 
insertion, together with an injection of PMSG 
in two d i fferent stages of the post-partum 
period (ear ly and late) in anoestrous lactating 
dairy cows; 

to measure changes in  plasma progesterone 
concentrations from i nsertion to removal of 
C IDR devices in anoestrous cows; and, 

to measure treatment response rates in  terms 
of oestrus and/or  ovulation .  

2 4 5  
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MATERIAL AND METHODS 

Animals. 

This experiment was carried out with cows in two commercial seasonal supply 
dairy herds in  the Manawatu area of New Zealand . The animals were Friesian 
cows w ere aged from 3 to 9 years and g razed ryegrass-white c lover pastures 
throughout the study. Groups of lactating non-cycl ing cows (n = 28) calving 
between September and October 1 989 were studied at two d ifferent times in  the 
post-partum per iod . 

Oestrus detection was monitored in both treatment and control g roups during and 
after the treatment, by twice daily observation, with each observation lasting at 
least 30 minutes and carried out in conjunction with the use of tai l  paint and raddle 
as aid in  oestrus detection (Macmillan et a l . ,  1 988) .  Oestrus was defined as that 
period during which a cow would stand to be ridden by its herdmates. The 
animals were considered to be or have been in oestrus when raddle was removed 
and varied a mounts of paint has been rubbed off. 

Experimental Protocol. 

A control led internal drug releasing device (Eaz i-Breed C IDRtm_B;  CHH Plastic 
Moulding C o . ,  Hamilton, N .Z . )  containing 1 . 9 g progesterone in a si l icone 
elastomer ( 1  0% w/w) was used with each treated cow in this experiment. 

Pregnant Mare Serum Gonadotrophin (PMSG, as Fol l igon , l ntervet, Chemavet 
Division Phamaco Ltd , N .Z. )  was also used . 

Animals in  each treatment group received the following treatment:  

CIDRs w ere inserted for 1 0  days on day 2 5  (trial 1 ;  1 11 herd) or day 55  (trial 
2; 2nd herd) of the post-partum period , respectively. 

Each animal was i njected intramuscularly in the rump w ith PMSG (2 ml 
containing 400 I . U . ) ,  when the C ID R-8 was removed . 

Animals in the respective control groups did not receive any treatment. 

I n  Tria l  1 ,  1 2  non-cycl ing cows were included in the treatment g roup, and 1 0 i n  
the control group. 

In Tria l  2, 6 non-cycl ing cows were included in the treatment group, and 5 in 
the control group. 
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Blood Collection and Analysis. 

Blood samples for progesterone (P4) measurements were col lected as fol lows:  

i )  Treatment groups: 

a) Immediately before C I DR-B insertion and removal . 

i i )  Control groups: 

At the same times as w hen a C I DR-B was inserted or removed from a cow 
in  the treatment g roup. 

These samples w e re collected by coccygeal venepuncture and assayed to 
check luteal ovarian activity post-partum and the concentrations of progesterone 
at the end of treatment. 

Each sample (8  ml)  was drawn into a heparinised tube (N ipro-New Tube 
System , Vacuum Blood Collecting System ,  N issho Corporation, Osa ka ,  Japan) 
which were put on ice. Samples were centrifuged within 2 h at 5 oC for 20 
minutes at 3000 xg . The extracted plasma was stored at - 20 oC unti l measured 
by specific radioimmunoassay (R IA) for P4. 

Those animals w ith levels above 1 ng/ml before C I DR-B insertion w ere excluded 
from the experiment because they were considered to have signif icant luteal 
ovarian activity post-partum, and may have previously recovered ,  spontaneously 
from the condition. 

Hormone Assay. 

Plasma concentrations of progesterone w ere measured by the method of Kirwood 
et a l .  ( 1 984) . 

Progesterone. Determinations were made on 500 pi samples from the blood 
collection . Samples were extracted w ith 5 ml  toluene:hexane ( 1  : 2  v/v ) .  The 
plasma was frozen overnight, and the solvent then decanted into clean tubes, 
dried under air and redissolved in 500 pi ethanol . Duplicate 1 00 pi samples of 
ethanol extract were dispensed into plastic tubes and dried under a i r ,  as  w ere 
duplicate 1 00 pi samples of standard ethanolic solutions of progesterone (P-
1 030:Sigma Chemical Co . ,  St Louis, Missouri , U.S.A. ) with concentrations 
corresponding to plasma progesterone levels of 0 .625-40 ng/ml .  A mixture 
containing antiserum (courtesy of Dr J. T. France) at a final d i lution of 1 : 1 8000 
(Tungsubutra & France, 1 978 ) ;  [ 1  ,2 ,6 ,  7-HJ progesterone(TR K  4 1 3 , Amersham, 
Bucks, U .K . )  at 1 0000 c .p .m. / 1  00 pi ; phosphate-buffered sal ine containing 0 .02 
m-EDTA and 0. 1 %  gelatin (PBS-EG) in the ratio of 1 : 1 :4 (by vol . )  was added ( 600 
pi) to each tube and vortexed .  After overnight incubation at 4 C, 600 pi of 2 . 5 %  
(WN) charcoal (Norit A ;  A . H .  Thomas C o . ,  Philadelphia, U .S.A. ) suspension in 
PBS-EG were added to the tubes, vortexed and then incubated at 4 C for 1 0 
minutes. Tubes were then centrifuged at 3000 g for 1 0 minutes at  4 C .  The 
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supernatant was decanted into scinti l lation vials and 6 m l  toluene-trition 
scinti l lation fluid added before counting for 2 m inutes in a Beckman LS 7 500 
scintil lation counter. 

Assay sam ples were processed in a single assay in which the l imit of 
sensitivity was 0 .07 ng/ml,  and the intra-assay c oefficient of variation was 9 . 5 % .  

Ultrasound Examination. 

Ovarian foll icular populations were examined using a transrectal real time l inear 
array ultrasound (Aioka , Echo Camera, Multicrystal Scanner, model SSD-2 1 0-DX, 
Japan) with a 5 .0 megahertz probe . 

Size and number of ovarian foll icles with antral d iameters equal to or greater than 
2 mm were recorded as well as the size and number of unovulated lute inized 
fol l ic les (fol l ic les with unclear fluid, and heavi ly echogenic borders) ,  and corpus 
luteum . The fol l icles were classified in three categories described as follows: 

Small : < 6 mm (Class 1 ) .  

Medium: from 6 to 9 mm (Class 2) .  

Large : > 9 mm (Class 3) .  

I n  the treatment groups, ovaries were examined by ultrasonic scanning : 

1 )  when the C IDR  was inserted; 

2) on day 8 after C IDR insertion; 

3) at the time a C IDR was removed ;  

4 )  on  the fi rst day  after a C IDR  was removed;  and 

5) on the 1 4th day after a C IDR  was removed .  

I n  the control g roups, ovaries were examined b y  ultrasonic scanning on the same 
days as the C I D R  was inserted and removed from cows in  the treatment groups. 
No sedative was used with an animal which was simply restrained in  a single race 
during the scanning.  The method for examining the ovaries by ultrasonography 
was adopted from previous reports (Quirk et a l . ,  1 986a; S irois and Fortune ,  
1 988) .  

The routine procedure for each examination was as follows: 

i )  

i i )  

faecal material was removed manually from 
the rectum before examination; 

the transducer was inserted into the rectum; 



i i i )  

iv)  

each ovary was separately located and 
scanned several times, and in more than one 
plane . When it was necessary, the image 
was frozen on the screen and  the size of a 
foll icle measured; and ,  

The probe was d ipped in antiseptic solution 
between examinations of different animals. 
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Each ultrasonography procedure was recorded on videotape (Panasonic-VH-NV­
E 1 80SP) .  The video recorder was National AG-6 200-EN, Matsushita E lectric 
I ndustria l Co. ,  Ltd Japan. The tape was reviewed on the screen of the scanner, 
and diagrams of the relative positions of the foll icles in relation to other ovarian 
structures were drawn for each ovary. This al lowed individual fol l icles to be 
identified on successive days. When the image of the foll icle being scanned was 
not spherical , the diameter was estimated by averaging the longest and shortest 
diameters. All foll icles were measured with a cal l iper cal ibrated against the scale 
provided with the ultrasound unit. All ultrasonographic examinations, and the 
reviews of the videotapes were performed by one operator. 

Statistical Analysis. 

Data were analyzed using the Panacea Database Management System (PA N  
Livestock Services Ltd . Department of Agriculture, University o f  Reading , P.O .  
Box 2 3 6 ,  Reading , Berkshire, England ) .  The numbers of foll icles w ithin each class 
and the total number per animal were analyzed . Also included in the analysis was 
the effects of oestrous response to treatment, and ovulation after treatment. 
Fol l icular diameter classes (class 1 ,  2 and 3), and diameter of the largest fol l icle 
were also analyzed . 
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RESULTS 

Level of Production and Body Condition Score. 

The level of production in  herd 1 (Tria l  1 )  during 1 989 was 1 48 . 3  kg of mi lk  
fat/per animal/ year. In  herd 2 (Trial 2 )  i t  was 1 35 kg  of milk fat/per animal/year .  
The condition scores var ied from 3 .0  to 4.0 for the animals involved in both herds 
( Holmes and Wilson , 1 98 7 ) .  

Fol licular Status of the Ovaries at Initial Examination. 

Early post-partum . 

The foll icular status of the ovaries at the t ime C I DRs were inserted into each 
animal was that although the ovaries were small (under 10 mm along the l ongest 
axis) , there were always fol l icles present . The average  number of c lass 1 fol l ic les 
per animal was 1 3 . 3  ± 0 . 6  with a range of 1 0 .0 to 1 5 .0 fol l icles. Not a l l  the 
c ows had at least one class 2 fol l icle at scanning . Normal (seen as fluid-f i l led 
structures, which appear on the screen as black [nonechogenic] areas by a 
d efined , relatively smooth outl ine; Figure 5 . 1 )  and luteinized (as a fol l icle [black 
on the screen] l ined by an irregular enlarged echogenic layer [grey on the screen] 
w ith unclear fluid; Figure 5 . 2) class 3 foll icles were found in  non-cycling cow. 
There were 6 cows with luteinized fol l icles from a total of 1 2 animals. 

Contemporary control cows had smal l  ovaries. The average number of class 1 
fol l icles was 1 3 .8 ± 0 .9  with a range of 8 .0 to 1 7 .0 follicles.  Also, there were 
c lass 2 and class 3 foll ic les in a l l  the ovaries .  Normal and lute inized class 3 
foll icles were found in  the ovaries of these animals. From a total of 6 animals,  
there were 2 cows with lute inized fol l ic les. 

Late post-partum. 

There were small fol l icles present in  the ovaries of every cow at initial scanning . 
The average number of class 1 foll icles was 1 3 . 5  ± 2 .  7 with a range of 3 to 20 
foll icles. There were a lso class 2 and 3 foll icles present including normal and 
luteinized class 3 foll icles. There were 3 cows with a luteinized fol l icles from a 
total of 6 animals. 

Simi larly, there were fol l ic les in  the smal l  ovaries of every contemporary control 
cow. The average number of class 1 foll icles was 1 6.7  ± 3 .4 with a range of 
1 3 .0 to 1 9 .0 foll icles. Fol l ic le classes 2 and 3 were present on the ovaries at the 
m oment of scanning . Normal and lutein ized class 3 follicles were identified i n  
each o f  these animals. The proportion of animals with a luteinized foll icle were 
2 cows from a total of 4 an imals. 

There were no differences in ovary size i n  the early or late post-partum period . 
Also, the average number of foll icles in each class was not signif icantly different 
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between post-partum stages. However, although it was not signi ficant, the total 
number of follicle was sl ightly higher in the late than in the early post-partum 
period , and there was an increase in the number of class 2 foll icles (Table 5. 1 ) .  

Follicle Number during Treatment. 

Early post-partum . 

The average number of fol l ic les in each class was not significantly a ltered during 
the C IDR treatment in  treated animals (Table 5 . 2) .  The size of the largest fol l icle 
did not increase during the C IDR  treatment in which the diameter was 1 3 . 7  mm 
at CIDR insertion vs 1 2 . 9  mm at device remova l .  The total number of fol l icles 
was not significantly a ltered during treatment .  However, in  untreated 
contemporary animals some cows were not considered for analysis because thus 
had developed significant luteal activity which indicated spontaneous recovery 
from the condition (4 cows from a total of 1 0  animals) . The results from the 6 
non-cycling cows remaining showed that the average number of each fol l icle class 
and the total number of fol l ic les were not significantly a ltered,  but the size of the 
largest fol l icle was significantly increased ( 1 2 . 5  m m  at day 25 post-partum vs 
1 5 . 2  mm at day 35 after calving; P <  0. 1 0) .  

