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Preface 

This book gives a thorough account of Theriogenology in camels, horse, cattle, buffaloes, sheep and 
goats for veterinary students studying reproduction. Chapter 1 – 4 give an account of comparative 
anatomy and physiology of reproductive organs (Chapter 1), how to examine it, either manually per 
rectum or via ultrasound, and how to perform clinical pre breeding checks of each species (Chapter 4). 
It also describes how to reproductively manage the estrous cycle including follicular dynamics, estrous 
behavior, endocrine control and ways to manipulate and synchronize estrus.  

 Chapters 6 – 10 give a background in pregnancy and parturition. The subjects covered include 

development of the conceptus, endocrine control, pregnancy diagnosis tips for practitioner, including 

clear ultrasonograms of early pregnancy in each species (Chapter 6), and a description of the different 

stages of parturition (Chapter 8). The various problems which occur during pregnancy such as 

embryonic and fetal losses, uterine torsion, vaginal prolapse, abortion and dystocia are covered in 

Chapter 7 and 9, Chapter 10 describes the post partum period, its normal course, complications, 

diseases and how to deal with them.. Chapter 11 covers the functional anatomy and physiology of the 

genital system, puberty, breeding soundness examination and infertility in male animals. Chapters 12 

entails assisted reproductive techniques such as AI, embryo transfer, IVF and cloning. 

 We wish to thank Dr. FA Sobyil, Dr. A Al-Hawas, Dr. AF Ahmed, Dr. SA Osman and  

Dr. M Tharwat for their kind support during the processing of this book. Moreover, we would like to 

thank the director of Qassim University, the Dean of College of Agriculture and Veterinary Medicine 

and the Head of Department of Veterinary Medicine of Qassim University for their relevant help in 

handing out such scientific books through Qassim University. 

 

       The Authors 

Ahmed Ali 

Derar Refaat 
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Anestrus No estrus signs 

Caslick’s operation Partial suturing of the vulva lips 

Cold shock Injury to sperm caused by a rapid decrease in semen 
temperature 

Dystocia Difficult birth 

Echogenic A structure causing a marked reflection of the 
ultrasound beam 

Endometrial cyst Cystic dilatation of the endometrial glands 

Endometritis Inflammation of the endometrium 

Epididymitis Inflammation of the epididymis 

Fetal Maceration Septic death of the fetus 

Fetal Mummification Aseptic death of the fetus 

Fetotomy Cutting of the dead fetus into small parts to get it out 
the birth canal 

Freemartin A female born co-twin to a male  

fremitus Vibratory sensation of the blood flow through the 
middle uterine artery during pregnancy 

Hermaphroditism Presence of both sex organs in one animal 

Hydrallantois Excessive fetal fluid within the allantoic membranes 

Hydramnios Excessive fetal fluid within the amniotic membranes 

Hydrometra Accumulation of fluid in the uterus 
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Hydrosalpinx Accumulation of fluid in the uterine tube 

Hyperechogenic Showing increased echogenicity 

hypoechogenic Showing decreased echogenicity 

Nulliparous A female has never given birth before 

Orchitis Inflammation of the testis 

Ovarian cysts Overgrowth of the ovarian follicles 

Ovarian hydrobursitis Adhesions and accumulation of fluid in the ovarian 
bursa  

Ovarian inactivity Small, static, non-function ovaries 

Pluriparous A female gave more than one birth before 

Pneumovagina Air suction into the vagina 

Pyometra Accumulation of pus in the uterus 

Salphingitis Inflammation of the uterine tubes 

Silent Heat unobservable estrus signs in a normally-cyclic animals 
with active ovaries 

Vaginal adhesions Occlusion of the vaginal passage 
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CHAPTER 1 

Comparative Anatomy and Physiology of the Female Reproductive Organs 
The topography of female genital organs seems to be important for clarifying some of the 
physiological and pathological findings, and handling of the clinical cases. The female reproductive 
organs of ruminants and equines consists of a pair of ovaries that produce egg cells or ova and uterine 
tubes where fertilization occurs and which carry the fertilized ovum to the uterus where growth of the 
fetus takes place. The cervix separates the uterus from the vagina or birth canal, where the sperms are 
usually deposited.  

 The comparative anatomy and images of the reproductive organs in farm animals are shown 
in Table (1) and Figs. (1-8).   

1.1. Reproductive Organs of female Camels 
The reproductive organs of the female camels are found cranial to the borders of the pelvic cavity 
showing different degrees of descending into the abdominal cavity.  

1.1.1. Ovary 
 The ovary is attached to the broad ligament by a well-defined tough ligament which extends 
from the hilus of the ovary to the tip of the matching uterine horn. The left ovary is commonly more 
cranio-ventral in position than the right ovary. Both ovaries are enclosed within a fold of the 
mesosalpinx known as the ovarian bursa, the apex of this bursa forms a large circular orifice within 
which lies the fimbriae of the uterine tube. Mature follicles and current corpora lutea project from the 
main contour of the ovary and give it a more lobular form (Figs. 1A, 2A).  The ovary consists of two 
major parts: the cortex and the medulla. The ovary is entirely enclosed by a tunica albuginea except in 
the area of the hilus. Follicular activity takes place in the cortex and ovulation can occur anywhere on 
this surface. However, as camelids are induced ovulators, i.e. under natural conditions they only 
ovulate in response to mating, there is no cyclical appearance of a corpus luteum in non-mated 
females. Corpora lutea are therefore only present in the ovaries of recently bred, aborted or pregnant 
females. 

 Follicular activity is dominated by 4 types of follicles, namely: small growing follicles, mature 
follicles, regressing follicles or over-large, anovulatory follicles. As the follicular waves overlap with 
each other, several generations of follicles may be present at the same time. The small growing 
follicles are visible on the surface of the ovary as small slightly raised vesicles measuring between  
2 - 4 mm, whereas the mature pre-ovulatory follicle measures between 13 – 20 mm and is spherical, 
turgid, with a thin clear translucent wall and protrudes clearly from the ovarian surface. The 
appearance of regressing follicles depends on the stage of regression. At the start of regression, the 
follicular wall becomes thick and opaque and the diameter decreases slowly until the follicle recedes 
into the ovary itself. Large anovulatory follicles are present in about 50% of non-mated females and 
their size and appearance can be highly variable (Fig. 1A). They vary in size from 25 - 60 mm and 
may have a thin or thick, opaque wall and contain either serous or haemorrhagic fluid with various 
amounts of fibrin. It seems that both ovarian sides (left and right) are equally functioning. Left and 
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right ovaries were approximately equal in length (means 3.21 cm vs. 3.39 cm, respectively) and width 
(means 2.59 cm vs. 2.63 cm, respectively). Growing, mature, and overgrown follicles are observed in 
frequencies of 88.7%, 21%, and 12.9% of both ovaries. Presence of overgrown follicles seemed; at 
least in some cases; a physiological process, where they are found with other functional structures. 

 The corpus luteum forms after ovulation, which occurs 24 - 48 hours after mating. The 
ovulating follicle collapses at ovulation and then the follicular cavity fills with blood to form a corpus 
haemorrhagicum. Luteinization of the corpus haemorrhagicum occurs within 4 - 5 days and gives rise 
to a corpus luteum. Regression of the corpus luteum occurs between 10 - 12 days after a sterile mating 
or just before parturition in the pregnant camel. The corpus albicans, originating from the regression of 
the corpus luteum of pregnancy is hard, white or grey in colour and has no blood vessels on its 
surface. Corpora albicantia of different sizes (5 – 12 mm in diameter) can remain on the surface of the 
ovary of the female for a long time. In one of the author’s studies, corpora lutea were found in 22.6% 
of examined cases in abattoirs. The corpora lutea were found in pregnant and non-pregnant genital 
organs. Single corpora lutea of the non-pregnant genitalia are found on the left and right ovaries in 
frequencies of 55.6% and 44.4%, respectively. The mean maximum diameter of corpus luteum was 
smaller in the non-pregnant animals (1.37 cm), compared to that of pregnancy (2.04 cm). The CL may 
be with or without central cavity. 

1.1.2. Uterine tubes  

 The uterine tubes play an important role in storage of sperms, fertilization and early 
embryonic development. Unlike other mammals though the uterine tubes are enlarged at the uterine 
end and this unique arrangement allows prolonged storage of large numbers of spermatozoa. The 
length of the uterine tubes measures between 17 and 28 cm. The isthmus is less coiled than the 
ampulla, and the fimbria lies within the bursa at a short distance from the ovary (Fig. 3A). Each 
uterine tube opens into the uterine horn via a narrow orifice at the summit of a protuberant papilla 
which can be as much as 3 - 5 mm in height. These papillae are very muscular and present a sphincter 
muscle at its apex. It possibly plays a role in the selective transport of fertilized embryos.  

1.1.3. Uterus 

 The uterus in all camelidae is bicornuate. The left horn is larger than the right horn 
demonstrating variable degrees of asymmetry (Figs. 1A, 4A). In nulliparous females the uterus is 
small and can be found entirely within the pelvic cavity, whereas in mature non-pregnant females it is 
located in the abdominal cavity at the level of the 5th, 6th and 7th lumbar vertebra. The non-gravid 
uterus has a short body of only 2 – 3.5 cm in length and the horns vary between 6 – 10 cm (right) and 
8 – 15 cm (left) (Fig. 4A). In Bactrians, the body of the uterus can be as long as 8.5 – 9.5 cm in length 
and the right and left horns measure between 6 – 8 cm and 8 – 12 cm respectively. The endometrium 
of the uterine body and horns contain no caruncles and the uterine glands are simple, branched and 
tubular, and open in the surface of the epithelium (Fig. 4A). In the gravid uterus the left uterine horn, 
in which the fetus implants, becomes noticeably distended at around 1.5 months of pregnancy and is 
almost double its size by 2 months at which time the uterus hangs into the abdominal cavity. By 150 
days the diameters of the gravid and non-gravid horns are nearly 4 times their original sizes, the 
endometrium increases in size and the glands become more numerous. The non-involuted post-partum 
uterus hangs over the brim of the pelvis. The uterine wall is thickened, edematous, and in the early 
postpartum period the uterus contains a small amount of blood. The uterus returns to its normal non-
pregnant position between 20 – 45 days after parturition.  
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1.1.4. Cervix  

 The cervix of the dromedary has between 3 and 6 annular muscosal folds but its consistency 
does not differ significantly from that of the uterus, which makes it very difficult to identify by rectal 
palpation (Fig. 5A). In camels the cervical canal varies between 4 – 6 cm in length and 3.5 – 6.1 cm in 
diameter during follicular activity, but these decrease slightly during ovarian inactivity. The cervix 
protrudes caudally in the vaginal cavity forming a fornix of variable depth (1 – 1.5 cm). The size of 
the protruded vaginal portion of the cervix and the actual position within the vaginal cavity varies 
from animal to animal and the appearance of the external cervical os varies according to the stage of 
the cycle. In the presence of a mature follicle the cervix is contracted and edematous and appears open 
on vaginal examination. During the luteal phase, it becomes dry and the cervical os is usually covered 
by a flap of the last two cervical rings. During pregnancy the cervix becomes very tight and in the 
advanced stages the cervix is pulled forward and downward beyond the pelvic brim. The normal size 
and position of the cervix is regained within the first two weeks following parturition. 