Late post-partum . 

The average number of class 1 fol l icles increased significantly during the period 
when CIDRs were inserted i nto cows in the treated g roup ( P <  0.05;  Table 5 .3) . 
However, the number  of smal l  foll icles did not change in  the untreated group. 

Class 2 and 3 fol l ic les d id not increase in either treated or untreated animals, 
and the average size of the largest follicle did not i ncrease during this period of 
time in both treatment and control groups ( 1 2 .0  mm and 1 1 .8 mm at the fi rst 
examination [days 50-55  post-partum] vs 1 1 . 0  m m  and 1 1 . 3 mm at the second 
examination [days 60-65  post-partum],  respectively) . 

When the comparisons in  treatment and control g roups were made between early 
and late post-partum period , the results showed that in  the treatment groups, the 
average number of class 2 foll icles and the total number  of foll icles were 
significantly increased at C IDR  removal in the late c om pared with the early post­
partum period (Table 5.4).  However the average  number  of class 1 foll icles was 
increased but not significantly. In  the control c ows,  the average number of class 
1 follicles, and the total number of follicles were signif icantly increased at the time 
equivalent to device rem oval in  the late compared with the early post-partum 
period . Moreover,  the population of follicles in both treatment and control g roups 
was increased in the late post-partum period , c om pared with the early post­
partum period . 
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Follicle Changes before Oestrus. 

Early post-partum. 

I n  treated anoestrous cows, the average number of c lass 1 fol l icle per animal 
increased significantly 1 day after the CIDR was removed from 1 5 .0 ± 1 . 2 at 
CIDR removal to 2 1 . 1  ± 1 . 1 one day later (P < 0 .0 1 ;  Table 5.5) . The average 
numbers of class 2 and 3 foll icles d id not change during this period, and the s ize 
of the class 3 luteinized foll icles increased signif icantly after CIDR removal and 
injection, from 1 4 . 6  ± 1 . 1 at removal to 1 8 . 1  ± 0 . 7  one day later ( P <  0 .0 1 ;  
Table 5 .5) . 

In  the anoestrous cows which displayed oestrus after C IDR + PMSG treatment, 
the average number of foll icles per animal in each class at C I D R  removal was 
simi lar to cows not displaying oestrus, but the diameter of class 3 luteinized 
fol l ic les was slightly greater in animals displaying oestrus (P  < 0. 1 3; Table 5. 6) . 

These oestrous cows a lso had a greater increase in  class 1 fol l icles by one day 
after device removal ( 1 5 . 3  ± 0 .8  vs 23 .6  ± 1 .4; P <  0 .00 1 ; Table 5 .6) . 
However, the average sizes of class 3 luteinized and normal fol l icles were not 
increased . The results for the non-oestrous cows are also presented in  Table 5 .6. 
In  these cows, the average number of foll icles in each class, and the size of the 
largest foll icle were similar at C IDR removal and one day after device remova l .  

The average number o f  foll icles in  each class was simi lar at C I D R  removal among 
cows which ovulated or did not ovulate after C IDR/PMSG treatment. However, 
the size of the large luteinized foll icle increased significantly in cows which 
ovulated compared with cows which did not have an ovulation by 7 days after 
rem oval (P < 0. 1 0;  Table 5. 7 ) .  After treatment, the number o f  class 1 fol l icles 
increased significantly in early post-partum cows which had an ovulation and 
formed a CL  ( 1 4. 5  ± 1 . 1 vs 23.4 ± 1 .4; P <  0.00 1 ; Table 5. 7 ) .  Although it was 
not a significant d ifference, these cows also had an increase i n  the number of  
class 3 foll icles after treatment ( 1 . 6  ± 0 .3  vs 2 . 3  ± 0.6) .  

Late post-partum. 

The average number of  foll icles in  each class and the s ize of the normal and 
luteinized class 3 foll icles did not i ncrease after C IDR/PMSG treatment (Table 5.8) .  

I n  treated cows displaying oestrus with ovulation and formation of a C L  after 
treatment, the number of fol l icles in each class was simi lar at C IDR removal 
compared with cows which did not d isplay oestrus and did not ovulate by 7 d ays 
after device removal .  The size of the normal and lute inized class 3 fol l icles d id not 
increase significantly. Cows which d id not d isplay and ovulate also d id not 
increase the foll icles classes 1 , 2 and 3 and the size of normal and luteinized 
foll icles after treatment (Table 5.9) .  
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Plasma Progesterone Profiles. 

Early post-partum . 

Average plasma progesterone concentrations ( PPC) at the time of C IDR insertion 
and at removal in non-cycl ing cows in the early (Tria l 1 )  and late (Trial 2) post­
partum period are presented in Table 5. 1 0. The average PPC before C I D R  
insertion in the treatment g roup was 0 .4 ± 0 . 1  ng/ml compared with an average 
concentration of less than the detectable l imit  of the assay ( < 0 . 1 ng/m l )  in the 
control group. 

The average PPC before C IDR  removal for t reated cows was 4.5 ± 1 . 3  ng/m l .  
In  the untreated control g roup at  the same sampling time it was 0 . 3  ± 0 . 1 ng/m l .  

Late post-partum . 

The average PPC before C IDR insertion in the treatment group was 0 . 3  ± 0 . 1 
ng/ml ,  compared with 0 .4 ± 0 . 1  ng/ml at the same time of sampling in the 
untreated control group (Table 5 . 1  0) . Before C I DR removal concentrations in the 
treatment group were 2 .4  ± 0 . 9  com pared with 0 .4 ± 0. 1 ng/ml in the untreated 
control group ( P >  0 . 1 0 ) .  

The concentrations of  progesterone in the control cows which had a luteinized 
foll icle present at the sam pling when the C I D R  device was removed in treatment 
groups (n = 6) ,  varied from 0. 1 ng/ml  to 1 . 6 ng/m l .  

Oestrous Response and Ovulation after Treatment. 

Early post-partum. 

The 22.7% of cows which d isplayed oestrus in the early post-partum period 
comprised 2 5 %  of the treated cows vs 33 . 3 %  of control animals. 

One third of the treated group were i n  oestrus within seven days after 
C IDR/PMSG. None of the cows in the control group were in oestrus d uring the 
same period of time. 

The percentage of cows which had not d isplayed oestrus, but had ovulated 
and formed a CL was 5 3 . 8 %  for cows in the early post-partum period , being 5 5 . 5  
a nd 50.0% i n  treated and control cows res pectively. 
After removal of the C IDR and PMSG inject ion,  3 of the 1 2  cows were in oestrus 
within the first 7 days after treatment, and 2 of these 3 had an ovulation and 
formed a CL. Moreover, these 2 cows had a luteinized fol l icle in the other ovary 
as identified by ultrasonography at scanning on the 1 4th day after C IDR rem oval . 
The third cow did not ovulate . 

There were 5 cows which did not displa y  oestrus, but a CL  was identified by 
ultrasonography when they were scanned 1 4  days after C IDR removal .  In  3 of 
these 5 cows, a luteinized foll ic le  was identified by ultrasonography at the same 
time in the other ovary. 
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I n  the 4 remaining cows i n  the treatment g roup ,  each cow had a luteinized 
fol l ic le identified by ultrasonography 1 4  days after d evice removal . 

On ly  2 out of 6 cows d isplayed oestrus in the contem porary control g roup ,  and 
in one of these cows a CL  was identified . In the remaining cow a luteinized 
fol l ic le was identified by ultrasonography on the 1 4th day after device rem ova l .  

There were 4 cows which d id  not display oestrus , but a C L  was  identified i n  
2 of them . 

The 2 remaining cows in the group did not d isplay oestrus and had not 
ovulated by the t ime of scanning performed 1 4  days after device remova l .  

Late post-partum.  

Treated cows in the late post-partum period d id not ovulate without displaying 
external signs of oestrus . However, al l  of the untreated cows which ovulated 
formed a CL without any external signs of oestrous . 

After removal of the C IDR and subsequent PMSG injection, 2 cows were in  
oestrus within the fi rst 7 days after treatment. A CL was identified in both of  
these cows by ultrasonography at scanning 1 4  days after device remova l .  
A luteinized fol l ic le was identified by ultrasonography at the same time, in the 
remaining 4 cows which did not d isplay oestrus. 

Contemporary control cows did not display oestrus, but each of them had 
formed a CL  in one ovary, and a luteinized fol l ic le in the other ovary. 
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DISCUSSION 

Follicular Status of  the Ovaries at Initial Examination. 

In the present study, foll icles in classes 1 ,  2 and 3 were identified by 
ultrasonography at initial examination in early and late post-partum periods in 
anoestrous cows. 

The population of foll icles varied between cows in both early and late post­
partum periods, but the average number of fol l icles per animal and in each class 
at day 25 and 50-5 5  for treatment and control groups was similar (Tables 5 . 2  and 
�) . This result is  in  agreement with the data of Chaimongkol ( 1 990) , a lthough 
in the present study the average number in each fol l ic le class was less. 
Chaimongkol ( 1 99)  reported that the population of fol l icles, identifiable by 
ultrasound examinations, did not increase significantly between the second and 
seventh weeks after calving in acyclic dairy cows. The finding that class 2 and 
3 foll icles were present in these anoestrous cows is in agreement with a previous 
report indicating that there were large ( > 8 mm)  follicles in early post-partum in 
acyclic suckled beef cows (Spicer et al . ,  1 98 6) .  However, these data differ from 
findings in another report (Peter and Bosu, 1 988) ,  who ind icated that large 
fol l icles were absent in  post-partum anoestrous cows. 

Follicle Number during CIDR-B Treatment. 

The average number of fol l ic les in each class was not significantly increased in 
early post-partum cows during the treatment period, in either treated or untreated 
contemporary animals. However, in the late post-partum period , only the average 
number of class 1 fol l icles was significantly increased in animals in  the treated 
group (Table 5.3) . 

The increased number of small  fol l icles in  this period was due to the fact that 
during this t ime the anoestrus cows were in a period of foll icular growth . lt is 
known that the circulating concentrations of LH a re lower in acycl ic p ost-partum 
animals than in cyclic animals, but the circulating concentrations of FSH are not 
suppressed (Nett, 1 987 ) .  Therefore, the class 1 follicles which are m ore FSH 
dependent, could develop in  these cows. M oreover,  the early post-partum period 
is characterized by lower biological activity of the LH which is secreted from 
reduced pituitary stores (Weesner et a l . ,  1 987 ;  McNatty, 1 98 8 ) ,  as well as a 
decreased responsiveness of the pituitary to GnRH (McNatty, 1 98 8 ) .  

O n  the other hand, the population of fol l icles i n  both treatment a nd control 
groups increased in the late post-partum period .  This can be explained because 
there is a gradual increase in the frequency of LH pulses and in plasma LH 
concentrations with time post-partum. M oreover,  the secretion of g onadotrophin 
stimulates foll icular growth a nd production of oestradiol (Peters and Lamming , 
1 986) .  Therefore, concurrent with these changes there is a progressive recovery 
of the anoestrus condition. 
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Follicle changes before Oestrus. 

The average number of class 1 foll icles in the early post-partum period increased 
significantly in the whole treatment group i rrespective of whether or not animals 
displayed oestrus or ovulated with CL formation after the treatment with 
C I DR/PMSG (Tables 5.5. 5.6 and 5. 7). This is because the small foll icles were 
responsive to pituitary hormones, and to exogenous hormones such as PMSG. 
The class 2 a nd 3 foll icles which were present d id not respond. These medium 
and large fol l icles a re responsive to FSH and LH, and also are capable of 
synthesizing oestradiol- 1 7  p. However, during post-partum anoestrus, these 
foll icles can fail to secrete adequate amounts of oestradiol which is essential for 
the induction of oestrous behaviour and ovulation, and often fail to reach 
preovulatory size, thus causing a decreased ovarian fol l icular response to LH 
( McNatty, 1 988 ) .  

The lack of  response to PMSG in  each class of  follicles in  the late post-partum 
period can be explained as fol lows: 

The functional competence of the hypothalamus and pituitary is normally 
decreased for a 1 0  to 70-day period after calving (McNatty, 1 988;  Short et al . ,  
1 990) . The primary deficit that exists in post-partum cows i s  low concentrations 
of LH (Short et a l . ,  1 990) . On the other hand, the duration of the post-partum 
anoestrus is related (either in part or in various combinations) to breed , body 
condition at calving , time of year, age of cow, levels of nutrition, lactation, 
suckling, dystocia, uterine pathology and chronic debilitating disease (Roberts, 
1 9 7 1 ;  Kaltenbach, 1 980; Lamming et a l . ,  1 98 1 ;  Tucker, 1 982 ;  McNatty et al . ,  
1 983; Chauhan et al . ,  1 984; Montgomery, 1 986 ;  Hanzen, 1 98 6 ;  Peter and 
Lamming , 1 98 6 ;  Wright et al . ,  1 987 ) .  The cows included in the present study 
were in deep anoestrus at the time of C IDR/PMSG treatment. Therefore, the 
sensitivity of the hypothalamic-pituitary axis was in a complete state of 
suppression and less responsive to PMSG . 

In  the early post-partum period , the diameter of the largest unovulated luteinized 
follicle in treated groups which d isplayed oestrus and ovulated was significantly 
increased during C IDR  treatment and its uncontrolled growth was extended after 
the device was removed (Tables 5. 5. 5.6 and 5. 7 ) .  Also, these unovulated 
luteinized follicles had the largest diameter in the ovaries. However, the diameter 
of normal c lass 3 foll icles did not increase during this period , and some of them 
ovulated after C IDR rem oval and formed a CL. 

There were two consistent findings in th is  study: 

a )  after device removal in both treated g roups, and also in the contem porary 
control group, class 3 follicles grew, and at scanning on day 1 4  after device 
removal there was a CL in almost all cows and luteinized foll icles, or luteinized 
follicles alone in one ovary and a luteinized foll icle in the opposite ovary. 

b) normal follicles commenced development w ithin a foll icular wave in the 
presence of large unovulated luteinized foll icles. 
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The following is offered as a possible explanation for the uncontrol led g rowth 
of luteinized foll icles, and for the fact that few normal class 3 fol l icles d id ovulate , 
with most of them becoming luteinized : 

After parturition, the peripheral plasma levels of oestradiol and progesterone 
are low before fi rst ovulation. In  addition to the suppressive effects of these 
hormones on gonadotrophin release, (especial ly LH), oestradioi- 1 7P can cause a 
periovulatory-l ike pea k  of LH (and to a lesser extent of FSH) .  This feedback 
mechanism is critical for induction of ovulation. I f  the preovulatory fol l icle has 
matured sufficiently then this is communicated to the hypothalamic-pituitary axis 
via oestradioi- 1 7P and the pituitary releases an ovulatory peak of LH at the time 
m ost appropriate to the foll ic le.  

An inadequate level of e ither fol l icular oestradiol or LH in  response to this 
positive feedback signal results in an abnormal ovulation or CL formation and/or 
function. The fa i lure of oestradiol feed back  is a phenomenon which commonly 
occurs in cows during the post-partum period (McNatty 1 988 ) .  

The extent o f  foll icular devel opment in the presence of a large luteinized foll icle 
could indicate that the regulatory mechanism associated with fol l icular dominance 
was not present in those luteinized foll ic les. Therefore the mechanism of control 
of fol l icular growth and development was not a ltered.  This probably can be only 
re lated to the luteinization process within the fol l icle. 

Plasma Progesterone Profiles. 

The average PPC at C IDR removal in anoestrous treated cows in the early post­
partum period was 4 . 5  ± 1 .3 ng/ml ,  with values ranging from 0 . 8  to 1 5 . 8  ng/ml 
(Table 5 .  1 0 ) .  Treated cows at  C IDR  removal i n  the late post-partum period had 
a mean of 2.4 ± 0.9 ng/ml ,  with values ranging from 0.8 and 6 . 9  ng/m l .  The 
significantly higher variation in PPCs at C I D R  removal in the early post-partum can 
be explained as follows: 

During the early post-partum period, there is a combination of factors such as 
the stress of high production levels with a reduced appetite and loss in body 
condition. On  the other hand, a previous report indicated that levels of feeding 
and body weight were associated in ewes with altered metabolic clearance rates 
of progesterone from the body and m obi l ization of stores of progesterone (Payne 
et a l . ,  1 987 ) .  Therefore it is logical to suppose that in this period , the degree of 
anoestrus d iffered according to l iveweight and different degrees of nutritional 
stress during early lactation. The variation in concentrations of progesterone in  
untreated control cows at day  3 5  of  the post-partum period was associated with 
different degrees of luteinization within the population of fol l icles w hich were a ble 
to secrete small amounts of progesterone ( Schirar and Martinet, 1 98 2 ) .  

Oestrous Resoonse and Ovulation after Treatment. 

From the results of this study, few animals displayed oestrus in  both post-partum 
periods,  and the number  of animals which had not d isplayed oestrus but had 
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ovulated and formed a CL was quite variable. 

There are also results from other studies.  I n  a concurrent study with cows in 
year-round herds, only 8% of cows were diagnosed as non-cycling . When these 
cows were treated with a C I D R  and PMSG,  5 3 %  were inseminated within 1 0  
days of treatment. This percentage varied between herds, ranging from 40% to 
6 3 % .  However, another 24% ovulated but were not observed in oestrus. In one 
seasonal herd , 1 2% were d iagnosed as non-cycl ing ,  and the 7 1 % of them were 
inseminated after treatment ( Dick, 1 990a ) .  In another seasonal herd , cows were 
also treated with a 1 0-day C I D R/PMSG in which only 5 cows out of 1 0 were 
observed in oestrus within 7 days after treatment. The 5 cows w hich did not 
display behavioral signs of oestrus included 2 a nimals which had a CL identified 
by ultrasonography at scanning .  No response to treatment was observed in the 
3 remaining animals (Dick, 1 990b) . 

I n  general , there was a significant percentage of untreated cows which had 
formed a CL, but did not display oestrus .  lt was especially notable w ith the cows 
in the late post-partum period (Trial 2) in which none of the cows displayed 
external signs of oestrus, but all of them ovulated and formed a CL .  The high 
incidence of ovulation without oestrus can be expla ined partly by the organization 
of the oestrus detection which was considered to be less satisfactory than usual .  

Although the data i n  this study i s  not enough to support definitive conclusions , 
it does show the fol lowing : 

1 )  The use of C I DR/PMSG treatment was not as successful as one would have 
expected . lt produced some positive response in terms of oestrous behaviour and 
formation of a CL in the late post-partum period, where the cows were i n  deep 
anoestrus. Moreover, it is known that the response to CIDR/PMSG treatment is 
quite variable, possibly because the condition of anoestrus as seen in  New 
Zealand dairy herds under these condit ions is essential ly nutrit ional anoestrus 
rather than simple post-partum or lactational a noestrus (Macmil lan et a l . ,  1 990a ) .  

2 )  The high percentage of  untreated cows which d id  not display external signs 
of oestrus with first ovulation post-partum , would suggest that an ovulation 
without any external signs of oestrus may stil l  be physiologically normal in the 
post-partum period in cattle (Zemjanis, 1 980;  Savio et a l . ,  1 990b; C haimongkol , 
1 990; Kyle et al . ,  1 990) . However, the factors influencing oestrous expression 
and the way in which a detection aid is used cannot be ignored . 

lt was suggested that the a bsence of progesterone priming is responsible for the 
frequent lack of oestrus and ovulation failure (Carrick and Shelton, 1 9 69;  
Gonzalez-Padi l la et  al . ,  1 97 5 ) .  On  the other hand, it has also been shown that 
progesterone priming is necessary to increase foll icular oestradiol synthesis and 
the development of LH receptors on granulosa cells in anoestrous ewes (Hunter 
et a l . ,  1 986;  Hunter et al . ,  1 98 7 )  and cow s  ( lnskeep et a l . ,  1 988 ) .  Moreover, 
there was a good correlation between plasma levels of oestradiol- 1 7  P and the 
incidence of hyperactive behaviour ( Rhodes and Randel , 1 978) .  This impl ies that 
progesterone treatment is a ble  to take greater advantage of the ovulatory peak of 
LH that triggers ovulation and luteinizes the fol l icle. Thus, by increasing ovarian 
oestradiol and LH receptors in the preovulatory foll icle, progesterone priming could 
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enhance oestrus .  In  this present study, treated groups did not have a significantly 
higher proport ion of cows in oestrus after C I DR/PMSG treatment, compared with 
the control g roups . Therefore, the postulated effects of the necessary priming of 
progesterone to enhance oestrus was not observed . 

This may m ean that the exposure to progesterone may not have been 
adequate to prime the ovulatory system in anoestrous cows in which the 
inadequate or inappropriate patterns of LH release seem more closely related to 
the presence or a bsence of ovarian activity in post-partum cows (McNatty, 1 988;  
Short et  a l . ,  1 990) .  
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CONCLUSIONS 

These results show that the treatment did create some differences in  the patterns 
of fol l icular development at the early and late post-partum per iods,  and the 
response to C IDR/PMSG treatment was quite variable. This was possibly because 
the condition of anoestrus is essentia l ly  nutritional anoestrus rather than simple 
post-partum or lactational anoestrus. The distinction has to be made between 
these forms and its combination. Moreover,  in early lactation when negative 
energy balance is common, this deficit apparently affects the hypothalamus and 
the secretion of pituitary gonadotro phin, and this ultimately  affects fol l icular 
growth on the ovary. When C I DR/PMSG treatment is used to stimulate ovarian 
activity ( including hypothalamic sensitisation to oestrogen to produce release of 
LH and ovulation ) ,  then ovulation may occur without oestrus and inadequate 
foll icle development may sometimes occur after treatment. 

Further studies have to focus on:  

i) 

i i ) 

i i ) 

the importance of identifying factors which 
affect the treatment response (resulting in 
ovulation with oestrus, ovulation without 
oestrus or no endocrine response at all) and 
to consequently reduce the variation between 
herds in treatment efficacy; 

The endocrinological characteristics of 
anoestrous cows at the post-partum period ; 
and , 

the interre lationship between nutritional state 
of the animal before and at calving,  and post­
partum fol l icular activity, since the ovarian 
response appears to be related to post-partum 
stage as well as to the severity and duration 
(short or long term) of nutrient deprivation. 



Figure 5. 1 

A B 

Ultrasound images of fol l icles at various stages of the oestrous cycle. Foll icles approximately 2 to 20 mm are 
visible on the ovaries (A and 8) .  Scale on the right image is in centimetres. 

N 
0' 
...... 



Figure 5 . 2  Ultrasound image of a luteinized foll icle i n  a 
non-cycl ing cow at day 1 4  after treatment with 
CIDR/PMSG.  1 = l uteinized cells. Scale on the 
right image is  in  centimetres. 
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Ta ble 5 . 1  

Post-partum 
Period 

Ear lya 

Lateb 

Average number of ovarian follicles in classes 1 ,  2 and 3 and 
total number of follicle at initial examination in treated cows 
and at the same time for the contemporary control cows in 
the early and late post-partum (PP) period in anoestrous 
cows. 
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Treatment Control 
Group Group 

Class Mean (SEM)  Mean (SEM)  
Foll icle 

1 1 3 . 3  0 . 6  1 3 .8  1 . 1  

2 1 . 2 0 . 2  1 .3 0 .4  

3 1 .3 0 . 3  1 .0 0 . 1 

Total 1 5 .8  0 . 6  1 6 . 1  0 . 8  

1 1 3 . 5  2 . 7  1 6 . 7  3 . 4  

2 2 .0 0 . 6  2 . 7  0 . 2  

3 2 . 0  0 . 1 1 .0 0 . 1 

Total 1 7 . 5  1 .  7 20.4 1 . 7 

a =  In treated cows C IDR-8 was inserted from 25 day PP 

b = In treated cows C I DR-8 was inserted from 50-55 day PP 



Ta ble 5 . 2  

D a y  PP 

Average number of ovarian follicles per animal in classes 1 ,  

2 and 3 and total number of follicles during CIDR-B insertion 
in treated cows and in the same period for contemporary 
.controls cows in early post-partum period (PP) in anoestrous 
cows. 

Treatment 
Group 
( 1 2) 

Control 
Group 
(6)  

Class 

1 
2 
3 
Total 

1 
2 
3 
Total 

Mean (SEM)  

1 3 . 3  
1 . 2 
1 .3 

1 5 . 8  

1 5 .0  
1 . 7 
2 .0  

1 8 . 7  

0 . 6  
0 . 2  
0 .3  
0 . 6  

1 . 2 
0 . 3  
0 . 5  
1 .0 

Mean (SEM) 

1 3 . 8  
1 . 3 
1 .0 

1 6 . 1  

1 5 . 8  
2 . 0  
1 . 2 

1 8 .0  

1 . 1  
0.4 
0 . 1 
0 .8  

1 .0 
0 .2  
0 .2  
0 .8  

a =  I n  treated cows C I DR-B was inserted for 1 0  days from 2 5  days PP 

b = I n  treated cows C I DR-B was removed from 35 days PP 

( ) n umber of animals 
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Ta ble 5 .3 Average number of ovarian follicles in classes 1 ,2 and 3 and 
total number of follicles during the period of CIDR-B insertion 
in treated cows and in the same period for contemporary 
control cows in late post-partum period ( PP) in anoestrous 
cows. 