1.1.5. Vagina 

 The vagina is some 25 - 30 cm in length and is lined with many longitudinal folds (Fig. 6 A). 
The anterior vagina and the vestibulum are separated by a strong band of tissue (vestibulum sphincter 
muscle) and the hymen. This structure is very tight in nulliparous or young animals and can make 
manual examination of the vaginal cavity very difficult.  

1.1.6. Vulva  

 The vulva opens directly below the anus and measures 6 - 7 cm in length (Fig. 7A). During the 
follicular phase edema of the vulva can be present but it is very discrete, however, during the last week 
prepartum it becomes much more relaxed and edematous. The clitoris is very small and there is no 
distinct clitoral fossa. The urethra is also short and the opening of the urinary meatus is small.  

1.1.7. Reproductive organs in llama and alpaca 

 The genital organs of llama and alpaca are similar to that of dromedary and bacterian camels, 
but it is smaller in size. In llama, the outer lengths and luminal diameters of the left uterine horn, from 
early fetal stages to adulthood, were greater than the right uterine horn. The special anatomical 
disposition of the uterine septum appeared to restrict the diameter of the lumen of the right horn. No 
microscopic differences were detected between horns. Additionally, uterine glandular development 
was found in fetal genital organs at an early age (from CR length 34.5 cm and onward) and no 
differences were found either between left and right uterine horns or between fetal and adult 
reproductive organs. 

 

1.2. Reproductive Organs of Mares 

The reproductive organs of mare are usually lie in the pelvic and abdominal cavities, while the ovaries 
hanging in the sublumber region.  

1.2.1. Ovary 

 The ovary is bean-shaped (Figs. 1B, 2B) and is commonly described as having cranial and 
caudal poles, a lateral and medial surface and dorsal and ventral margins. The dorsal margin is 
attached by the mesovarium to the body wall. The shape and size of each ovary is variable, dependent 
mainly on follicular content. There are large variations in shape, size and consistency occurs in normal 
mares. Anestrous size ranges from 4.1 cm x 2.2 cm x 2 cm to 8.2 cm x 4.1 cm x 4.2 cm; tends to be 
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larger in older and larger mares. It is suspended in the cranio-lateral part of the broad ligament (the 
mesovarium). The broad ligament between the ovary and tip of uterine horn is the tuba membrane 
(free margin of mesosalpinx). The ovary is covered by an extension of the broad ligament (serosa) 
except at the ovulation fossa, which is a marked depression on its medial surface.  

Follicles do not normally protrude above the margin on the ovarian substance unless they are larger 
than 2.5 cm in diameter. Luteal structures normally protrude above the margin of the ovary for four or 
five days after ovulation (Fig. 2B), but not during the later luteal phase. During anestrus, ovaries are 
small and contain small follicles (1–1.5 cm in diameter) and no luteal tissue. Mares in temperate areas 
and during spring transition, their ovaries tend to be very large and contain many variable-sized 
follicles (up to five or six follicles, each of 3–4 cm in diameter) and no luteal tissue. During the 
ovulatory phase, ovaries will variably contain follicles and luteal tissue. It is not uncommon to find 
significant-sized follicles protruding above the margin of the ovary in mares that are in the luteal phase 
– at this stage the corpus luteum does not protrude and cannot be palpated. 

1.2.2. Uterine tube 

 The uterine tubes are tortuous tubes measuring 20–30cm in length when uncoiled. The uterine 
tube runs within the tubal membrane (Fig. 3B). The uterine tube is divided into three regions:  
(1) Isthmus –commencing at the oviductal papilla at the utero-tubal junction; (2) Ampulla – the area 
where fertilization and early embryonic development occurs; (3) Infundibulum – which has distinct 
fimbriae positioned adjacent to the ovulation fossa, between the proper ligament of the ovary and the 
tubal membrane. 

1.2.3. Uterus 

 The uterus is T- or Y-shaped in appearance; consisting of a body and two horns (Figs. 1B, 
4B).  Its position may be changed by the degree of filling of the bladder or intestine. The body runs 
cranially on the ventral floor of the pelvis and caudal abdomen. The uterus is normally dorsal, dorso-
lateral or lateral to the bladder. The uterine body averages 20 cm in length. The horns bifurcate from 
the cranial end of the body, and run laterally, or dorso-laterally. The horns are an average of 20–25cm 
in length. The horns are smaller in diameter at their tips. The normal non-pregnant uterus has a 
potential lumen. The thickness of the uterine walls, and the tone of the myometrium, varies 
significantly with reproductive state and age. Pregnancy causes gross distortion of the shape of the 
uterus. The two large broad ligaments suspend the uterus in the abdomen. Each ligament extends from 
the dorso-caudal border of a uterine horn and the dorso-lateral border of the body to the sublumbar and 
lateral pelvic wall. The continuous sheets of the broad ligaments are commonly divided into three 
regions: (1) Mesometrium – supports the uterus; (2) Mesosalpinx – supports the uterine tubes;  
(3) Mesovarium – supports the ovaries.  

1.2.4. Cervix 

 The cervix is a tubular organ 4 - 10 cm long and 2 - 5 cm wide that protrudes into the cranial 
vagina. It is the last line of defense between the uterine lumen and external environment. The length, 
diameter, tone and patency of the cervix vary greatly during different reproductive states. It has many 
longitudinal folds (Fig. 5B).  

1.2.5. Vagina  

 The vagina is a potentially hollow tube which, when undisturbed, is completely collapsed. 
Cyclical changes in the appearance of the vaginal mucosa are minimal. Normally, there is little 
bacterial or other contamination of the vagina. Clinical examination may result in a transient 
inflammation. Most of the vagina is retroperitoneal. A vulvo-vaginal constriction is found just cranial 
to the external urethral opening (Fig. 6B). It is probably a partial remnant, but in some maiden mares 
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complete hymen presents at this junction. In genitally healthy mares this constriction forms a 
secondary line of defense against aspirated air and fecal material. The vestibule extends from vulval 
lips to vestibule-vaginal constriction. It has pink to brownish-red mucous membrane. Ventrally houses 
the clitoris which is surrounded laterally and ventrally by clitoral fossa. The dorsal clitoris is covered 
by the transverse frenular fold. The dorsal surface of the clitoris contains up to three small cavities, the 
clitoral sinuses. There is always a central sinus and there may be two lateral sinuses. Clitoral sinuses 
and fossae contain a variable amount of smegma. Correct identification of the sinuses is important to 
enable proper bacteriological screening of mares prior to breeding. 

1.2.6. Vulva 

 The vulva lies ventral to the anus and is therefore at risk of fecal contamination. The normal 
vulva is almost vertical in position, and the vulval lips are opposed (Fig. 7B). The angle of the vulva 
should be evaluated with respect to the vertical. Its length should be compared with the position of the 
bony pelvis (ischial tuberosities) which can be palpated by finger pressure on the perineal tissue 
adjacent to the vulva. The normal vulva is vertical, or no more than 10° from the vertical. More than 
75% of the vulval length is normally positioned ventral to the bony pelvis. The vulval lips should be 
firmly closed. Three distinct vulvo-perineal conformational types are recognized. An increase in the 
angle of declination and/or a decrease in the length of the vulva below the bony pelvis result in 
increased likelihood of fecal contamination and of an ineffective vulval seal. Presence of air alone will 
result in a low-grade vestibulitis/vaginitis. With or without bacterial involvement, this may seriously 
impair fertility. The perineal tissue surrounds the vulva and includes tissue ventral to the tail and 
around the anus. This region is frequently injured at foaling. The normal anus is dorsal to, and 
vertically in line with, the vulva. The normal position results in fecal material falling clear of the vulva 
at defecation. The position of the anus is influenced by the body-condition score of the mare. In thin 
mares, for example, the anus may be sunken-in, i.e. cranial in position compared with normal. 

 

1.3. Reproductive Organs of Cows 

The female genitalia lie in the pelvic cavity and consist of the ovaries, uterine tubes, uterus, cervix, 
vagina, and vulva (Fig. 1C).  

1.3.1. Ovary 

 The two ovaries lie slightly medially to the tips of the uterine horns to which they are joined 
directly by parts of the broad ligaments, the ovarian ligament. They are oval in shape and vary in size 
from about 1.5–5 cm in length and 1–3 cm in diameter, depending on the stage of reproductive cycle 
(Fig. 2C). Ovarian structure is not static, and the appearance of the surface of the ovary continually 
changes in cycles of follicle growth and regression or ovulation and corpus luteum growth and 
regression. The production of ova or eggs, takes place from a group of cells, the oogonia, which 
develop in cords from the germinal epithelium surrounding the fetal ovary. These cells penetrate the 
ovarian stroma and gradually differentiate, the larger ones eventually becoming the primary oocytes or 
egg cells. The neighboring cells surround the oocyte and provide sustenance, the whole structure being 
known as a primary ovarian follicle. Each female animal has a full complement of primary follicles 
containing primary oocytes at birth, but the number is far in excess of those required during life. The 
primary follicles enter phases of growth during the lifetime of the animal, a process possibly under 
hormonal control, although the precise nature of the stimulus is not understood. In the immature 
female the ovary consists of a cortex containing primary oocytes, each surrounded by a single layer of 
supporting cells, and a medulla containing connective tissue, nerves and blood vessels. The growth of 
follicles is controlled by the neuroendocrine system. During follicular growth, the cells surrounding 
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the primary oocyte increase in number thus increase the number of layers around the cell. With 
continued development, a cavity or antrum is formed which becomes filled with follicular fluid. Antral 
follicles can be seen on the ovarian surface. The outer layers of the follicle are the theca externa and 
interna. The theca externa contains much fibrous tissue while the internal layer is more cellular and 
contains many blood vessels. The innermost layer of cells is termed the granulose layer. The oocyte 
itself is surrounded by a non-cellular membrane, the zona pellucida, and is suspended in the follicular 
fluid by a clump of cells, the cumulus oophorus. 

 Following ovulation, the cavity of the ovulated follicle is invaded by cells that are derived 
from the granulosa and theca interna layers of the follicle. These cells are large and termed lutein cells 
and they are richly supplied with blood vessels. The structure usually protrudes from the surface of the 
ovary, is yellow-brown in colour and is known as the corpus luteum (Fig. 2C). This structure persists 
on the surface of the ovary until a few days before the next ovulation, when it begins to degenerate 
rapidly, a process known as luteolysis. Alternatively if the animal becomes pregnant then the corpus 
luteum is maintained for the duration of that pregnancy. The corpus luteum consists of two 
populations of luteal cells: small (15–20 mm in diameter), originating from the theca interna, and large 
(25–30 mm), originating from the follicle granulose layer. The small cells account for about 90% of 
the total population.  

1.3.2. Uterine tubes 

 The uterine tubes or uterine tubes serve to transport ova or unfertilized eggs from the ovary to 
the uterus and pursue a convoluted course through a section of the broad ligament, the mesosalpinx. 
Each uterine tube is 20–30cm long and approximately 2–3 mm in diameter and can be considered as 
consisting of three segments. The narrow isthmus extends from the tip of the uterine horn for about 
half the length of the uterine tube; the ampulla is a slightly wider section eventually opening into the 
peritoneal cavity via the funnel-like third portion or infundibulum (Fig 3C). This acts literally as a 
funnel, which serves to capture ova as they are shed from the ovary at ovulation and to facilitate their 
passage down the uterine tube. 

1.3.3. Uterus 

 The uterus is a hollow muscular organ consisting of a short body and two relatively long 
cornua or horns. Thus when straightened the organ is Y-shaped, although in life the uterine horns 
curve downwards and laterally. The size of the uterus depends on factors such as age and parity, but 
the uterine body is approximately 5 cm in length and the horns are 20–40cm in length and 1.5–4 cm in 
external diameter in the non-pregnant cow, tapering at the ovarian extremity (Fig. 1C, 4C). The uterus 
is suspended in the pelvic cavity by the broad uterine ligaments on either side. These ligaments also 
carry the blood and nerve supply to the organ. Blood is supplied to the organ by the utero-ovarian and 
uterine arteries of which the middle uterine artery is the largest. The uterine wall varies from 3–10 mm 
in thickness and consists of three layers: the inner lining or endometrium; a muscular layer, the 
myometrium; and the outer ‘serosa’ layer. The endometrium or mucosa consists mainly of glandular 
epithelium and has approximately 120 specialized raised areas known as ‘caruncles’ (Fig. 4C). These 
are characteristic of the uterus of ruminants and are the points of attachment of the placenta during 
pregnancy.  

1.3.4. Cervix 

 Commonly known as the neck of the womb, the cervix forms a barrier between the vagina and 
uterus. It varies in length from 2 - 3 cm in the heifer to approximately 10 cm in the mature cow and 
has a very thick fibrous wall. The lumen or cervical canal is convoluted and normally tightly closed 
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except at parturition, although it also dilates slightly at estrus (Fig. 5C). A plug of thick brownish 
mucus is usually present in the canal during the luteal phase of the cycle and during pregnancy.  

1.3.5. Vagina  

 The vagina extends anteriorly from the vulva to the cervix and is variable in length depending 
on whether the animal is pregnant or non-pregnant. The urethra opens into the floor of the vagina 
approximately 10 cm anterior to the vulva and just posterior to this is a blind pouch, the sub-urethral 
diverticulum (Fig. 6C).  

1.3.6. Vulva 

 The vulva, or lips, form the exterior opening of the reproductive organs and allow for the entry 
of the bull’s penis (or the AI gun) at service and for the expulsion of the calf at birth (Fig. 7C). In the 
cow, the vulva also forms the exit point of urine from the body. 

 

1.4. Reproductive organs of buffalo-cows 

 The female reproductive organs of the buffalo are similar to those of the cow in structure and 
location (Figs. 1D-7D), although the cervix is less conspicuous and the uterine horns are more coiled. 
As in cattle, the uterine horns are turgid and coiled and have marked tone during estrus; they are 
flaccid and lack tone during the diestrous period. The cyclic corpus luteum is reported to be smaller 
and more difficult to palpate than in cattle. In a study on buffalo ovaries and follicular development 
the weight of the right and left ovaries as averaging 2.72 g and 2.54 g respectively; the right ovary 
possessed more developing follicles than the left. This seems reconcilable with data recording the 
incidence of pregnancy in the right and left uterine horns as 67% and 33%, respectively, in Nili-Ravi 
buffaloes in Pakistan. Studies in India, on the other hand, found little evidence of any size and weight 
differences between the right and left gonads of the buffalo.  

 

1.5. Reproductive organs of ewes and does 

 The basic anatomy of the ewe's reproductive organs is similar to that of cattle (Fig. 1E). The 
ovaries are roughly spherical and about the size of a marble (10 to 15 mm in diameter) (Fig. 2E). The 
uterine tubes extend towards the ovaries but are not connected to them. Instead they end with a small 
funnel shaped opening which catches the egg when it is released (Fig. 3E). The uterine tubes provide 
the site of fertilization and early embryo development before the embryo passes to the uterus. The 
uterus is a small muscular organ that provides protection and nourishment for the developing embryo 
(Fig. 1E, 4E). It consists of a body and two uterine horns that are continuous with the uterine tubes. 
The inner lining of the uterus is made up of many button-like projections known as caruncles, which 
are the sites of attachment for the placenta ('afterbirth') (Fig. 4E). The transfer of nutrients between the 
ewe and the developing embryo takes place via the placenta. The development of the embryo and later 
the fetus continues within the uterus for the duration of pregnancy. The cervix separates the uterus 
from the vagina. In ewe, it is very tortuous making embryo transfer and artificial insemination difficult 
(Fig. 5E). During pregnancy it is sealed and protects the embryo and fetus from the external 
environment. At the time of mating and ovulation it is open, enabling passage of sperm into the uterus. 
The vagina connects the cervix to the vulva (Fig. 6E). The vulva is the external opening of the genital 
organs, fleshy and has a small tuft of hair at the ventral commissure (Fig. 7E).   
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Chapter 2 

 

The Estrous Cycle 

The estrous cycle (also oestrous cycle; derived from Latin oestrus and originally 
from Greek name meaning sexual desire) comprises the recurring physiologic changes that are 
induced by reproductive hormones in most mammalian placental females. Estrous cycles start 
after puberty in sexually mature females and are interrupted by anestrous or pregnancies. Mammals 
share the same reproductive system, including the regulatory hypothalamic system that 
releases gonadotropin releasing hormone in pulses, the pituitary that secretes follicle stimulating 
hormone and luteinizing hormone, and the ovary itself release sex 
hormones including estrogens and progesterone. Females are generally only sexually active during the 
estrus phase of their cycle. This is also referred to as being "in heat". The estrous cycle consists of four 
phases: 

Proestrus 

 One or several follicles of the ovary start to grow. Their number is specific for the species. 
Typically this phase can last as short as one day or as long as 3 weeks, depending on the species. 
Under the influence of estrogen the lining of the uterus (endometrium) starts to develop. The female is 
not yet sexually receptive. 

Estrus 

 Estrus refers to the phase when the female is sexually receptive ("in heat"). Under regulation 
by gonadotropic hormones, ovarian follicles are maturing and estrogen secretions exert their biggest 
influence. She then exhibits a sexually receptive behavior, a situation that may be signaled by visible 
physiologic changes. A signal trait of estrus is the lordosis reflex, in which the animal spontaneously 
elevates her hindquarters. In some species, the labia are reddened. Ovulation may occur spontaneously 
in some species 

Metestrus 

 During this phase, the signs of estrogen stimulation subside and the corpus luteum starts to 
form. This phase typically is brief and may last 1 to 5 days. In some animals bleeding may be noted 
due to declining estrogen levels. 
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Diestrus 

 Diestrus is characterized by the activity of the corpus luteum that produces progesterone. In 
the absence of pregnancy the diestrus phase (also termed pseudo-pregnancy) terminates with 
the regression of the corpus luteum. The lining in the uterus is not shed, but will be reorganized for the 
next cycle. 

Anestrus 

 Anestrus refers to the phase when the sexual cycle rests. This is typically a seasonal event and 
controlled by light exposure through the pineal gland that releases melatonin. Melatonin may repress 
stimulation of reproduction in long-day breeders and stimulate reproduction in short-day breeders. 
Melatonin is thought to act by regulating hypothalamic pulse activity of gonadotropin-releasing 
hormone. Anestrus is induced by time of year, pregnancy, lactation, significant illness, chronic energy 
deficit, and possibly age. 

The symptoms of estrus phase in different farm animals, the mating behavior, techniques for estrus 
detection, and synchronization tools are shown in Table (2) and Figs. (9-11). 

  

2.1. Estrous Cycle (follicular waves) in Female Camels 

2.1.1. Ovarian dynamics 

 Camels show increased ovarian activity during cold weather. During this time, the follicles in 
the ovaries grow, mature and regress if ovulation is not induced by mating. It is therefore more 
accurate to describe the cyclical ovarian changes in the camel as a follicular wave pattern rather than 
an estrous cycle. The follicular wave can be alienated into three phases: namely: (i) the growth phase, 
(ii) the mature phase and (iii) the regression phase. During the growth phase, (lasting on average 10.5 
days) a cohort of small follicles develop from a pool of small follicles which grow at a rate of 
approximately 0.5 - 1 mm/day until they reach about 1 cm in diameter and then one or two follicles 
become dominant and continue to grow.  In about 50% of the cases the dominant follicle grows to a 
mean maximum diameter of 2.0 cm whilst the others regress, whereas in the other 50% of the cases 
the dominant follicle continues to grow to a mean maximum diameter of 4.2 cm before it starts to 
regress, taking on average 18.4 days to reach its maximum diameter. The mature phase includes the 
time when the follicle has reached maximum size and is ready to ovulate. It lasts on average 7.6 days 
for mature follicles of 1.5 - 2.5cm and 4.6 days if the follicle grows to as large as 4.0 - 6.4 cm. In the 
absence of mating, the follicle starts the regression phase taking on average 11.9 days to regress if the 
follicle measures between 1.5 - 2.5 cm and 15.3 days for the larger follicles. During the regression 
phase the follicular fluid of the oversized follicles becomes more echogenic owing to the development 
of free floating echogenic strands, which later become more organized into transecting fibrous bands. 
These overlarge follicles do not, however, inhibit the growth of other follicles in the same or 
contralateral ovary, which can mature and ovulate if the appropriate stimulus is applied. In all cases, 
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new follicles become visible and start to grow before the mature follicle has fully regressed to give an 
interwave interval of about 18.2 days. 