Days Postpartum 

1 11 exam" 2nd exam" 
G roup 

Treatment 
(6 )  

C ontrol 
(4)  

a =  Days PP differ P <  0.05 
( ) number of animals 

Class 

1 
2 
3 
Total 

1 
2 
3 
Total 

50- 5 5b 

1 3 . 5  2 . 78 
2 .0 0 . 6  
2 .0 0. 1 

1 7 . 5  1 . 7 

1 6 . 7  3 .4  
2 . 7  0 . 2  
1 .0 0 . 1 

20.4 1 .  7 

b = In treated cows C IDR-B was inserted for 1 0  days from day 50-55 PP 

c = In treated cows C IDR-B was removed from day 60-65 PP 

60-65c 

1 9 . 6  2 . 0  
2 . 8  0 . 5  
1 .8 0 . 1  

24.2 1 . 3 

2 1 . 6  3 . 7  
3 . 0  1 . 5 
1 .8 0 . 1  

27 .4  2 .6  
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Ta ble 5 .4 

Group 

Treatment 
( 1 2) 

Treatment 
( 6 ) 

Control" 
(6 )  

C ontrol 
(4 )  

Average number of ovarian follicles per animal in  classes 1 ,  
2,  and 3 and total number of follicles during CIDR-B insertion 
in treated cows and in the same period for contemporary 
control cows in the early and late post-partum (PP) period in 
anoestrous cows. 

pp Class C IDR-B 
Fol l ic le I nsert ion 

Mean (SEM) 

Early 1 1 3 . 3  (0 . 6) 

2 1 . 2 (0 . 2) 

3 1 . 3 (0 . 3) 

Total 1 5 . 8  (0 . 6) 

Late 1 1 3 . 5  ( 2 .  7) 

2 2 . 0  (0 . 6) 

3 2 . 0  (0 . 1 )  

Total 1 7 . 5  ( 1 .9)  

Early 1 1 3 . 8  ( 1 . 1 )  

2 1 .3 (0.4) 

3 1 .0 (0 . 1 )  

Total 1 6 . 1  ( 1 .3) 

Late 1 1 6 . 7  (3 .4) 

2 2 .7 (0 .2) 

3 1 .0 (0. 1 )  

Total 20 .4  ( 1 .8 )  

( )  number of animals 

2 6 6  

Device 
Removal 

Mean (SEM)  

1 5 . 0  ( 1 . 2 )  

1 .  7b (0 . 3 )  

2 . 0  (0 . 5 )  

1 8 . 7e( 1 .0 )  

1 9 . 6  (2 .0 )  

2 .8  (0 . 5 )  

1 .8 (0. 1 )  

24.2 ( 1 . 3) 

1 5 . 8e( 1 .0 )  

2 .0 (0.4) 

1 . 2 (0. 2 )  

1 9 .0e( 1 .4 )  

2 1 .6 (3 .7 )  

3 .0  ( 1 . 5 )  

1 .8 (0. 1 )  

27 .4 (2 . 1 )  

a =  In control cows the 1 "'  exam" was at the day of CIDR insertion in treatment groups and the 2nc1 
at device removal 

b =  post-partum period differ P <  0.05 

C =  post-partum period differ P < 0.01  



Table 5.5 

Group 

Treatment 

Average number of class 1 ( < 6 mm),  class 2 (6 to 9 mm),  
and class 3 ( > 9 mm) of ovarian follicles and the average size 
of the largest normal and luteinized class 3 follicle at CIDR-B 
removal and one day later in anoestrous treated cows in the 
early post-partum period (Trial 1 ) .  

N° of Class C l D R - B 
Cows Foll icle Removal 

Mean 
(SEM)  

1 2  

1 1 5 .08 
( 1 .  2 )  

2 2 .0  
(0 . 3) 

3 1 . 2 
(0 .2 )  

Size LF  1 4 . 68 
( 1 . 1 ) 

Size N F  1 2 .4  
(0 .9 )  

a =  Days differ P <  0.01 
LF = luteinized class 3 follicle 

NF = Normal class 3 follicle 
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1 Day after 
Removal 
Mean 

(SEM) 

2 1 . 1  
( 1 . 1 )  

1 . 5 
(0. 2)  

1 . 8 
(0 .4)  

1 8 . 1  
(0 .7 )  

1 2 .0 
( 1 . 1 )  



Ta ble 5 .6 Average number of class 1 ( < 6 mm),  class 2 (6 to 9 mm) ,  
and class 3 ( > 9 mm)  of  ovarian follicles and the average size 
of the largest normal a nd luteinized class 3 follicle at CIDR-B 
removal and one day later in anoestrous treated cows 
displaying ( + )  or not (- )  oestrus after CIDR/PMSG treatment 
in the early post-partum period (Trial 1 ) .  
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Sub-group N° of Class C I DR-8 1 Day after 
Treatment Cows 

Oestrus + 3 

Oestrus - 9 

a =  Days differ P < 0.00 1 
b = Sub-groups differ P = 1 3  

LF = Luteinized class 3 follicle 

NF = Normal class 3 follicle 

Foll ic le 

1 

2 

3 

Size N F  

Size L F  

1 

2 

3 

Size N F  

Size LF 

Removal Removal 
Mean Mean 

(SEM) (SEM)  

1 5 .38 2 3 . 6  
(0 .8 )  ( 1 .4)  

1 . 6 1 . 2 
(0 . 6) (0. 1 )  

2 .0 2 . 0  
(0.4) (0 . 8 )  

1 1 . 1  1 0 . 6  
( 1  .0) (0 .6 )  

1 8 .5b 1 8 . 9  
(0 .7 )  (0 . 5 )  

1 5 . 1  1 6 . 9  
( 1  . 5 )  ( 1 . 2 )  

1 . 7 1 . 7 
(0.4) (0 .3 )  

2 .0 1 .8 
(0 .5) (0. 5) 

1 2.3 1 2 . 7  
( 1 . 1 ) ( 1 . 6 )  

1 5 .4 1 7 . 5  
(0.7)  ( 1 . 1 )  



Table 5 . 7  Average number of ovarian follicles i n  class 1 ( < 6 mm), class 
2 (6 to 9 mm),  and class 3 ( > 9 mm),  and the average size of 
the largest normal and luteinized class 3 follicle at and 1 day 
after CIDR-B removal in anoestrous treated cows which 
subsequent formed ( + )  or did not form (-) a corpus luteum 
(Cl) after CI DR/PMSG treatment in the early post-partum 
period (Trial 1 ) .  
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S ub-group N°  of Class C I DR-8 1 Day after 
Treatment Cows 

C L + 7 

C L - 5 

a =  Days differ P < 0.001 

b = Sug-groups differ P < 0. 1 0 

LF = Luteinized class 3 follicle 

NF = Normal class 3 follicle 

Fol l icle 

1 

2 

3 

Size NF 

Size LF 

1 

2 

3 

Size N F  

Size L F  

R emoval Removal 
Mean Mean 

( S EM) (SEM) 

1 4. 58 23 .4 
( 1 . 1 )  ( 1 .4) 

1 . 3 1 .0 
(0 .3) (0 .2 )  

1 . 6 2 . 3  
( 0 . 3) (0 . 7 )  

1 2 . 2  1 0 . 8  
( 1 . 1 ) (0 .4)  

1 8 .3b 1 8 . 8  
( 0 . 5) (0 .6 )  

1 6 . 2  1 8 . 6  
( 2 . 2) (0 .2 )  

2 . 2  2 . 2  
(0 .6 )  (0 .4)  

2 .0 1 . 3 
( 1 . 1 )  (0 .3 )  

1 4.4 1 3 . 3  
(0 .9 )  ( 2 . 2) 

' 1 4.8  1 7 . 2  
( 1 .4) ( 1 . 6 )  



Ta ble 5.8 Average of class 1 ( < 6 mm), class 2 (6 to 9 mm),  and class 
3 ( > 9 mm) of ovarian follicles and the average size of the 
largest normal and luteinized class 3 follicle at CI DR-B 
removal and 1 day later in anoestrous treated cows in the late 
post-partum period (Trial 2). 
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Group N° of Class C I DR-8 1 Day after 
Cows 

Treatment 6 

NF = Normal class 3 fol l ic la 

LF = Luteinized class 3 fol l ic le 

Foll icle 

1 

2 

3 

Size NF  

Size LF  

Removal Removal 
Mean Mean 

(SEM) (SEM)  

1 9 .6  20 .0  
(2 .0) ( 2 . 7 )  

2 . 8  3 . 6  
(0 .5 )  (0 .9 )  

1 .0 1 . 9 
(0 .9 )  (0 . 7 )  

1 0 .0 1 0 . 0  
( 1 .0) ( 1 . 1 )  

1 4 .0 1 3 . 8  
(0 .2) (0 . 5 )  



Ta ble 5 .9 

Sub-group 
Treatment 

Oestrus + 
C L + 

Oestrus -
C L -

Average number of class 1 ( < 6 m m ) ,  class 2 (6 to 9 mm),  
and class 3 ( > 9 mm),  and the average size of  the largest 
normal and luteinized class 3 follicle at CIDR-B removal and 
1 day later in anoestrous treated cows which displayed 
oestrus and formed a corpus luteum (CL) ( + )  or did not 
display oestrus and form a CL after CI DR/PMSG treatment in 
the late post-partum period (Trial 2 ) .  

N °  of Class C IDR-B 
Cows Fol l ic le Removal 

Mean 
CSEM) 

2 1 1 8 . 5  
( 2 . 5 )  

2 3 .0 
(0 .8 )  

3 1 .0 
(0 .7)  

Size NF 9 .0 
(0 . 7 )  

Size L F  1 4 . 5  
( 1 .0) 

4 20 . 2  
(2 .8 )  

2 2 .7  
(0. 7 )  

3 1 .0 
(0 . 5 )  

Size N F  1 1 .0 
(0 .9 )  

Size LF 1 3 . 7  
(0 .2 )  

N F  = Normal class 3 follicle 

LF = Luteinized class 3 follicle 

2 7 1  

1 Day after 
Removal 
Mean 

(SEM) 

1 9 . 5  
( 1 . 5 )  

3 . 0  
(0 . 9 )  

1 . 8 
( 0 . 8 )  

1 0 .0  
(0 . 6) 

1 3 . 5  
( 1 . 1 ) 

20 . 2  
(4 .2 )  

3 . 2  
( 1 . 2 )  

0 . 8  
(0 .3 )  

1 0 . 1  
(0 .6 )  

1 4. 0  
( 1 .4) 



Table 5.1 0  Average plasma progesterone concentrations (PPC; ng/mll at the time of CI DR-B insertion and removal in 
treated and In the same period for contemporary control in anoestrous cows in the early and late post-partum 
period (PP) . 

Early Post-Partum Period (Trial 1 )  

Group 

Treatment 

Control 

N u m b e r  o f  
Animals 

1 2  

6 

Day pp• 
Mean (SEM) 

0 .4 (0. 1 )  

< 0 . 1 

a .. In treated cows C IDR-8 was inserted on Day 25 PP for 1 0 days. 

b • In treated cows C IDR-8 was inserted on Day 50-55 PP for 1 0 days. 

Day PP 
Mean (SEM) 

4.5 ( 1 .3) 

0 .3  (0. 1 )  

Late Post-Partum Period (Trial 2) 

N u m b e r  o f  
Animals 

6 

4 

Day ppb 
Mean (SEM) 

0.3 (0. 1 )  

0 .4  (0. 1 )  

Days PP 
Mean (SEM) 

2 .4 (0 .9 )  

0.4 (0. 1 )  

N 
-.l 
N 
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1 .  I NTRODUCTI ON 

SSD-2 1 0DXI I  i s  d e s igned t o  be c ompac t ,  l igh t we igh t  and po r t ab l e . 

I t s  c ompac t n e s s  and por t a b i l i t y  fac il it a t e  c a r r y ing it to  

pa t ie n t ' s bed s id e ,  oper a t ing r ooms and for  ou t -o f -hosp i t a l  

v i s i t s .  

I t s  h ig h  p e r f o rmanc e w i l l  be pa r t icu l a r l y  e f f i c i e n t  f o r  a bdom ina l 

d ia gno s i s and o b s t e t r ic a l / g yn ec o l og ic a l  exam i n a t io n s . As S S D - 2 1 0 DX I I  

e�p l o y s  a s t a nd a r d  TV - s c an v id eo syst em wh i c h a l l ows  t he ima g e  

t o  be  r e c o r d e d  b y  a V TR . 