 Ovulation in camels is induced i.e. mating with an intact or vasectomized male is necessary to 
stimulate the luteinizing hormone (LH) surge required for ovulation. However, in dromedaries it can 
also be induced by gonadotrophin injection, if this is given at the correct time of the follicular wave 
cycle. The incidence of ovulation is influenced by the size and stage of development of the follicle. In 
dromedaries ovulation does not occur if the follicle is < 9mm in diameter, but the ovulation rate 
increases to 85% if the follicle grows to between 1.0 - 1.9 cm in diameter. Then, it decreases sharply if 
the follicle continues to grow to 2.0 - 2.9 cm (12.5%). No follicles over 3.0 cm in diameter ovulate at 
all, nor does any follicle in the regression phase. Ovulation in the mated camels is followed in 3 - 4 
days by the development of a spherical echogenic corpus luteum (CL) that grows to a mean maximum 
diameter of 2.2 cm by day 9 after which it starts to regress. 

2.1.2. Estrous behavior 

 Both the dromedary and Bactrian camels are generally regarded as seasonal breeders, 
however, there seems to be rather conflicting reports as to the beginning and length of the seasonal 
activity in the dromedary. In some countries, breeding activity seems to be limited to a few months of 
the year, whereas in others, breeding is continuous, without a real distinction between an anoestrous 
period and a breeding season. Generally speaking, dromedaries show increased breeding activity 
during the period of low climatic temperature, rain and better grazing conditions. Although 
photoperiod is a major factor in stimulating seasonality in many species, well-fed and watered females 
show ovarian activity throughout the year and the determinant factors of the observed seasonality in 
conception rates are due to a decrease in libido in the male and an increase in early embryonic death, 
during the summer months. 

 Several people have described signs of sexual receptivity or estrous behavior in the dromedary 
such as: chasing and mounting other females, restlessness, swelling of the vulva, straddling the hind 
legs and urinating, vaginal mucus discharge, receptivity to the male, and lay down in a sternal position 
(Fig. 9A). However, all these signs are very variable in duration and intensity and are therefore 
unreliable for detection of estrus. Sometimes the female can be receptive to the male when there are no 
follicles in her ovaries or maybe totally indifferent to him when a mature follicle is present!  

 In llama and alpaca, females lay down in a sternal position when approached by a male or he 
may mount, push on her withers with his front legs and she quietly lies down after a period of 
reluctance and submits to mating. Estrous female may seek out the male in pasture situations and lay 
near a mating couple. In some cases female pacas may mount the male during mating and there may 
be a long chain of female llamas in the prone position piled on each other on top of a male mating a 
female. Some nonreceptive females may even assume a sternal posture and submit to mating by a 
dominant male. 
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2.1.3. Endocrine control of the estrous cycle   

 The Hypothalamus secretes GnRH into blood vessels connecting to anterior pituitary. The 
GnRH acts on specific cells of anterior pituitary to release FSH and LH. FSH secreted into circulation, 
transported to ovary, and stimulates follicular development. LH secreted into circulation and acts 
synergistically with FSH to stimulate secretion of Estradiol - 17� by follicle. The concentration of 
estradiol - 17� in peripheral serum increases initially with the increase in follicle diameter reaching 
peak values of about 39.0pg/ml when the follicle reaches a diameter of about 1.7 cm. Although the 
follicle continues to grow to >2.0 cm over succeeding days, the oestradiol - 17� concentrations decline 
to basal levels again. The Progesterone concentrations remain low for the first 3 - 4 days after 
ovulation and then rise steadily to a peak of around 2.7 ng/ml on day 8 or 9 before falling sharply 
again on days 10 - 11 to reach mean values of 0.5 ng/ml by days 11 or 12. The CL has a secretory 
lifespan of approximately 8.5 days.  

2.1.4. Synchronization of follicular wave  

 Some estrus synchronization protocols have been practiced in camels as trials to develop 
techniques for fixed time treatments. Exogenous progesterone has been used; however the results are 
still controversial. It have observed that although the application of PRID (progesterone releasing 
intravaginal device) (Fig. 11) in camels released adequate amount of progesterone, it failed to produce 
the desirable suppressive and priming action on the ovaries. It have also reported that PRID alone did 
not seem to be a satisfactory method of controlling ovarian function in the dromedary camel, 
premature ovulations induced by PRID prevented the occurrence of well synchronized superovulation. 
There is the opinion that progestagens priming is not necessary to achieve adequate ovarian response 
to exogenous gonadotrophic stimulation in the camel. Contrary to the above reports of poor 
performance with progestagens, other studies have reported very good results using intramuscular 
administration of progesterone for 14 days. Methods of progesterone administration include daily 
injections, oral consumption, intra-vaginal devices and subcutaneous implants. Progestagen plus 
estradiol benzoate treatment facilitated the prediction of emergence of a new follicular wave. Effect of 
exogenous progesterone on follicular activities has been studied in llama. However, alteration of 
follicular population to exogenous progesterone treatment has not yet been investigated in dromedary 
camels. 

 A study was conducted to synchronize follicle wave emergence prior to superovulation using 
either GnRH or progestagen treatments, in Bactrian camels. GnRH group camels received 20 �g of the 
GnRH analogue Buserelin on Days -18 and -4 of the experiment (initiation of superovulation=Day 0). 
Camels in the progestagen group received two consecutive treatments of progestagens, 7 days apart, 
on Days -14 and -8 of the experiment. On each occasion, each female received three norgestomet 
implants and 200mg progesterone (i.m.) and all implants were removed 14 days after the first 
progestagen treatment coinciding with Day -1 of superovulation. A combination of eCG and FSH was 
used to induce superovulation and the growth of all subsequent follicles and CLs were monitored daily 
by ultrasonography. Following the first GnRH injection, mature follicles ovulated within 1-2 days, and 
a new follicle wave emerged after 3+/-0.77 days. At the time of the second GnRH injection, a mature 
follicle (15.6+/-0.97 mm) ovulated and a new follicular wave emerged between 1 and 2 days after 
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GnRH injection. Growing follicles at the time of the first progestagen treatment became either atretic 
or persistent and a new follicle wave emerged 3-6 days later. At the initiation of superovulation, the 
diameters of the largest follicle in GnRH and progestagen groups were 7.4+/-0.59 and 20.5+/-2.26 
mm, respectively but after superovulation and mating there was no significant differences in the 
number of unovulated follicles or CLs between groups. In conclusion, two GnRH injections, 14 days 
apart, may be used to synchronize follicle wave emergence in Bactrian camel. 

 

2.2. Estrous Cycle in Mares 

2.2.1. Ovarian dynamics 

 The mare is a seasonally polyestrous breeder. Ovulation occurs spontaneously at the end of a 
variable follicular phase. The natural breeding season in the northern hemisphere is May to October. 
Outside of the breeding season many, but not all, mares become anovulatory. In tropic and subtropics 
areas, mares have no distinct breeding season and can reproduce all the year. Cycle length is usually 
21 days, but it is very variable. Longest cycle length occurs in spring. If cycle length is shorter than  
18 days suspect endometritis. Anestrus usually occurs in winter and spring, depending on mare and 
management system, occasionally occurs in early summer, especially in lactating mares. Small 
follicles up to 15 mm in ovaries may be found, but there is no functional corpus luteum. It can be 
diagnosed by palpation of the reproductive organs, ultrasound examination and detection of low 
plasma progesterone. Transitional period occurs in late winter or early spring, depending on mare and 
management. Variable follicular activity with many follicles, some may reach ovulatory size before 
becoming atretic. It is characterized by erratic estrous behavior. Estrous behavior may last more than a 
month before the first ovulation occurs. Estrus is usually lasts 4-7 days, but very variable. It is longest 
in spring and ends approximately 24 hours (0�48 hours) after ovulation. Split estrus and silent heat 
may occur. The interestrus describes the interval between two successive heats. It is usually 14�16 
days in length, but may be longer early in the year, and it may be short if corpus luteum lyses due to 
endometritis. The luteal phase is about 14 and it may be shortened by endometritis. Long luteal phase 
occurs where corpus luteum is not lysed spontaneously, and it may persist for up to three months 
(prolonged diestrus). 

 The estrous cycle can be also divided into two phases: (1) Estrus � the period of sexual 
receptivity; (2) Luteal phase � the period after ovulation during which progesterone is produced by the 
luteal structures. The luteal phase may also be considered to have two components: the early luteal 
phase, during formation of the corpora haemorrhagica (metestrus); and the late luteal phase from 
approximately day five after ovulation until regression of the corpus luteum on approximately day 15 
(diestrus). Ovulation occurs approximately 24 hours before the end of behavioral estrus (i.e. estrus is 
terminated by decreasing concentrations of estrogen and increasing concentrations of progesterone). 
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2.2.1. Estrus behavior 

 During estrus the mare is more docile; moves the ears backwards and vocalizes when 
approached by the stallion; raises the tail, everting the clitoris in a rhythmical manner with frequent 
urination of cloudy yellow urine (Fig. 9B). Estrous behavior is best displayed when the mare is teased 
by a stallion (Fig. 10A). Unlike cows, mares do not show overt signs of estrus when maintained with 
other mares. Mares with foals at foot may not show signs of estrous behaviour.  

2.2.3. Endocrine control of estrous cycle  

 In the non-pregnant mare, endogenous prostaglandin is produced by the endometrium and 
enters systemic circulation to causes lyses of the corpus luteum. Progesterone concentrations start to 
decline on approximately day 15. During late diestrus, low-frequency pulses of increased 
concentrations of GnRH result in release of FSH from the pituitary. Follicle growth is so initiated and 
these follicles are recruited for ovulation at the subsequent estrus. Estrogen concentrations increase 
following growth of recruited follicles. Estrogens produce a positive feedback effect on LH which 
increases in a prolonged peri-ovulatory surge, and then ovulation occurs. Progesterone concentrations 
increase rapidly after ovulation. FSH concentrations begin to increase again and peak just prior to 
ovulation.  

2.2.4. Manipulation of the cyclic activity 

2.2.4.1. Induction of ovulation in cycling mares 

 Human chorionic gonadotrophin (hCG) is mainly LH-like in effect and intravenous 
administration of 1500 IU to mares in estrus with a follicle greater than 3.5 cm in diameter will 
normally result in ovulation within 48 hours.  

2.2.4.2. Shortening the luteal phase 

 Prostaglandin F2� is the treatment of choice. Prostaglandins have two major effects (a) 
luteolytic and (b) spasmogenic. The spasmogenic effects account for the majority of adverse effects, 
which can include sweating, increased gastrointestinal motility (colic), dyspnea (especially in mares 
with chronic lung disease), in coordination and also hyperthermia and hyperglycaemia.  