Al so S S D-2 1 0DX I I  i s  e qu i pp e d  w i t h u s e f u l fu n c t i o n s  s u ch a s  d i s t a n c e  

rr. ea su r ement  s y s t em ,  pa t i en t ' s  I D  c o d e  d i s p l a y  and image f r ee z ing 

s:: s t  em . 

T h u s  S S D- 2 1 0DX I I  w i l l  e x pand  t h e  f i e l d  o f a c t i v i t y  and e n ab l e  e a s y  

a c c e s s  t o  u l t ra sound d a t a . 

285  



2 .  CAUTI ONS 

2 8 6  

Opera t e  t he equ ipment on l y  a f t e r  becom ing suf f ic iently  fam i l i a r  w i t h  i t s  

hand l ing and operat ion . 

2 . 1 S SD - 2 1 0DX I I  i s  a me d i c a l  e qu i pme n t  and 1 s  t o  be ope r a t e d  b y  me d i c a l  

f ield  per sonnel only . 

2 . 2 Keep the equ ipment away f rom : 

( 1 )  Wa t er spla s h ing 

( 2 )  H igh hum id ity 

( 3 )  Bad v ent ilat ion 

( 4 )  D ir ec t  sunl ight 

( 5 )  Du s t  

( 6 ) S a l t y  or  Sulphu ra t e  a ir 

( 7 )  Chem ic a l  d rugs o r  g a s  

( 8 )  S t rong v ibrat ion o r  s ho c k  ( a l so dur ing t ranspor ta t ion)  

2 . 3 Before operat ing , c he c k  t ha t : 

( 1 )  The c apac i t y , f r equ enc y  and vo l t ag e  o f  t he power s ou r c e  a r e  

su i t ed t o  t he equ ipmen t . 

( 2 )  The equ ipment i s  norma l and opera t e s  saf el y . 

( 3 )  Ground ing is  comp l e t e .  

Al so , no t e  t ha t : 

(4 ) No i s e  on image may occur i f  t he equ ipment is opera t ed in a 

locat ion near a g enerator room , X-ray equ ipment , broadca s t ing 

s t a t ions or und ernea t h  power t ransm i s s ion l ines . 

( 5 )  Oper a t ing with o t he r  e qu ipmen t , may cause abnormal imag e .  



2 . 4  Dur ing operat ion 

( 1 )  Con t inuo u s l y  mon i t o r  t he e qu ipmen t  and t he pat ient . I f  t he 

e qu ipment ma l fun c t io n s , immed ia t e l y t u rn it o f f  and r emove 

i t s power cord f rom t he wa l l  r e c e p t a c l e  so t ha t  t h e  pa t ien t  

i s  pro t ec t ed . 

( 2 )  Do n o t  a l low pa t ien t to t ouch t he e qu i pmen t or other  e l ec t r ic a l  

i n s t rumen t s .  

( 3 )  Do n o t  seal  t he ven t i l a t ion ho l e s o f  t h e e qu ipment . 

2 . 5  Using p r o be 

( 1 )  A probe is f rag il e .  Do n o t  d r o p , v i bra t e ,  or bum p t h e probe 

o r  t h e  s y st em . 

( 2 )  The probe c an be  connec t e d  w i t h  o r  d i sconnec t ed f rom t he 

e qu i pm en t onl y wh i l e  the s y s t e m  powe r i s  o f f .  

Conf i rm tha t con n e c t o r  i s  f irm l y  c onn ec t ed .  

( 3 )  Do n o t  d ip the probe in a n y  l i qu id . 

( 4 )  Do n o t  hea t  t he prob e . 

( 5 )  D o  n o t  s t r o n g l y  bend or  pu l l  t h e  p r o b e  cabl e t o  avo id damage 

to t he c abl e .  

( 6) Use u l t r a soun d  g e l  for  c o u p l in g agen t . Other mat e r ia l s  such 

as o il may damage the probe and /o r  p robe cabl e .  

( 7 ) Ma ke t he probe c l ean by w i p ing ou t u l t ra sound gel on the  

probe a f t er each u sage . Use  n eu t r a l  c l eanser  or  a l c ohol 

for c lean ing . 

2 . 6  Af t er opera t ion 

( 1 )  Turn o f f  the power swi tc h .  

( 2 )  The power cord must  b e  d i sc onn ect ed by ho ld ing t he plug . 
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( 3 )  C l ean the  e qu i pm� n t  and t he probe . 

2 . 7  Mov ing t he e qu i pmen t  

( 1 )  D isconn e c t  the power cord and w ind i t  secure l y  around t he 

power c o rd w ind in g po s t s  on t he r e ar p an e l  o f  t h e  e qu i pmen t .  

( 2 )  Wea r t h e  wr i s t  s t r a p  o f  t he probe t o  a vo id d ropp ing t he 

probe . 

( 3 ) Do n o t  dro p ,  v i bra t e ,  or bump t he p r o b e  o r  t he s y s t em . 

Hand c a r r y  t he s y s t em wh il e t ra v e l ing by a i r c r a f t .  
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2 . 8 In case o f  improper  c o nd i t ion s o r  e qu i pm en t  ma l func t ion s ,  t u rn t he 

sys t em powe r  o f f  imme d ia t e l y  an d r emove  t he powe r cord f rom t he 

wa l l  r e c ep t a c l e .  Al wa ys  con t a c t  t h e s e rv ic e  p e r sonn e l . 

2 . 9  P e r io d ical l y  c he c k  the  e qu ipment  for  ma l f un c t ion s .  

2 . 1 0 Do n o t  d i sa s s emb l e t he e qu i pm en t  o r  t h e  p r o b e . 



3 .  S PECI FICATI ONS 

Scann ing met hod : 

D isp lay mod e :  

St andard p robe : 

( UST-5 02 0) 

D iagno st ic d ep t h : 

Disp lay r ang e : 

Frame ra t e : 

Acou s t ic s cann ing l ines : 
( per  frame ) 

Focu s ing met hod : 

Dynam ic rang e :  

Ga in : 

STC : 

Me asur ing func t ion 

Charact er d ispl a y :  

Gray shad es : 

D isplay mon itor : 

V id eo out put : 

E l ec t ro n ic l inear s c ann ing 

Rea l - t ime or froz en B-mod e 
( Du a l - fr ame imag ing i s  po s s ib l e ) 

S cann ing w id t h :  1 07 mm ,  

Fr equenc y : . 3 . 5  MHz 

Max imum 2 7 9  mm ( Va r ies wi t h  t i ssue 

a t t enuat ion) 

1 8 6  mm (norma l ) ,  2 7 9  mm ( long ) 

At l ong 

1 0  f r ame s / s e c 

2 0  f r ame s / s e c  ( f r ame ra te Up )  

A t  norma l 

1 5  f r ame s / s e c  

3 0  f r ame s / s e c  ( f r ame r at e Up )  

3 3 9 l ines ( at n o r ma l )  

2 2 6 l in e s  ( a t l on g )  
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Transm i s s ion/ recept ion e l e c t ronic focus ing 

and acou s t ic l ens 

50 dB ( f ixed) 

0 t o  1 00 d B , cont inuously var iabl e 

NEAR GAIN : -8 0 t o  -10 dB 

F AR  GAI N : 0 to 5 dB 

P u s h  key controlled , Two- channe l d i s t an ce 
measu r eme nt 
Numer ic s and symbol s  (M . F . )  for ID 

c od e  d isplay with maximum of 16 characters 

16 gray shad e s  

5 . 5 - inc h d iagonal 

* 
TV-scan method , 5 2 5  l ines/3 0  frame s  o r  

6 2 5  l ines/ 2 5  frames 



Power r equ irement : 

D imen s ion s : 

We ig ht s :  

Env ironment a l  cond it ion s  

in s t o r ag e : 

Env ir onmen t a l  cond ft ions 

in opera t ion : 

1 00/ 1 2 0 / 2 2 0/ 2 4 0 V 

50/60 Hz , a pprox . 6 0  VA 

Approx . 2 5  ( W )  x 2 0  (H) x 3 6 . 5  ( D) cm 

Approx . 8 Kg ( includ ing s t and a r d  p r ob e ) 

a .  Tem p er a t u r e :  - l 0 ° C  t o  + 6 0 ° C  

b .  Rel a t iv e  hum id ity : 3 0% to 9 5 %  

a .  Temper a t ur e :  +l 0°C  t o  +4 0 ° C  

b .  Rel a t iv e  hum id i t y : 3 0% t o  8 5 % 

* Ot her mon i t o r  t han t h e  spec if ied mod e l s by Aloka may b e  

adj u s t ed or mod i f i e d  t o  conn e c t  w i t h  t h i s  equ ipmen t .  

* *  The spec if ica t io n s  may b e  su bj ec t t o  c hange withou t not i c e  f o r  

improv em en t . 
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4 .  SY STEM CONF I GURAT I ON 

4 . 1  S t a nd a rd c omponen t s 

Ma i n  unit  U S I - 1 0 2 

Probe UST-5 0 2 0  

Ac c e s s o r i e s : 

G round i ng w i r e  NCC-085 0 

U l t ras ound g e l  

S p are f u s e  

Op e ra t i on man u a l  

G u i d e  book f o r  
Exami na t io n  

1 

1 

2 

1 

2 

29 1 

Quan t i t y 

1 

1 

1 s e t  



.:. . 2 Opt i o n s  

( l ) L i n e a r  Prob e s  

a .  U S T - 5 0 2 1 

b .  U ST - 5 8 9 - 5  

c .  U S T - 5 0 2 3 P  

d .  UST - 5 5 8 - 5  

e .  U ST - 5 8 1 0 1 - 5  

f .  U S T - 5 8 1 0T - 5  

g. .  U S  T - 5 5  I I T U - 7 . 5 

h .  U S T - 5 5  I 1 1- 7 . 5  

1 .  UST-6 5 8 - 5  

J • U S T - 5 8 1 3- 5  

k .  U S T - 5 0 34 

( 3 ) Pu n c t u r e a d a p t o r  

a .  MP- 2 3 8 9  

F o r  g e ne r a l ( w id e  v i ew- f i e l d  p r obe ) 

F o r  pe d i a t r i c s  a n d  s h a l l ow p a r t  

F o r  p un c t u r e  ne e d l e  

F o r  sma 1 1  p a r t  

F o r  i n t r a o p e r a t e ( I - shaped t ype ) 

F o r  i n t r ao p e r a t e ( T-s h aped t ype ) 

F o r  i n t r a op e r a t e ( T- s h aped t ype ) 

F o r  i n t r a o pe r a t e ( I - sh aped t ype ) 

F o r  p r o s t a t e  g l a n d ( t r a n s r e c t um )  

F o r  h o r s e s  a nd c ow s ( t r a n s r e c t um ) *  

F o r  h o r s e s  ( t ra n s r e c t um ) *  

* N o t  f o r  human 

F o r  s t a n d a r d  prob e  U S T - 5 0 2 0  

( 4 )  Ph o t o g r a ph i n g  e qu i pme n t  

a .  ACR- 7 5 1 0  P i s t o l  t ype p o l a r o i d  came r a 

b .  ACR- 5 0 1 0  Ph o t og r a p h i n g  h ood f o r  35mm SLR c ame r a  
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* *  C a me r a  b o d y  a n d  TXP mou n t  a r e  s e pa r a t e l y  
p r e p a r ed 

( 5 ) E x t e r n a l  mon i t or 

a .  I P- 0 9 0 2 -TV 

( 6 ) Mob i l e  c a r t  

a .  RMT- 2 1 0  

b .  RMT - 2 1 05 

( 7 ) V i de o  t ape r e c o rd e r 

9 - i n ch 

T a l l  mob i l e c a r t  w i t h  9- i n c h  mon i t o r  

Any V i d e o  t a pe r e c o r d e r  c a n  b e  c onne c t ed . 
* * *  S ome l ow qua l i t y  V T R s  p r ov i d e  poor r e c on s t ru c t e d  image s . 

( 8 )  RPmo t e  f r e e z e  sw i t ch 

a . MP- 2 3 4 5  F ou t s w i t �h f o r  f r e e z i n g  
b .  H and-gr ip r emo t e  s w i t ch f o r  f r e e z ing HP-2 3 9 7  



4 . 3 De s c r i p t i on o f  opt iona l p r obe s 

Many k i nd s  o f  opt i ona l p r o b e s  a re p r ov i d e d , wh ich w i d e n  t h e  f ie l d s  

o f  e xamina t i on , and a mo s t  s u i t ab l e  p r obe c a n  be  se l e c t ed f o r  the 

be s t  imag i ng .  �he probes can b e  e a s i l y  c onne c t e d  or d i s c onne c t e d . 