2.2.4.3. Hastening ovulation 

 The optimal time for mating or insemination of a normal mare is 24�48 hours before 
ovulation. Gonadotrophin releasing hormone agonists and superagonists, such as deslorelin and 
buserelin, may be useful. Human chorionic gonadotrophin (hCG) may also be used to hasten ovulation 
of a large (3.5 cm) follicle.  

2.2.4.4. Synchronization of the estrus and ovulation 

 The estrous cycle of the mare is characterized by a long and variable follicular phase. The time 
of ovulation within this is variable. Progestagens are most commonly used. Simply, these are given for 
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a prolonged period so that the only source of progesterone is the exogenous agent. When the 
exogenous agent is removed, estrus and ovulation ensue. In some cases, ovulation is hastened by 
administration of hCG or GnRH agonists or superagonists.  Progestagens may be administered for 14 
days with a prostaglandin being administered during treatment.  

 

2.3. Estrous Cycle in Cows 

2.3.1. Ovarian dynamics 

 Once puberty occurs, estrous cycles generally continue unless pregnancy is established. 
Estrous cycles typically are 21 days in duration but normally may range from 17 to 25 days. The 
period of estrus may range from 2 to 50 hours in duration but averages 12 to 18 hours. Ovulation 
occurs approximately 24 to 30 hours after the onset of estrus. Ovaries of cattle contain two different 
pools of follicles, the non-growing pool and the growing pool. The non-growing pool contains the 
primordial follicles, whereas the growing pool contains the primary, secondary and tertiary follicles. 
Entry of primordial follicles into the growth phase occurs throughout the reproductive life. The 
primordial follicles continuously leave the arrested pool and undergo the primordial to primary follicle 
transition. During recruitment of follicles into the growing pool theca cells organize into distinct layers 
around early developing follicles and establish essential cell-cell interactions with granulosa cells. In 
cattle the growth of obligatory gonadotropin-dependent follicles occurs in a wave like pattern. Waves 
of growth can be observed during the pre- and post-pubertal periods. During one interovulatory 
interval two, three or four waves have been observed. Cycles with three waves were on average 3 to 4 
days longer and corpora lutea regressed later than in animals with two waves. Moreover, interval from 
detection of dominant follicle to ovulation and duration of dominance were shorter in animals with 
three waves. Greater than 95 % of oestrous cycles are composed of either two or three follicular 
waves. From the cohort, one follicle is selected for continued growth and becomes dominant. If 
luteolysis occurs during the growth phase of dominant follicles, final maturation and ovulation occurs. 
If luteolysis does not occur during the growing and maintenance phase of follicles, the fate is atresia. 
Recruitment is the entrance of follicles in the growing pool, but also for the processes associated with 
the entrance of follicles in a wave like growth pattern. FSH is the key hormone for the endocrine 
initiation of follicular wave occurrence Selection means that the number of growing follicles is 
brought into line with the species-specific ovulation number. After recruitment fewer and fewer 
recruited follicles continue in growth until one follicle is selected to become dominant while the 
remaining members of the recruited follicles become static and undergo atresia via apoptosis. The 
processes of selection occur under declining FSH concentrations and take 2 to 3 days. Deviation 
occurs when 2 largest follicles reach 8.3 and 7.8 mm in diameter which is characterized by continued 
growth of the largest follicle to become the dominant follicle and reduced or terminated growth of the 
remaining follicles to become subordinate follicles. This was observed at 61.0 h after wave 
emergence. The LH stimulates the production of estradiol and insulin-like growth factor-1. These 
intrafollicular factors and perhaps others account for the responsiveness of the largest follicle to the 
low concentrations of FSH. The smaller follicles have not reached a similar developmental stage and 
because of their continued and close dependency on FSH become susceptible to the low 
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concentrations. Follicles are functionally dominant (capable of ovulating after luteal regression) while 
they are still growing and early during their plateau in growth. Follicles acquire ovulatory capacity at 
about 10 mm, corresponding to about 1 day after the start of follicular deviation, but they require a 
greater LH dose to induce ovulation compared with larger follicles. Selection and dominance are 
accompanied by progressive increases in the ability of theca cells to produce androgen and granulosa 
cells to aromatize androgen to estradiol. Dominant follicles grow to a much larger size than all the 
other follicles (from 8.5 mm at the end of selection to 12 � 20 mm). This takes 3 to 4 days. LH pulses 
are indispensable for follicle development beyond 9 mm in diameter.  Follicular dynamics in cattle can 
be summarized in; (1) follicles grow in a wave-like fashion; (2) periodic surges in circulating FSH are 
associated with follicular wave emergence; (3) selection of a dominant follicle involves a decline in 
FSH and acquisition of LH responsiveness; (4) periodic anovulatory follicular waves continue to 
emerge until occurrence of an LH surge; (5) within species, there is a positive relationship between the 
duration of the oestrous cycle and the number of follicular waves; (6) progesterone suppresses LH 
secretion and growth of the dominant follicle; (7) the duration of the interwave interval is a function of 
follicular dominance, and is negatively correlated with circulating FSH; (8) follicular dominance in all 
species is more pronounced during the first and last follicular waves of the oestrous cycle and  
(9) pregnancy, the prepubertal period and seasonal anoestrus are characterized by regular, periodic 
surges in FSH and emergence of anovulatory follicular waves. Local regulation of ovulation involves 
the interaction of LH and intrafollicular factors including steroids, prostaglandins, and peptides 
derived from endothelial cells, leukocytes, fibroblasts, and steroidogenic cells.   

2.3.2 Estrous behavior 

 Standing to be mounted is the most definitive sign of estrus in cows (Fig. 9C). During the 
period of standing heat, cows stand to be mounted by other cows. Cows that move away quickly when 
a mount is attempted are not in estrus. The average duration of a mount is approximately 2.5 seconds. 
Secondary signs of estrus include, mucous discharge from the vulva, swelling and reddening of the 
vulva, bellowing, restlessness, trailing other cows, chin resting, sniffing the genitalia of the other 
cows, and lip curling. These signs may occur before, during, or after estrus and are not related to the 
time of ovulation. Such signs should be used as clues that cows are near estrus so that they can be 
watched more intensely for standing behavior.  

2.3.3. Endocrine control of the estrous cycle 

 With the regression of the corpus luteum, concentrations of progesterone rapidly decline as 
those of estradiol begin to increase concurrently with the accelerated growth of the preovulatory 
follicle. As progesterone declines, the baseline concentration of LH increases, the frequency of LH 
pulses increases from about one pulse every 4 to 6 hours to one pulse every hour, but the amplitude of 
LH pulses declines. Gonadotropins influence follicular development and subsequent secretion of 
estradiol. Estradiol appears to exert inhibitory effects on FSH release. A secondary rise in FSH of 
lower magnitude than that observed during the surge often is reported just before ovulation, or about 
24 to 30 hours after the onset of the preovulatory surge. This secondary rise may be a consequence of 
the loss of follicle-derived inhibin production during the ovulatory process. This increase in FSH 
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probably is critical to the recruitment of the first wave of antral follicles that becomes visible by 
intrarectal ultrasonography during early metestrus.  

2.3.4. Estrous synchronization  

2.3.4.1. Estrus detection aids 

 A variety of additional aids to estrus detection are available. Traditional aids include pressure-
sensitive mount detectors, tailhead markings, and detector animals, monitoring electrical resistance of 
reproductive organs tissue, pedometry, and electronic pressure-sensitive mount detectors (Fig. 10).  
A pressure-sensing radiotelemetric estrus detection system that monitors frequency and duration of 
mounting is commercially available to dairy and beef producers. This externally mounted device, 
which captures mounting information and transmits it to a receiver interfaced with a computer, has 
been tested. Results showed the accuracy of estrus detection for this system to be similar to that for 
visual observation for estrus, with rates of 96% and 94%, respectively. Combining the pedometry 
component with the mount monitor would make this device a very effective detection aid. The use of 
several detection aids or monitoring two or more aspects of estrous behavior is superior to a single 
method for improving the efficiency of estrus detection. The cost, durability, accuracy, functional life, 
maintenance requirements, access to and interpretation of data, length of time these devices remain 
attached to the animal, and labor commitment are factors that must be considered in evaluating any 
new estrus detection technology.  

2.3.4.2. Estrous synchronization 

Prostaglandin F2� (PGF2�): in one or two doses with 11 to 14 days interval. 

Melengestrol acetate (MGA) (0.5mg/day per animal): is fed for a period of 14 days, with 
PGF2� �administered 17 to 19 days after MGA withdrawal. 

Select Synch: Gonadotropin-releasing hormone (GnRH) injection, followed in 7 days by an injection 
of PGF2�. 

MGA-GnRH-PGF2� (MGA Select): a) MGA is fed for 14 days, GnRH is administered 10 or 12 days 
after MGA withdrawal, and PGF2� �is administered 7 days after GnRH. b) MGA is fed for 7 days, 
PGF2� �is administered on the last day MGA is fed, GnRH is administered 4 days after the cessation of 
MGA, and a second injection of PGF2��is administered 11 days after MGA withdrawal. 

A controlled internal drug release device (CIDR) (Fig. 11A): It has been developed for the 
intravaginal release of progesterone and has been proved to be effective for inducing and 
synchronizing estrus in heifers and cows. The CIDR inserts are placed into the vagina with a 
lubricated applicator, after disinfection of the vulva. The device has a flexible polyester tail that 
protrudes from the vulva and is easily removed by pulling the polyester tail. Although mild vaginitis is 
common with use of CIDR inserts, fertility is not compromised. The retention rate for CIDR inserts is 
approximately 95%. If the retention rate is considerably less than 95%, the devices may have been 
inserted incorrectly, or other animals may be pulling out the CIDR insert by biting on the polyester 
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tails. In the latter case, the problem can be remedied by trimming the polyester tails. The CIDR 
treatment includes insertion of a CIDR device on day 0, injection of PGF2� �on day 6, and CIDR insert 
removal on day 7. Cows and heifers typically are observed in estrus 24 to 72 hours after CIDR insert 
removal, and they commonly are inseminated after detection of estrus. PRD is working like CIDR. 

CoSynch protocol: Efforts to develop a more effective timed insemination protocol in beef cows have 
recently focused on synchronizing follicular waves by injecting GnRH, followed 7 days later with an 
injection of PGF2� and then a second GnRH injection plus insemination 48 hours after the PGF2� 
injection (COSynch protocol). This protocol permits the synchronization of ovulation in cows but at 
present it has not proved to be as effective in heifers. In cows that have a dominant (�10mm) follicle at 
random stages of their estrous cycle, an injection of GnRH will induce ovulation and subsequent 
formation of luteal tissue. A new follicular wave is initiated in heifers or cows within 2 to 3 days of 
GnRH-induced ovulation of a dominant follicle, synchronizing the development of a new dominant 
follicle. Luteal tissue that forms after GnRH administration is capable of undergoing PGF2�-induced 
regression 6 or 7 days following the first GnRH injection. A limitation to GnRH-PGF2� protocols 
(including CO-Synch) is that approximately 5% to 15% of the cows are detected in estrus on or before 
the day of PGF2� �injection, so a smaller proportion of females will conceive to the timed insemination 
48 hours later.  

Ovsynch program: Synchronization of ovulation using timed injections of prostaglandin F2�� and 
gonadotropin releasing hormone (GnRH) (Ovsynch program). The objectives of the original Ovsynch 
research were to (1) hormonally control the onset of a new follicular wave, (2) control the lifespan of 
the spontaneous and induced CL, and (3) control the time of ovulation of the dominant follicle (DF). 
Three hormonal injections are needed to accomplish these three objectives. The first GnRH injection 
causes ovulation, or luteinization, if a functional DF was present in the ovary. Subsequently, if 
ovulation occurs, a new follicular wave emerges approximately 1.5 to 2 days later. GnRH does not 
cause ovulation if the stage of follicle development is in the first 3 days of a spontaneous follicular 
wave. The newly induced wave, or a spontaneous wave if ovulation does not occur, is allowed to 
develop, with selection and dominance of a DF during the following 7 days. At that time, PGF2� was 
administered to induce luteolysis, thus allowing for further growth and maturation of the DF. Then, 48 
hours later, a second GnRH injection induces a preovulatory luteinizing hormone (LH) surge that 
triggers ovulation approximately 28 hours after treatment with GnRH. Cows treated with Ovsynch 
demonstrated overall conception rate similar to those obtained in cows that had been bred to detected 
estrus (37% versus 39%). AI at 16 hours after the final GnRH injection, when administered 48 hours 
after PGF2� administration, results in the highest conception rate, compared with AI at 0, 8, 24, and 
32 hours after the final GnRH dose.  
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2.4. Estrous Cycle in Buffalo-Cows 

2.4.1. Ovarian dynamics 

 Buffalo has estrous cycles with 1, 2 or 3 follicular waves; that 2-wave cycles are the most 
common; and that the number of waves in a cycle is associated with the luteal phase and with estrous 
cycle length. The first wave begin at 1.00, 1.16 and 1.10 days in buffalo with 1, 2 and 3 waves, 
respectively (ovulation = day 0). The second wave appears at 10.83 and 9.30 days for the 2 and 3 wave 
cycle animals, respectively. The third wave starts at 16.80 day. Structural persistence of the first 
dominant follicle is longer in the 2- than 3-wave cycles (20.67 vs. 17.90 days). The duration of the 
growth and static phases of the first dominant follicle differs between the 2 and 3 wave cycles, 
whereas there are no differences in linear growth rates (cm/d). Two and three wave cycles differs with 
respect to the maximum diameter of both the first dominant follicle (1.51 vs. 1.33 cm) and the 
ovulatory follicles (1.55 vs. 1.34 cm). No relationship is found between dominant follicle development 
and the presence of either a CL or a previous dominant follicle in either ovary. Two and three wave 
cycles also differs with respect to the mean length of intervals between ovulation (22.27 vs. 24.50 
days) and the mean length of luteal phases (10.40 vs. 12.66 days). 

 In swamp buffalo, estrus occurs throughout the year. The estrous cycles corresponding to 
single ovarian cycles ranges from 11 to 38 days with a mode interval of 20 days, averages 21.5 days. 
Percentage of the cycles within a range of a mean (17-26 days) was 79.2%, whereas that of cycles 
shorter or longer than the expected range is 9.4% and 11.4%, respectively. Estrus takes place 
regardless of the time of day and lasts 9 to 27 hr (19.9+/-4.4 hr). Ovulation occurs 6 to 21 hr (13.9 hr) 
after the end of estrus, with a mode interval of 12 hr. There are no significant seasonal variations in the 
estrus characteristics between the two models.  

2.4.2. Estrous behavior 

 In a study on Murrah buffaloes, swollen vulva was the best indicator of estrus followed by 
excitement and chasing by bull (90%). The first and longest duration of estrus signs was swollen 
vulva, which was seen up to 21.6–1.1 h after onset of estrus. In another study on the same buffalo 
breed, the vulval discharge of clear mucus in varying quantities in a recumbent animal, even in silent 
heat, was the most reliable single sign of heat in buffalo heifers. Acceptance of male is the most 
accurate indicator (Fig. 9D). Of the other signs observed, wall walking (segregation) and bellowing 
confirmed estrus in 83.69% and 80.43%, respectively, while placid response of the animal to the 
placing of palm of hand on the rump and response to light massage of vulval lips were seen in 86.95% 
and 83.69%, respectively. Based upon the degree of manifestation of estrous symptoms, intensity of 
estrus was divided into four categories. Four daily observations of the animal for important symptoms 
of heat a few days before the expected estrus could make estrous detection a sure success. In Egyptian 
buffaloes, the estrus symptoms in buffaloes were less intense than in cattle and there was no 
homosexual activity. Proestrus occurred in 43% of the cases with an average duration of 21.20 hr. 
whilst metestrus occurred in 67% of the cases with an average duration of 19.20 hr. The average 
duration of oestrus was 28.47 hr. The onset and cessation of oestrus were either abrupt or gradual. The 
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phenomenon �split oestrus� was observed intervening normal cycles. This was not characteristic of the 
individuals. 

2.4.3. Endocrine control of the estrous cycle 

 Plasma progesterone concentrations are lowest (0.30 ng/ml) during the peri-estrous phase and 
increase through the early luteal phase to a maximum concentration (1.94 ng/ml) during the mid-luteal 
phase. Circulating plasma inhibin and estradiol concentrations are lowest (0.31 and 11.04 ng/ml) 
during the mid-luteal phase; increase through the late luteal phase to maximum concentrations  
(0.44 and 22.48 ng/ml) during the peri-estrous phase. Plasma FSH concentrations are lowest during 
the early luteal phase and increase through the mid-luteal phase to a maximum concentration during 
the peri-estrous phase. Peripheral prolactin concentrations are lowest during the late luteal phase and 
increase to a maximum concentration during the peri-estrous phase which then decline during the early 
luteal phase. Peripheral plasma cortisol concentrations decrease from 2.68 ng/ml during the early 
luteal phase to 1.43 ng/ml during the mid-luteal phase then increase to 2.06–0.17 ng/ml during the late 
luteal phase. Plasma T3 concentrations decrease from the late luteal phase to the peri-estrous phase 
which then increased during the early luteal phase. T4 concentrations increase from the late luteal 
phase to the peri-estrous phase then decrease during the early luteal phase. 

2.4.4. Estrus synchronization 

 Responses of two types of PGF2� were studied in buffalo-cows. Ninety-three percent of the 
buffaloes came in estrus with a mean interval to the onset of estrus of 73 hours following injection of 
PGF2�. The sign of estrus and behavioral changes revealed that 56.25% of the experimental animals 
showed mucus discharge followed by frequent urination (37.5%), mounting (25%), and swelling of the 
vulva (18.75%).  

 A study was conducted by the authors to compare two estrus synchronization protocols in 
buffaloes. Animals were divided into two groups: Group A received 100 µg GnRH on Day 0, 375 µg 
PGF2� on Day 7 and 100 µg GnRH on Day 9 (Ovsynch); Group B received an intravaginal drug 
release device (PRID®) containing 1.55 g progesterone and a capsule with 10 mg estradiol benzoate 
for 10 days and were treated with a luteolytic dose of PGF2� and 1000 IU PMSG at the time of 
PRIDfi withdrawal. Animals were inseminated twice 18 and 42 h after the second injection of GnRH 
(Group A) and 60 and 84 h after PGF2� and PMSG injections (Group B). The findings indicated that 
treatment with PRIDfi can induce ovulation in non-cyclic buffalo cows. However, synchronization of 
estrus with Ovsynch resulted in a higher pregnancy rate compared with synchronization with PRID®, 
particularly in cyclic buffalo. 

 Another study by the authors aimed to evaluate ovarian dynamics and progesterone 
concentrations in cyclic (CYC) and non-cyclic (NCY) buffalo-cows during Ovsynch program. All 
buffalo-cows received GnRH on day 0, PGF2� on day 7, and GnRH on day 9, and AI 14 h later. 
Ovarian structures were monitored by ultrasound and milk samples were collected for progesterone 
(P4) analysis. The first GnRH resulted in ovulation in CYC (90%) and NCY (62.5%) cows. By day 7, 
almost all cows had large follicle and lutein tissue. Luteolytic responses to PGF2� were 80 and 87.5% 
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cannot hear, smell, or see the ram. Sheep and goats do not mount, or stand to be mounted, as often as 
cattle do.   

2.5.3. Endocrine control of the estrous cycle 

 The temporal relationships between LH, estradiol and progesterone in peripheral serum of the 
ewe were characterized throughout the estrous cycle. Between successive preovulatory LH surges, 
serum concentrations of LH fluctuated markedly in a manner indicative of pulsatile discharges. Mean 
serum LH and progesterone concentrations were inversely related, LH being highest during the early 
and late luteal phases of the estrous cycle and lowest in the mid-luteal phase. A progressive, 5-fold 
increase in serum LH concentrations occurred between the onset of the precipitous fall in circulating 
progesterone attendant to luteolysis and the initiation of the preovulatory LH surge. Two major 
increments in circulating estradiol were observed in each cycle, both occurring when serum LH 
concentrations were relatively high. One estradiol increment occurred during the early luteal phase, 
the other during the 2�3 days prior to onset of the preovulatory LH surge. The latter estradiol 
increment thus accompanied the progressive, 5- fold increase in circulating LH which precedes the LH 
surge. These observations are inconsistent with the view that tonic LH secretion in the ewe is solely a 
function of a negative feedback action of estradiol. Rather, the temporal relationships between 
circulating hormones, in conjunction with recent findings that progesterone can inhibit tonic LH 
secretion in the ewe, lead to the conclusion that progesterone plays a major role in the regulation of 
tonic LH secretion during the estrous cycle of sheep. 

 Progesterone, estrogen, LH, FSH and PRL variations in plasma were measured in goats. Mean 
progesterone level was 0.0-0.8 ng/ml in estrus and 1-4 ng/ml in diestrus. Estrogen levels ranged from 
10 to 20 pg/ml in diestrus; around estrus, a peak of 26.9 +/- 3.18 pg/ml was observed. LH values were 
0.5-3.0 ng/ml with a preovulatory peak (40.7 +/- 10.12 ng/ml) 8 to 24 h after the onset of estrus. 
Except for a peak (14.0 +/- 3.09 ng/ml) coincident with LH surge, plasma FSH level ranged between  
2 and 4 ng/ml. PRL level averaged 2-5 ng/ml in diestrus but high concentrations of this hormone were 
seen around estrus. 