As t h e  s c a n n i n g  w i d t h  va r i e s  a c cord i n g  t o  the  p r obe , d i agnos t i c 

r a n g e  a l s o  d i f fe r s  d e pend i n g  o n  the p r ob e  c o n ne c t ed . 

( l )  W i d e  v i ew- f i e l d  pr obe U ST-502 1 

a .  F r e qu e ncy : 3 . 5  MH z 

b .  S c ann ing w i d t h : 1 2 5 mm 

c .  D i s p l a y  d i s t ance : 2 1 7  mm ( norma l )  
2 8 3  mm ( l ong ) 

d .  A p p l i c a t i on :  Abd omen , OB/GY 

e .  Cab l e  length : Approx . 1 . 4 m 

f .  We igh t : A p p r ox . 430 g 
( e x c l ud i n g  c a b l e  

a n d  c onne c t o t 
' 

( 2 )  Pe d i a t r i c  pr obe UST- 5 8 9 - 5  

a .  F r e quenc y : 5 MHz 

b .  S c a n n i n g  w i d t h : 56 mm 

c .  D i s p l ay d i s t ance : 98  mm ( norma l )  
14 7 mm ( l ong )  

d .  App l i c a t i on :  P e d i a t r ic s  
S h a l l ow p a r t  

e .  Cab l e  l engt h : A p p r ox . 1 . 4 m 

f .  We i gh t : A p p r ox . 1 7 0  g 
( e xc l ud in g  c ab l e  
a n d  c onne c t or ) 
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( 3 ) Pu n c t u r e  p r obe UST- 5 0 2 3 P  

a .  F r e q u e n c y : 3 . 5  M H z  

b .  Sc a n n i ng w i d t h : 1 0 7  mm 

c .  D i s p l ay d i s t a n c e : 1 86 mm ( n o r ma l )  
2 7 9  mm ( l o n g )  

d .  Ap p l i c a t i o n : P u n c t u r e n e e d l e  

e .  Cab l e  l e n g t h : A p p r ox . 1 . 4 m 

f .  We i gh t : A p p r ox . 4 5 0 g 
( e x c l u d i n g  cab l e  

a n d  c on n e c t o r ) 

( 4 ) Ca r o t i d  a r t e r y p r obe U ST - 5 5 8 - 5 

a .  F r e qu e n c y : 5 M H z  

b .  S c a n n i ng w i d t h : 34 mm 

c .  D i s p l ay  d i s t a n c e : 5 9  mm ( n o rma l )  
88 mm ( l ong ) 

d .  Ap p l i c a t ion : 

e .  Cab l e l e n g t h : 

f .  We i gh t : 

Ca r o t i d  a r t e ry 
Sma l l  pa r t  

A p p r o x . I . 4 m 

A p p r o x . 80 g 
( e xc l u d i n g  c ab l e  

a n d  c o n n e c t o r )  

( 5 ) I n t ra ope r a t e  p r obe UST- 5 8 1 0 1 - 5  
( ! - s h a pe d  t y pe ) 

a .  F r equenc y : 5 MH z 

b .  S c a n n i n g  w i d t h : 56  mm 

c .  D i s p l ay d i s t an c e : 9 8  mm ( n o rma l )  
1 4 7 mm ( l ong )  

d .  App l i c a t ion : I n t r aope r a t ive 

e .  Cab l e  l e ngth : A p p r o x . 2 m 

f .  We i gh t : A p p r o x . 7 0  g 

( e xc l u d i ng cab l e  
a n d  c o n nec t o r )  
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( 6 )  I n t r a o p e r a t e  p r obe U S T- 5 8 l OT - S  
( T- s h a pe d  t y pe ) 

a .  F r e q u e n c y : 5 MHz 

b .  S c a n n i n g w i d t h : 5 6  mm 

c .  D i s p l ay d i s t a n c e : 9 8  mm ( n o rma l )  
1 4  7 mm ( 1 o n g ) 

d .  A pp l i c a t i on : I n t r a o pe r a t i on 

e .  C a b l e  l e n g t h : Ap p r ox . 2 m 

f .  We i gh t : A p p r o x . 7 0  g 
( e x c l u d i n g  c a b l e  

a n d  c o n n e c t o r )  

( 7 )  T r a n s r e c t um p r obe U S T - 6 5 8 - 5 

a .  F r e q u e n c y : 5 MH z 

b . S c a n  n i n g w id  t h : 5 6  mm 

c .  D i s p l ay d i s t a n c e : 98  mm ( n o r ma l )  
1 4 7 mm ( l o n g )  

d .  A p p l i c a t i on :  P r o s t a t e  g l a nd 

e .  Cab l e  l e n g t h : Approx . 1 . 4 m 

f .  We i gh t : A pp r ox . 2 0 0  g 
( exc l ud i n g  c ab l e 

a n d  c on ne c t o r ) 

' � .-:-
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( 8 ) I n t r a o p e r a t e  p r obe U S T - S S I I TU- 7 . 5  
( T- s h a pe d  t y pe ) 

a .  F r e q u e n c y : 

b .  S c a nn ing  w i d t h : 

c .  D i s p l ay d i s t an c e : 

d .  Ap p l i c a t i on :  

e .  C a b l e  l e n g t h : 

f .  We i gh t : 

7 . 5  MH z 

34 mm 

59 mm ( n o rma l )  
8 8  mm ( l o n g )  

i n t r a o pe r a t i o n  

A p p rox . 2 m 

A p p r ox . 2 0  g 
( e xc l ud i n g  c a b l e  

a n d  c o nn e c t o r ) 
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4 . 4 D e s c r i p t ion o f  mob i l e·  c a r t  

( 1 )  RMT- 2 1 0  

RMT- 2 1 0  1 s  t h e  mob i l e  c a r t  for u s ing 

S SD- 2 1 0DXI I  w i t h  t h e  o pe r a t o r  s i t t ing . 

RMT- 2 1 0  c a n  moun t  p i s t o l  t y p e  po l a r o i d  

c ame ra ACR- 7 5 1 0  or ph o t og r a ph ing hood 

for 35 mm SLR c ame r a  A C R- 5 0 1 0  t oge t h e r  

w i t h V i deo T a pe Re o c o r d e r . *  

* The s i z e  o f  t h e  V T R  wh i ch c a n  be 

moun t e d  o n  t h e  RMT - 2 1 0  1s  sma l l e r  

t h an 2 8  c m  ( W )  X 3 0  c m  ( D )  X 1 8 c m  ( H ) . 

( 2 ) RI-IT- 2 1 0 S 

RMT- 2 1 0S 1 s  t a l l  mob i l e c a r t w i t h 

9 - inch mon i t o r  for u s i ng SSD- 2 1 0DXI I  

w i t h the ope ra t o r  s t a n d i ng . 

A l s o  RMT- 2 1 0S i s  s u i t ab l e  f o r  

i n t raope r a t i o n a l  u s e . 

RMT-2 1 0S can mou n t  p o l a r o id phot ograph ing  

u n i t  SSZ- 1 08 - P  � r  pho t og ra p h ing un i t  for  

3 5  mm SLR c ame r a  S S Z - 1 0 8 - 3 5  and V ideo 

T a pe Record e r . ** 

* *  The s i ze o f  VTR wh i c h  c a n  be mou n t ed 

on the RMT - 2 1 0S i s  sma l l e r  than 35 cm 

( W )  X 35 cm ( D )  X 1 6  cm ( H ) . 

* *  RMT-2 10S r e qu i r e s  t o  be  conne c t ed t o  

A C  powe r ou t l e t  f o r  9 - i nch mon i t or . ·  
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s . l Name of each po r t ion 

ToP cov er 
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lil � 
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+ 
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¥ 
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5 . 2 F ront panel ( Open page 5 - 6  for the 

p i c t ure o f  the panel . )  
I 

( 1 )  Ten -key ( 0 - 9 )  

D i splays numera l s  on the mon i tor 

s c reen . 

( 2 )  Symbol key (M , F )  

D i s p l ays M ( for mal e )  and F ( fo r  

fema l e ) o n  the  mon i tor s c reen . 

( 3 )  C l ear key 

C :  Erases a l l  the  charac ters in 

the ID area . 

AC : Era s e s  a l l  t h e  characters i n  

t h e  I D  a r ea a n d  the  d a t e  area . 

( 4 )  C a l i per mark s e l e c t o r  

MR : Change s  ca l iper m a r k  which 

moves by the  CALI PER contro l . 

MR means "Mark R e ference " . 

+ :  Displays + c a l iper mark for 

d istance mea s u rement .  

x :  Display s  x c a l i p e r  mark for 

d i s t a n c e  measurement . 
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( 5 )  C A L I P E R  c on t r o l  

Moves the  ca l i p e r  ma rk i n  t h e  

d i re c t ion o f  t h e  a r row . 

When ad jacen t two a r row k eys a re 

pressed toge t h e r , t h e  cal iper  mark 

moves at an a n g l e  b e tw e e n  the two 

arrows ( d iagona l ly ) . 

F :  When the  F key and  one  or two 

arrow k eys are p r e s s ed toge t h e r , 

the ca l i per mark moves fa s t e � . 

( 6 )  FREEZE sw i t ch 

Freezes  the d i s p layed i mage . 

Pre s s i ng t h i s  s w i tch on fre e z e s  

t h e  image on the  mon i to r  screen 

instant l y . 

( 7 )  Image forma t s e l ec t o r  

Sel ec ts s i ng l e - or d ua l - frame 

d isplay . 

SINGLE : 

L :  

R :  

D is p l ays s ing l e frame 

image . 

D i s pl ay s  rea l - t ime image 

in t he l e ft frame in 

dua l - frame d is p lay . 

D i s p l ays rea l - t ime image 

in t he right frame in 

dua l - frame d i s p lay . 
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( 8 )  D I ST ( D i s t a n c e ) sw i t c h  

To change the d i agno s t i c  d i s ta n c e . 

P ress ing t h i s  swi tch to ON ( � ) 
make the d iagnos t i c  d i s tance l ong . 

NORMAL 

Tab l e .  S- 1 Diagno st ic ran g e  

S c ann ing 
D iagn o s t ic 

Probe 
W id t h  

Normal 

US T-55 8-5 34 5 9  

US T-5 8 9-5 

US T- 658-5 
5 6  98 

UST-5 0 1 01/T-5 
UST-55 1 1 T/TU / 1  

- 7 . 5  
US T-5 02 0 

1 07 1 8 6  
UST-5 023P 

UST-502 1 1 2 5  2 1 7  

OFF 

Fig . S -7 

( un it in mm) 

Range 

Long 

88 

14 7 

2 7 9  

283 

* This func t ion does not work in t h e  FREEZE mode . 

** UST-5020 i s  a standard compon en t . 

Other probes are opt ions . 
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( 9 )  F R  RATE ( F rame· R a t e )  sw i t ch 

To s e l e c t  frame rate . 

Pres s i ng t h i s  sw i t ch on increases 

t he frame ra t e . 

Ta b l e  5 - 2  Frame Ra t e  

D I ST 
FR RATE S wi t c h  

P r o be 
S w i t c h  

OFF ON 

OFF 1 5  3 0  
UST-558-5 

ON 1 5  3 0  

UST-58 9-5 

US T- 658-5 
OFF 15 3 0  

UST-5 0 1 0 1 /T-5 
ON 15  30  UST- 5 5 1 1 I / T  I 

TU-7 . 5  

UST-5 02 0 O F F  1 5  3 0  

UST-5 02 3P ON 1 0  2 0 

OFF 12 2 4  
UST-5 02 1 

ON 10 2 0  

( f rame s / second)  

( 1 0 )  NEAR ga i n  con t rol  

To compensate for sens i t i v i ty i n  

the  area near to t h e  body surface .  

S l i d ing the knob to the right 

increases s ens i t i v i ty in the area 

near to the s k i n  l i ne and the 

d isplayed echos wi l l  become bright .  
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( 1 1 ) F A R  ga i n c on t ro l  

T o  c o mp e n s a t e fo r s e � s i t i v i ty i n  

t he a r e a  far from t � e  b o d y  s ur fac e . 

S l i d i ng t h i s  k � o b  to t h e  r i g h t  

i n c r e a s e s  s e � s i t i v i ty i n  t h e  d e e p e r  

r e g i o n s  a n d  t h ey w i l l  b e  d i s p l ay e d  

mo r e  b r igh t ly . 

( 1 2 )  G A I N  k n o b  

I n c r e a s e s  o r  d e c r e a s e s  sy s t em 

s e n s i t i v i t y . 

T u r n i ng t h i s  k n o b  c l o c k�i s e  

d i s � l ay s w ho l e  e c hos m o r e  b r igh t l y . 

( 1 3 )  P i l o t lamp 

L ig h t s  up in gr e en when power i s  

tu rned on . 