2.5.4. Estrus synchronization 

 Estrus synchronization in sheep and goats is achieved by control of the luteal phase of the 
estrous cycle, either by providing exogenous progesterone or by inducing premature luteolysis. The 
latter approach is not applicable during seasonal anestrus, whereas exogenous progesterone in 
combination with gonadotropin can be used to induce and synchronize estrus in anovular does and 
ewes.  

 A study was aimed at finding the best synchronization method in early anestrous season in 
ewes. The study was performed on Kalkuhi ewes. The ewes were randomly divided into 3 equal 
groups. In group A intra vaginal sponge containing 60 mg of MPA was left in the vagina for 14 days. 
In group B intra vaginal CIDR (Fig. 11B) was left for 12 days. Immediately after removal of the 
Sponge and CIDR, PMSG hormone at the doses of 500 IU was administered intramuscularly in both 
groups. Group C received two injections of prostaglandin (Lutalyse 3 cc) 11 days apart. After the 
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treatment, 5 fertile rams were released among each group for 4 days. This practice was then repeated 
after 15 days to detect the estrus ewes. The percentage of gestation of the ewes in all groups was then 
recorded to compare the effect of the treatments. The results showed that while %45 of the ewes in 
group A and %35 in group B were gestated, the statistic for group C was %70. The study suggests that 
in transitional period from estrus to anestrous, synchronization with PG yields better results than other 
methods in Kalkuhi ewes. 

 Also, a study performed by the author was aimed to evaluate three regimes for estrus and 
ovulation synchronization in Farafra ewes in the subtropics. During autumn, ewes were assigned to  
(i) controlled internal drug releasing (CIDR)-eCG group, treated with CIDR for 12 days and eCG at 
insert withdrawal; (ii) PGF2�-PGF2� group, treated with two PGF2� injections at 11 days interval; 
and (iii) GnRH-PGF2�-GnRH group, treated with GnRH, followed 5 days later with PGF2� and 24 h 
later with a second GnRH. Oestrus-mating detection was carried out at 4 h intervals starting on  
day 0 [the day of CIDR withdrawal (CIDR-eCG group), the day of second PGF2� treatment (PGF2�-
PGF2� group) and the day of PGF2� treatment (GnRH-PGF2�-GnRH group). The obtained results 
showed that, oestrus expression, ovulation and conception were greater in CIDR-eCG and PGF2�-
PGF2� groups than in GnRH-PGF2�-GnRH group. All ewes of PGF2�-PGF2� group presented, on 
day of second PGF2� injection with mature CL (P4>2.0 ng/ml), compared to 42.9% in GnRH-
PGF2�-GnRH group. The peak of oestrus occurred 32-52, 48-60 and 28-96 h after the end of 
treatment in CIDR-eCG, PGF2�-PGF2� and GnRH-PGF2�-GnRH groups, respectively. Ovulation 
started 48 h after treatment in all groups and extended for 24, 36 and 48 h for CIDR-eCG, PGF2�-
PGF2� and GnRH-PGF2�-GnRH groups, respectively. Results demonstrated that oestrus and 
ovulation synchronization could be efficiently achieved in Farafra ewes using either CIDR-eCG or 
PGF2�-PGF2� regimes; however, the GnRH-PGF2�-GnRH treatment induced a more spread oestrus 
and ovulation that may make the protocol inadequate for timed artificial insemination.  

 The efficiency of medroxyprogesterone acetate (MAP) and fluorogestone acetate (FGA) 
sponges (Fig. 11D) with or without PGF2� (cloprostenol) for synchronizing estrous in non-lactating 
does was investigated during the natural breeding season. Does were treated for 11 days with 60 mg 
MAP or 40 mg FGA sponges. All does also receive intramuscular injections of 500 IU PMSG. 
Cervical artificial insemination (AI) with diluted fresh semen was performed at a fixed time (36 and 
48 h) following progestagen withdrawal. These results indicate that, the use of MAP/PMSG and 
FGA/PMSG intravaginal progestagen treatments are equally efficient in synchronizing estrous in non-
lactating hair goats during the natural breeding season. 

 Using PMSG or equine chorionic gonadotropin (eCG) is similar to using FSH and LH. These 
hormones promote follicular growth and development and can be applied intramuscularly 48 hours 
before or at the moment of withdrawing the CIDR on day 8 or 18. After withdrawing the CIDR 
apparatus, apply 300 IU to 500 IU of PMSG intramuscularly. Artificial insemination can be conducted 
by appointment 54 hours after removing CIDR. The pregnancy rate is 50 percent using this method. 

 Prostaglandin PGF2� has also been used effectively to synchronize estrus in goats. PGF2� 
promotes luteolysis or corpus luteum regression and lowers progesterone levels. Progesterone acts on 
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the pituitary gland, inhibiting FSH and LH secretions. A doe responds to prostaglandin treatment if 
there is an active CL in the ovary. This method is effective only if applied in cycling does, and it can 
be applied following the introduction of the teaser or male effect. Prostaglandins can be found on the 
market as the natural product dinoprost tromethamine or as the synthetic product cloprostenol. A 
method of synchronization consists of two injections of cloprostenol or a synthetic prostaglandin 
(PGF2�) compound given at 62.5, 125, or 250 ml intramuscularly in 10- to 14-day intervals. 
However, this method is only effective in synchronizing does during the breeding season when they 
are cycling and have an active corpus luteum. Cloprostenol can be administered between day 5 and 
day 16 of spontaneous estrous cycle; the dose is 16mg, 8 mg twice intramuscularly, 11 days apart. 
Artificial insemination must be performed 50 hours after the last injection of prostaglandin. These 
protocols can be used only in cycling does or during the cyclicity period, offering over 90 percent 
efficacy. 

 A study assessed the efficacy of an Ovsynch protocol (vs. the classical cronolone containing 
vaginal sponge + eCG treatment) to generate fixed-time insemination in goats during the breeding 
season. Each regimen was applied to 24 Boer goat does. Onset and duration of estrus were determined 
with an aproned male and follicular development was monitored by ultrasonography. Ovulation and 
quality of the corpora lutea were established from progesterone concentrations. In 10�11 goats per 
group, LH concentrations were determined throughout the preovulatory period. Does were 
inseminated at pre-determined times (16 h after the second GnRH injection and 43 h after sponge 
removal). Estrus was identified in 96% of the Ovsynch-treated goats (at 49 h after prostaglandin 
injection) and in 100% of the goats synchronized with sponges (at 37 h after sponge removal). Low 
progesterone concentrations at the time of AI were observed in 21/24 and 24/24 goats synchronized by 
Ovsynch and sponges, respectively. Synchronization of the LH surge was tighter following Ovsynch 
compared to sponge treatment. Kidding rates (at 58 and 46% in the Ovsynch and sponge groups, 
respectively) and prolificacy (at 1.86 and 1.83 in the Ovsynch- and sponge-treated goats) were similar 
for both groups, as were the number of ovulations (2.9 and 3.3) and the proportion of does with 
premature corpus luteum regression (29 and 17%). When excluding does with premature luteal 
regression and those with low progesterone levels when receiving prostaglandins, kidding rate reached 
87.5% (14/16) after Ovsynch. During the breeding season, the Ovsynch protocol may thus be an useful 
alternative to the sponge�eCG treatment. 

 The buck or "male effect" is an effective management practice that requires a minimal amount 
of labor and cost. The pheromone of the buck will stimulate the hypothalamus of the does to segregate 
GnRH that, in turn, stimulates the anterior pituitary gland to secret FSH and LH. Ovulation in a 
proportion of does can occur within 24 to 72 hours after male exposure. The first male-induced 
ovulations in noncycling does may result in short cycles of 5 days. Doe fertility rate is increased by  
15 percent after the second and third estrus following buck exposure. To achieve the buck effect, does 
must remain isolated from males for at least 30 days. Does that have been in constant contact with the 
males during anestrus will take longer to begin cycling when reintroduced to the buck. However, heat 
followed by ovulation can vary according to body condition and the health status of the herd. 
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 Controlling photoperiod is another management alternative that does not require hormonal 
treatment; however, this method requires adequate facilities and labor. It is a well-applied practice in 
dairy goat management of induction of heat and ovulation. This method consists of controlling 
exposure to daylight in an effort to mimic short-day periods. 

 Does and bucks are confined to separate pens where they encounter alternating light exposure 
consisting of a long photoperiod followed by short-day darkness, such as 16 hours of light exposure 
and 8 hours of darkness. Then, there is a short period of light exposure followed by a long period of 
light exposure, such as 8 hours of light to 16 hours of darkness. This protocol should be applied in  
90-day intervals. It will result in LH pulses to stimulate ovarian activity. Cyclicity will begin after 40 
to 70 days for mature does and after 70 days for yearlings. This method has a 90 percent success rate. 
Does do not require hormonal treatments, but they require adequate facilities. 
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Table 2: Estrous cycle in farm animals 

 Female 
camels 

Mares Cows Buffalo-cows Ewe and doe 

Breeding 
season 

Cool months spring and early 
summer (long 
days)* 

all over the year all over the year late summer and 
fall (short 
days)** 

Estrous cycle 
length 

24 days 22 days 21 days 21 days Ewe: 16.5 days 
Doe: 20 days 

Estrus phase 
(heat) 

5 days 5 days 18 hours 18 hours Ewe: 36 hours 
Doe: 48 hours 

Estrus 
behavior 

sternal 
position, 
seeking male, 
urination, 
moisted vulva, 
switching tail  

raising tail, 
urination, 
rhythmic 
contraction of 
the clitoris, 
accept the male 

clear viscous 
discharge from 
vulva, mounting 
other animals, 
stand to be 
mounted 

bellowing, 
moving, accept 
the male 

seeking and 
accept the male, 
moisted vulva, 
frequent 
urination stance 

Type of 
ovulation 

induced spontaneous spontaneous spontaneous spontaneous 

Time of 
ovulation 

32 hours after 
mating 

38 hours before 
end of the estrus 

12 hours after 
end of the estrus 

12 hours after 
end of the estrus 

toward the end 
of estrus 

Mating time first day of 
estrus 

2nd  and 4th days 
of estrus  

12 hours after 
estrus beginning 

12 hours after 
estrus beginning 

first day of 
estrus 

* In subtropics: all over the year 

** In subtropics: all over the year 
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Fig. 9: Estrus symptoms, mating behavior and hormonal control of the estrous cycle in farm 
animals (Berlin-Germany, Qassim-KSA, 1998-2010).  
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Fig. 10: Techniques for detecting estrus in farm animals (Berlin-Germany 1995-2000; 
www.uaex.edu).  
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Fig.  11: Synchronization tools (Assiut-Egypt, 2005). 
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Chapter 3 

Reproductive Efficiency and Management of the Female Animals 

Reproduction is a vital factor in determining the efficiency of animal production. Good reproductive 
performance is essential to efficient management and production as a whole, although specific 
reproductive targets may depend to an extent on local conditions and on individual farm systems and 
targets.  