( 1 4 )  Mo n i t o r  s c r e e n  

D i s p l ays a c r o s s - s e c t i o r. a l  imag e . 
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5 . 3 Lef t s ide panel 

( 1 )  CONT control 

To adj u s t  the c o n t r a s t  of images on 

the mon it o r  s c r een . 

Ra i sing the c ont r a s t  prov id es an 

imag e wit h s ha r p l y  d e f ined l ight 

and sha d es , bu t wea k e c hc s t end to 

be lost . 

Lower ing the cont r a s t  prov id es a ha z y  

imag e bu t enabl e s  t he d isplay o f  a l l  

echos rang ing f r om wea k t o  s t rong . 

( 2 )  BRIGHT contr o l  

T o  adj u st br ightn e s s  o f  imag es o n  t he 

monitor scr een . 

( NOTE )  The CONT and B R I GHT c o n t r ol s 

have been ad j u s t e d  a t  the fac t o ry . 

Adj u s tment is no t r equ ired in g ener a l  

use . 

A sma l l  screwdr iver is  r e qu ired for 

t he adj u stment . 

3 0 4  
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5 . 4  To p panel 

(1)  POWER swit c h  

T o  actua t e  t he power o f  t h e  equ ipment . 

Leave it o f f  when the equ ipment is  n o t  

in u s e .  

( 2 )  Groove for gel bo t t l e .  

F i g . 5 - 1 2  TOP V I EW 

3 0 1  
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5 . 5  Rea r panel 

( 1 )  V id eo inpu t connec tor 

To receive the play bac k v id eo 

s ignal f rom a VTR . 

P laybac k imag e will au t oma t ically be 

d isplayed on t he scr een when t he 

connec t ed VTR is in t he playback 

mod e .  

( 2 )  V id eo ou t pu t  connec t o r  

T o  d el iver t he vid eo s igna l t o  a 

v id eo tape record er or  ext ernal 

mon itor . 

( 3 )  GROUND connec tor 

To ground the equ ipment c ha s s is . 

When two-l ine power cord is used , or 

ground ed wall ou t l e t  i s  no t ava ilabl e ,  

g round the t erm inal by the ground ing wir e . 

( 4 )  Power c ord wind ing po s t  

W ind t he power cord a round the po s t s  

pr ior t o  carrying t h e  e qu ipment . 

(5 )  Fu se hold er 

Power l ine fuses a r e  conta ined . 

No t e :  Fu ses are t o  b e  replaced by 

serv ic e per sonne l s  only . 
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5 . 6  Ri ght s id e pane l 

axws••- eoa;; __ probe holde r 

ffl l l l  

F i g . 5- 1 � ( \ ) connector for probe 

( 1 ) c onne c tor ror pr obe \ 
R e fer to 6 . 1 p r obe c onne ct ion . 

( 2 ) REMOTE F REEZE sw it ch 

c onnec to c foe ce mot e r c ee ze s� i tch ( opt ion) · 



5 . 7  P robe 

The prob e  is  t o  contac t t he pat ien t ' s  

s k in for t ransm i t t ing and rec e iv ing 

o f  u l t r a son ic beam s . 

The probe i s  f ra g i l e . 

Do not d rop , v ibra t e , o r  bump 

t he probe .  

Probe cabl e 
/ 

Fig . 5 - 1 5  

CAUTI ON : Turn t he sy s t em power o f f  

before connec t ing o r  d i s­

c onnec t ing t he pro be . 

3 1 0  
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6 . OPERATING PROCEDURE 

(WARN IN G) En sur e tha t  t he sy s t em is 

cor r ec t ly and secur ely 

gr ounded be f or e o p er a t ing . 

6 . 1 Pro be conn ect ion 

Hand le the probe w i th c ar e . Do no t dro p , 

v ibr a t e , or bump the pr ob e . 

Tur n the sys t em power o f f b ef or e 

conn ec t in g o r d i sconn ec t ing the 

pr o be . 

( 1) Turn the lock l ev er o f pr obe 

connector coun t er c lo ckwi se . 

l2 ) Plug the connec t o r in to the 

r ec epta cl e compl e t ely . 

P ROBE 

P ROBE 

C ABLE 
CONNECTOR 

�LO CK 

F ig . 6-1 

' ' . . ·- � -.:. - - . 

F i g .  6-2 

3 1 1 
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( 3 ) Turn t he l o c k  l ever c lo c kw i s e  

b y  hand a s  f a r  a s  i t  w i l l  g o . 

( 4 )  Conf i rm t ha t  probe c onnec t o r  does  

n o t  c ome o f f . 

6 . 2 Power-on procedure 

( 1) Ensure t ha t  the sys t em power 

swit ch is t u rned o f f . 

( 2 )  Ccnnec t t he oys t em powe r c o r d  

t o  a su i t a b l e  wa l l  recepta c l e . 

( 3 ) Turn t he s y s t em power swit ch on . 

The power l amp w i l l  i l lum ina t e  

(g r een ) . 

( 4 )  Af t e r  a bo u t )0 second s d e lay , t he 

mon ito r will d is p l ay an ima g e . 

3 1 2  



6 . 3  In i t ia l  se t t ing 

6 . 4 

( 1 )  Remove the pro t ec t ive c ov er f rom 

t he conta c t  su rface of t he probe , 

a t  the in it ia l  use . 

( 2 )  S e t  ind iv idual knobs on t he front  

panel  as f o l lows : 

NEAR 5 

FAR ( d B /cm) 2 . 5  

GAIN 5 to 6 

FR RATE OFF I I 
DIST OFF I I 
D I S PLAY S INGLE : ON 

S t andard ope rat i o n  

( 1 )  Ap p l y  u l t r a sound gel o n  the 

exam ina t ion area of the 

pa t ient . Place  the probe on 

t he exam ina t ion area . 

A c r o s s-sec t io na l imag e  will  

be  d i splayed on the mon i t o r  

s c r een . 

= 

The po s it iona l re lat ion sh ip be tween 

t he fron t ma r k  on the probe and the 

mon itor image is as  shown in F i g .  6 - 5 .  

( 2 )  Observe t he ima g e  on mon ito r and 

adj u s t  the NEAR , FAR , and GAIN 

con tro l s  to obta in an o p t imum 

c ro s s- sec t ion a l  image . 

3 1 3  

F ig . 6-4 

FRONT MARK 

F i g .  6-5 



( 3 )  To ge t c l ear image o f  an interested 

region , try to change pa t i en t ' s  

pos t u re and cond i t io n  o f  breath . 

( 4 )  When a d e s i red image is obta ined , 

hold t he probe i n  p o s i t i on and 

press the FREE Z E  s w i tch to freeze 

the i mage . 

NOTE : I f  the fre e z e  s w i t c h  i s  pressed 

whi l e  mo ving t h e  p robe , a c l ea r  

image may n o t  b e  o b ta ined . 

( 5 )  Press ing DIST s w i ch , fa r fi e l d  o f  

body can be o b s e r v e d . 

To observe mov i ng t i ssue such as 

fetal heart , p r e s s  FR RATE switch . 

F rame rate w i l l  b e  increased . 

For dua l - frame i ma g i ng and image 

s t orage , see n e x t  page and onward . 

( 6 ) You may now mea s u re the d i s t ance o f  

the a rea o f  c on c e rn o r  take a 

p i c t u re of  the image . 

( Re fe r  to c ha p t e r  7 or 9 ,  for each 

ope rat ion ) .  

( 7 )  After each usage , w i pe o ff the 

u l trasound g e l  a nd put the probe in 

the probe hol d e r .  

NOTE : The probe b e c omes warm during 

opera t i on . Th i s  is norma l and i s  

no t a ma l fu n c t i ons . 
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6 . 5  Dua l - frame imag ing 

( 1 )  Press the D T ST sw i t c h  t o  ON ( � ) . 

An l ong-range image w i l l  be 

d i spl ayed . 

( 2 )  Press the L o r  R swi t c h  o f  the 

D I S PLAY s e l e c tor . 

When t he L s w i t c h  i s  p re s s ed d own , 

l e ft image i s  rea l - t ime and righ t 

image is frozen . 

When the R switch  i s  pressed down , 

r ig h t  image is rea l - t ime a n d  l e ft 

image i s  frozen . 

( 3 )  To restore s ingl e - frame mode , pre s s  

t he SINGLE swi t ch . 

�OTE : The dua l - frame mod e func t i ons 

only when the D I ST swi tc h  is in 

ON pos i t ion < �  ) .  

When the FREEZE swi t c h  i s  ON , 

both  o f  the images wi l l  freeze . 

When the FREEZE swi t ch i s  OFF , an  

image w i t h  , ma rk on it  is 

real - t ime and the a n o t h e r  one i s  

fro zen . 

3 1 �  
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6 . 6  Image s torage 

When the D I ST s w i t c h  i s  i n  OFF pos i t i on 

( ..c:J... ) , images can be  s tored in 

d i f feren t two memo r i e s . 

The L and R s w i t c h e s  s e l e c t  the memory 

i n  w h i c h  t he image i s  s tored . 

( 1 )  Turn the D I ST swi tch  t o  OFF ( .c:J.. ) .  

( 2 )  Press the L s w i tch to ON < � > .  

( 3 )  D i sp l ay a n  image . 

( 4 )  Press the  F R EEZE sw i t ch  to ON 

( l i t ) . 

( 5 )  Press the R s w i tch  to ON ( � ) . 

The i mage i s  s tored in the " L "  
memory . 

( 6 )  Press the  FREEZE sw i t ch to OFF 

( un l i t ) . 

A rea l - t ime image will be d i s p layed 

i n s t ead of the former image . 

D i s p l ay a n  image . 

( 6 )  Press the F R EEZE sw i t c h  to ON 

( l i t ) . 

The image is s tored in the " R "  
memory . 

( 7 )  Press ing the L swi tch d i splays the 

image s tored in the " L "  memory . 

Press ing the R switch d i splays the 

image s tored in the "R"  memory . 

3 U  



NOTE : Do not t u rn o f f  t h e  FREEZE 

s w i t c h  when changi ng the L 

and R swi t ch , or t h e  image 

wi l l  be  e ra s ed from the 

memory . 

( 8 )  To res tore a rea l - t ime image , t u rn 

o f f  the freeze sw i t ch . 

NOTE : The image-s t o rage func t i on works 

only when the D I ST swi t c h  is in 

OFF pos i t ion ( .r::::::U . 
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7 .  CALI PER OPERATION 

( 1 )  Press the + key o f  the Cal i pe r  

Mark Selector . 

Then a + mark w i l l  a ppear  a t  the 

center o f  the mon i to r  s c reen and 

the ca l i per read - o u t  of CAL+ ; 00 . 0  

CM , a ppears at  t h e  b o t t om o f  the 

screen . 

( 2 )  Opera t e  the CALI PER c o n t rol to 

pos i t i on the + mark at t he s tart ing 

point o f  the measuremen t .  

The + mark w i l l  move i n  the 

d i rection of  the a rrow k ey pressed . 

To move i t  d i agona l l y , p ress two 

arrow keys toge ther . 

To move i t  fas t , press t he F key 

and arrow key ( s )  toge the r . 

( 3 )  P ress the MR key momen tarily . 

( 4 )  Press an a rrow key . A sma l l  

c l a i pe r  mark rema i n s  a t  the poi n t  

and a large ca l i per ma rk w i l l  move 

by arrow keys . 

The ca l i per read o u t  s t a r t s  to 

i nd i ca te the d i stance be tween the 

sma l l  and large ma rks . 

+ 

CAL+ ;  00 . OCM 
F i g . 7- 1 

+ 

CAL+ i 00 • 001 

Fig . 7-2 

•. 

+ 

CAL+ ; 07 . 5CM  

F ig . 7-3  
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( 5 )  Pos i t ion t he l a rge mark a t  the 

point end i ng the mea suremen t .  

T h e  d i s t a n c e  is d i s p l ayed a t  the 

right of CAL+ ; in  cm a t  the  bot tom 

of the monitor s c reen . 

( 6 )  Tou c h  t he MR  key once changes the 

ma rk wh i ch moves by the a r row key 

f r o m  l a rge t o  sma l l  o r  sma l l  t o  

l a rge . 

( 7 )  P r e s s ing t h e  x k e y  d i s p l a y s  x 

c a l i p e r  mark , and t h e  d i s t a n c e  

m e a s u r e m e n t  i s  poss i b l e  in  the  same 

ma n n e r  a s  the + mark . 

The d i s ta n c e  meas ured i s  d i sp l ayed 

at the right o f  CALx ; . 

( 8 )  To erase the + mark and t he 

res u l t  of  the measurement , press 

the  + switch once . 

To eras e the x ma rk and t he 

rea u l t  o f  the mea s uremen t ,  press 

the x swi tch once . 

•. 

CAL+ ; 09 . 201 

F ig .  7 - 4 
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8 .  I D  Cod e d isplay 

8 . 1  I n t roduc t ion 

S SD - 2 J ODXI I  can d i s p l ay the d a t e  of examina­

t i on , ident i f i cat ion numb e r , sex , and a g e o f  

pat ient o n  the bo t t om o f  t he mon i tor  

s c r e en . 

Key in t he da t e  f ir s t . 

8 . 2 Da t e in pu t 

( l )  When power i s  tur ned o n ,  a c u r so r  

ap pear s a t  t he lower l e f t  o f  the 

mon itor  s c r e en . 

( 2 ) Key in t h e  d a t e  by t wo d ig it s  each 

f o r  day , mon t h ,  and year  f r om t he t en-

key . 

When day o r  mon t h  i s  o n e  d ig it ( f rom 

1 to  9) , pu t a z er o  i n  f r ont of it  for a 

t wo -d ig it  ind ica t io n . 

A p er iod i s  automa t ic a l l y  d i s played 

ev ery two d ig i t s .  

When t he d a t e  inpu t i s  c omp l e t ed , a 

c o lon is d isplayed au toma t ic a l l y . 

( 3 ) When correc t ing the d a t e ,  p r e s s  t he 

AC key and r e-ent er t he d a t e . 

3 2 0  
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8 . 3  I D  Co d e  inpu t 

( 1 )  Key in t he pat ien t numb e r , s ex , and 

age f rom the ten-key ( wi t h in n in e  

l e t t er s ) . 

( 2 )  To c hange or  correct  the pa t ient 

in forma t ion , pr e s s  t he [fJ key and 

r e-en ter t he I D . 

P r es s in g  t he [ C l key does  no t e ra se 

d a t e  in d ic a t ion . 

8 . 4 Co r r e c t ion 

( 1 )  The � key c l ears a l l  the d i s p l a y  

o f  da t e ,  pa t ient number , sex , a nd 

age . 

( 2 )  The � key c l ear s t he pa t ient 

informa t ion onl y .  

3 2 1  
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9 .  P I S TOL TYP E  P OLAROI D CAMERA ( OP TION) 

The o p t iona l  ACR-7 5 1 0  p i s t o l  t ype Polaro id 

c amera enab l e s  the record ing o f  data  on 

P o l aro id f ilms . 

* Po l a r o id i s  the reg i s t ered t rademark 

of the Po laro id Corpora t ion . 

9 . 1  P ho t ographing cond i t ion s  

The c ond it ion s a r e  a dj u s t ed a t  the 

f a c tory  for t ype 6 1 1  land f ilm . 

When r eadj ustmen t i s  requ i r ed , 

f o l low t h e  pro c edur e s  below : 

( 1 )  S e t  the camera s to p  a t  F5 . 6  and 

s hu t t er s p eed a t  1/8  ( for type 

611 l and f ilm) . 

When u s in g  type 667 o r  1 07 l and 

f ilm , s e t  c amera s t o p  at Fl6 and 

shu t t er s peed at 1/8 . 

( 2 )  S e t  t he CONT c o n t ro l , on  the lef t 

s id e  pan e l , to  i t s  c en ter po s i t ion . 

( 3 )  Adj u s t  t h e  BRIGHT c o n t r o l , on t he 

l e f t  s id e  pane l , so t ha t  the darke s t  

po r t ion o f  t he c r o s s - s e c t iona l  imag e  

o r  t he gray-sc a l e  bar c an be sl ight l y  

recor d ed o n  t h e  f ilm . 
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( 4 )  Adj u s t  t he CONT contro l ,  o n  t he l ef t  s id e  

pan el , so t hat  t he gra y - s c a l e  bar can be 

recorded on the f ilm w i t h  no saturat ion 

o f  in t ens i t y . 

( NOTE )  You may need sev era l t r ia l s to obta in 

t he correc t se t t ing . 

The imag e  con t r a s t  and br ightn e s s  for 

pho togra phy is d if f e r e n t  f rom t he 

se t t ing t ha t  is b e s t  f o r  t he eye . 

9 . 2  F ilm load ing 

( 1 )  Open t he po laro id camera door . 

( 2 )  B e f o r e load ing a f ilm , i n s p e c t  the 

d ev el o p er ro l l er s  in s id e  t he c amera 

d o o r , to be sure t hey a r e  c l ean . 

Remove a l l  glue o r  p iec e s  o f  

paper . 

( 3 ) Hold  t he f ilm pac k  by i t s  e d g e s  onl y .  

I f  t he c en t er of the pac k i s  p ressed , 

t he f i lm can be damag ed . 

( 4 ) S l id e  t he pack a t  an angl e  in t o  

t he camera bac k and p u s h  it  d own 

f la t  so tha t  it  snaps in t o  p l a c e .  

Be sure t he wh i t e  tabs a r e  no t 

caught between t he pac k  a n d  t he 

c am era . 

3 2 3  
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( 5 ) C l o s e and l a t c h  the camera 

doo r .  

( 6 ) Pu l l  the black sa f e t y  cover 

a l l  the way out  o f  t he camera . 

9 . 3  Make t he expo sure 

( l)  D i s p l a y  t he c ro s s - s e c t ion a l  

imag e  on t he mon itor  s c r een . 

( 2 )  F r e e z e  the c r o s s - sec t ion a l  imag 

w i t h  t he FREEZE swi t c h .  

( 3 ) S e t  t he cam er a hood  o n  t he 

mon i tor and pu sh t he shu t t er 

r e l ea s e  bu t ton on t he c amera . 

9 . 4  P ro c e s s  the p ic ture 

( 1 )  Gr ip t he c ent er o f  t he whi t e  tab 

and pu l l  it a l l  t he way o u t  o f  t he 

c amer a . A yel low tab w i l l  a p pea r . 

(NOTE) If no yellow tab app ea r s ,  do no t 

pu l l  ano t her wh i t e  tab ( S ee 

sec t ion 9 .  7 )  . 
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( 2 )  W i t ho u t  d ela y , g r ip t he c en t er of 

t he yel low t a b  and pu l l  i t  s t r a ight , 

a t  mod erat e speed , w i t h  a smo o t h  

u n in t errupted mo t io n , a l l  the way 

ou t .  Beg in t im ing immed ia t ely . 

9 . 5  P roces s ing t ime and t empera t u r e  

The t empera t u r e  o f  t he f ilm d u r ing 

proc e s s ing is impor tant . Proc e s s  

p ic t u r es for t h e  t im e  shown in 

F ig .  9- 9 ,  bu t no t longer . Ov er ­

p roc e s s ing ma y r e su l t  in a l o s s  o f  

informa t io n  in t he dark a r ea s  o f  t h e  

p r int . I n  add it io n , ex t end ed proc e s s ing 

( over 3 m in . )  may d amage t he p r int  surfac e .  

A p ic tu r e  pro c e s s ed for too s ho r t  a t ime 

w il l  have d u l l  gra y s , mo t t l e , and l it t le  

c o n t ra s t . 

9 . 6  S epara t ing p r int f rom n ega t iv e  

( 1 )  Af t er t h e  recommend ed d ev e lo pment 

t ime , qu ickly sepa r a t e  t he pr int 

f rom t he nega t iv e . S t a r t  at  t he 

end nea r es t  t he yel low t a b . 

( WARNING )  Avo id contact  w i t h  t he 

d ev eloper chem ica l s .  

( 2 )  Fold t he nega t iv e ,  mo i s t  s id e  in , 

and d ispose o f  it proper l y . 

( NOTE)  In  low hum id i t y , p r in t s may curl . 

Do no t a t t empt to  s t ra ighten t hem 

by bend ing . Inst ead , plac e t hem in 

an area of higher r el a t ive hum id i t y  

( a bo u t  4 5  percen t ) , un t i l they a r e  

f la t . 

T 1 m e  1 e m p .  
( s ec . )  (F )  

30 75  + 

4 5  70 
6 0  6 5  
7 5  60 
90 50 
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9 . 7  Remov a l  o f  j ammed f ilm 

I f  t h e  y e l low tab does  not a pp e a r  a f t er 

the wh i t e  tab is pul l ou t ,  t h e  f ilm is 

j ammed in the camera . 

Remov e the j ammed f ilm accord ing t o  

the p r o c edures below : 

( 1 )  Open the camera door b u t  d o  no t pu l l  

o u t  the f ilm pac k out . 

( 2 )  Remove the j ammed f ilm . 

( 3 ) Check t he d eveloper ro l l er in s id e 

t h e  cam era door and remove any paper 

or exc e s s iv e  g lue . 

( 4 )  S e t  t h e  whi t e  tab o f  the next f ilm .  

( 5) C l o se and latch  the camera d o o r . 

The f ilm i s  ready f o r  t he next  exp o sur e .  

3 2 6  



1 0 .  PHOTOGRAPH I NG HOOD ( OPTION ) 

P ho t o g r a p h ing hood ACR-5 0 1 0  w i t h  3 5  mm 

SLR c amera enabl es r ec o rd ing d a t a  on 3 5  mm 

f ilm s .  

* 3 5  mm SLR camera bod y  a nd T XP mou n t  

a r e  n o t  inc lud ed i n  t he c omponen t s  o f  

ACR- 5 01 0 .  P r epa r e  t hem s epara t e l y . 

1 0 . 1  F il m  

We r ecomm end to  u s e  4 0 0 A S A  f ilm . 

I n  t he c a s e  o f  u s ing 100  AS A f i lm ,  pay 

s pe c ia l  a t t ent ion to  focus  ad j u s tment . 

1 0 . 2  Camera s et t ing 

S e t  t he camera s t o p  a t  F8 and shu t t er 

speed a t  1 / 8  ( f o r  4 00 ASA f ilm) . 

I n  t he c a se t ha t  1 0 0  ASA f ilm i s  u sed , 

s e t  c amera stop a t  F 5 . 6  and shu t t e r  

speed a t  1 / 8 . 

1 0 . 3  Ma ke the exposu re 

( 1 )  Hav e t he c r o s s -s ec t iona l ima g e  for 

pho t o g ra phy d is p l a y ed on t he mon itor  

s c reen . 

( 2 )  Ho ld t he c ro s s-sect ion a l  ima g e  

f ro z en wit h t h e  FREEZE swi t c h . 

( 3 )  S e t  t he camera hood on t he mon i tor . 

a nd pu sh t he shu t t er r e l ea s e  bu t t on 

on t he camera . 

3 2 7  
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I I • CARRY I NG THE EQUI PMENT 

When carry i ng the Echo  C a mera mod e l  SSD-

2 1 0DXII , note the fo l l ow i ng : 

( a )  Wind the pow e r  c o rd a ro und the 

wind i ng posts on the rear  pane l . 

F ig . I 1 - I 

( b )  Wind the probe c a b l e  a round the 

carry i ng hand l e . 

( c )  A g e l  bott l e  may be  p la ced in  the 

groove in t he top of t h e  system . 

End ure that the bot t l e  top  i s  

suffi c i ently tight ened t o  p revent 

l eakage of g e l . 

3 2 8  



( d ) We a r  t h e  wri s t s t rap o f t he p ro b e a n d  g r ip t he h a nd l e .  ( S e e Fi g . 1 1 -2 a n d 1 1 -3 . ) 

3 2 9 

( e ) Do n o t  d rop , vi b ra t e ,  or b unp t h e  p ro b e o r  t h e sys t em . 
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12 . C ONNECT I ONS OF V I DEO TAPE RECORDER ( op t ion)  

l I ! 

Any v �deo t ape r ecorder may be connec ted to t he e qu ipmen t .  

The conn e c t ion s is a s  shown below : 

l l  ___ ) 
! 
I 

V id eo Ta pe Record er 

V I DEO IN 

( Coax ial  cable) 

F ig . 1 2 -1 

A p layba c k  imag e  w i l l  au toma t ic a l l y  be  d isplayed when a conn ec t ed 

v id eo t a p e  recorder i s  in t he p laybac k mod e . 

N OTE : Pr epare two coax ia l  cab l e s : 

On e end of each cable should have a BNC connec t o r  ( f or t he 

s y s t em) and the o t her end o f  each c a b l e  d epend s o n  the VTR 

t o  b e  connec t ed . 

V IDEO OUT 
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Sma l l  VTR can be  mou n t ed o n  t he mo b i l  � a r t  ( o pt ion) a s  shown 

in t he f igur e  below : 

The s i z e  o f  VTR wh ic h can b e  mou n t ed o n  t he c a r t  is 

28 cm (W) X 3 0  cm ( D )  X 1 8 cm ( H ) . 

F i g . 1 2-2 
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