 Puberty is defined as the onset of the first estrus associated with a potentially fertile ovulation 
that is followed by a luteal phase of normal duration. Puberty represents only the onset of sexual 
maturation, which actually is not achieved until the female reaches the maturity characteristic of her 
breed. Puberty occurs when gonadotropins (FSH and LH) are produced at high levels enough to 
initiate follicle growth, oocyte maturation, and ovulation. Follicle growth can be detected several 
months before puberty. As puberty approaches, pulse-like releases of gonadotropins become more 
frequent and of higher amplitude. When they approach adult levels, they stimulate resumption of 
oocyte maturation and ovulation occurs. A number of environmental factors have a pronounced effect 
on age at puberty. In general, any factor which slows growth rate, thus preventing expression of full 
genetic potential, will delay puberty. High environmental temperature delays puberty.  

Comparison of the reproductive performance and management systems in farm animals are shown in 
Table (3) and Fig. (12).  

 

3.1. Reproductive Efficiency and Management in Female Camels 

3.1.1. Reproductive efficiency 

 Sexual activity in dromedaries and bactrians has been reported to start as early as 2 - 3 years 
of age but usually they are not bred until they are 4 years old. There are several factors that can 
influence the age of the onset of puberty, such as nutrition, season of birth and breed of camel. The 
most important factors being the nutrition and adequate growth, as these seem to influence the onset of 
ovarian activity and chances of conceiving and carrying the pregnancy to term. If females are bred 
before they reach 70% of their adult body weight they run a greater risk of abortion. Induction of 
puberty at as early as 1.5 - 2.5 years has been attempted by several people using single or multiple 
injections of equine Chorionic Gonadotrophin (eCG: 1000 - 7000 i.u.; Folligon) but even though the 
majority of females responded to such treatment, the incidence of early embryonic death was high. In 
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addition, the calves born to eCG treated females lagged behind in their growth and development up to 
14 months of age. Thus trying to advance the age of first conception using this treatment cannot be 
recommended.  

 Reproductive efficiency in the female camels under natural condition is low when compared 
with other domesticated species. For example, the calving rate of approximately 40% for 30 herds has 
been reported in Tunisia and a mortality rate of 17% between birth and 1 yr of age. This is probably 
due to the relatively short breeding season, a longer prepubertal period, a long gestation period of  
13 months, a prolonged (8–10 months) period of lactation-related anestrus leading to a long inter-
calving interval, and the lack of use of efficient assisted reproductive techniques such as embryo 
transfer and artificial insemination. The low fertility rate in camels may be due to non-developing 
follicles, embryonic mortality and abnormal anatomical features of genital organs of the she-camel, 
failure of females to ovulate when mating and poor semen quality.  Improvement of management 
conditions is very likely to increase the fertility rate above 50% in camels. Eighty percent of animals 
have a calving interval of at least 2 years and 73 do not rebreed within 12 months of calving. Calving 
rate averaged only 40% in a Soviet camel ranch, 41% in Egyptian camels, 9.82 - 60% (average 39.2 
during 1959 to 1984 and 35.38 and 51.47% during 1985 and 1986, respectively) in Indian Bikaneri 
camel and 39.1% in dromedary camel in Libya. The wide year to year variations were due to 
inconsistent management in the different years. Unplanned breeding, malnutrition and poor 
management practices result in low calving rate. The maximum calving was during January, followed 
by February March, December, April, May and November, respectively. Ratios of male to females 
during the breeding season were stated to be 1 male to 5-7 females and 1 male to 50-80 females. A 
male camel can serve up to 50 females in a season and 70 females when it is very well fed. Moreover, 
one camel stallion can breed three females per day at the peak of the breeding season depending on 
levels of management and health. The recommended ratio is 1 male to 20-25 females. Keeping extra 
males is desirable to provide genetic diversity and to check inbreeding and for wider and efficient 
selection Herd growth in camels is affected by late age at first calving, limited breeding season and 
opportunity, prolonged calving interval, low plane of nutrition, poor management practices, diseases 
and frequent prenatal losses Improvement of the reproductive efficiency of the camel could be very 
acceptable if a calf per each she-camel is produced every 2 years. Maintaining adequate nutritional 
level, advancing puberty, achieving conception outside the breeding season and shortening the days 
open, may be beneficial, in that respect. The use of A.I. may realize that level of the reproductive 
efficiency. 

3.1.2. Reproductive management 

 The introduction of controlled breeding programs is important but several problems have to be 
considered. For example, estrous behavior is very vague and difficult to interpret, as it does not often 
relate to follicular development in the ovaries. In addition, all camelids are induced ovulators that 
normally ovulate only in response to mating, so alternative methods of inducing ovulation, such as 
injecting gonadotrophic hormones, have been investigated. The use of embryo transfer is becoming 
increasingly important but involves the necessity to superovulate the donors and synchronize the 
recipients so that they ovulate preferably 24 h after the donor. Superovulation can be achieved using 
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exogenous gonadotrophins, although there is a high incidence of follicle luteinization before mating, 
of overstimulated ovaries and non-responsive females. The development of AI in camels is 
complicated by the difficulty of collecting semen and the gelatinous nature of the semen produced. 
However, diluting semen in Green Buffer and inseminating a minimum of 300 x 10(6) live 
spermatozoa has given encouraging results. The ability to control the follicular cycle of camels is 
leading to an improvement in reproductive efficiency. The ability of camels to cope with food shortage 
is the result of a long evolutionary process in natural conditions where food ability seasonally 
fluctuates.  

 In northern Kenya, using the Progeny History surveying technique, data were collected from 
471, 287 and 416 adult Rendille, Gabra and Somali female camels including data on 1506, 789 and 
1206 parturitions, respectively. Age at first calving was 58.4 months, 63.0±1.1 months and 68.4±1.3 
months for the Somali, Rendille and Gabra camels, respectively. The mean calving interval was 
similar for all three populations with 27.3 for Rendille camels, 28.0 for Gabra and 28.4 months for 
Somali camels. The annual calving rate varied between 33% and 46% in the Somali, 19% and 44% in 
the Gabra and 8% and 86% in the Rendille camel population. Calf mortality rate averaged 25%, 22% 
and 27% in Rendille, Gabra and Somali camel calves, respectively, and showed highest variation 
between the years in the Rendille system (5% to 60%). 

 Number of matings during the follicular cycle and data on conception rate were collected and 
analyzed in camels (Bikaneri, Jaisalmeri and Kachchi breeds) managed under semi-intensive system. 
Ovarian activity during breeding and non-breeding season was examined ultrasonographically. It was 
revealed that follicular growth and regression is a gradual and sequential process in absence of 
ovulation. Apart from breeding season, follicular growth was also observed in 50 percent of the 
camels during non-breeding season. An improvement of about 10 to 15 percent could be observed in 
conception rate when given 2 matings at interval of 72 hours as compared to single mating and  
2 matings at an interval of 24 to 48 hours.  

 In Libya, like other North Africa Arab Countries, the camels are concentrated mainly at the 
arid lands, where they are well adapted to the hard environment. A total number of 3120 heads of 
camels within 38 herds were included in this study. The management of camels in Libya is mainly of 
three types: continuous and temporary traveling, or permanent stay. Size of the herd differs greatly, 
with a mean number of about 82 herds ranging between 63-100 heads. Mature she-camel occupies 
between 50-60% of the total herd number, while the mature male camel, which are used for 
reproduction, does not exceed 2% of the total herd number. The rest include young male and female 
camels. Although reproductive activities in camels are mostly seen during October till April, there are 
evidences that some camels could breed naturally all around the year. Mean gestation period in the 
reproductive female camels was 375 days, ranging between 365-390 days affected by different factors. 
Sex-ratio of the new- born calves was about equal (almost 49.5 % males and 50.5 % females).  Female 
camels have good reproductive ability which reached about 72%, while the productive ability was 
about 67%. Some she-camels suffered from reproductive diseases affecting their reproductive and 
productive abilities. Such abnormalities include abortion (5%), dystocia (6%), retained placenta (about 
8%), and death of newborn calves (5%) within the first two weeks postpartum. 
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3.2. Reproductive Efficiency and Management in Mares 

3.2.1. Reproductive efficiency 

 Puberty commonly occurs at two years of age, but some mares ovulate as yearlings in late 
summer, especially if born early in the year. Factors that influence puberty are thought to include: 
photoperiod – a progressive increased day length is most effective at inducing puberty; good body-
condition score/nutrition anecdotally result in earlier puberty; pheromones from other mares in estrus 
may enhance the onset of puberty; training and/or the administration of anabolic agents may delay the 
onset of puberty. 

 In a study for the author and his co-workers on Arabian mares in Saudi Arabia, the age at first 
mating was 3 years; the horsemen organized themselves to mate their mares either in winter or allover 
year; most of the horsemen used natural mating (76.9%), some used both natural mating and artificial 
insemination AI (16%), while few used only AI (8%); the median estrus duration was 7 days and the 
estrus interval was 20 days; the overall pregnancy rate was 87 % (range 40-100%); the median number 
of cycles/pregnancy was 1.39 (range 1.1-2.36); the median pregnancy duration was 335 days (range 
320-360 days); the median interval from foaling to mating was 9 days (range 9-90 days); and the 
median weaning time was 6 months (range 5-8 months). In King Abdul Aziz Arabian Horses Center 
located at Dirab the median age at first foaling was 4 years (range 4-7 years); the reproductive life 
extended - in some mares up to 17 years; the maximum number of foals given by a mare was 11; the 
median number of foals/mares’ age was 0.39 (range 0.15-0.69); and the median foaling interval was 
15.9 months (range 11-34 months). 

 Horses have always been selected by man for breeding on the basis of their performance or 
conformation, i.e. they have never been selected for fertility. Pregnancy rates at any one heat may vary 
from 40–70% in large breeds of horse; this value is generally higher for ponies.  Some apparently 
normal mares require mating at up to four heats to become pregnant; others fail to conceive until the 
next season. Overall pregnancy rates at the end of the season vary between 50% and 90%, and this 
depends upon: fertility of the stallion;  fertility of the mares; value of the horses involved, i.e. intensive 
veterinary management of mares, where cost warrants this, results in better fertility, and very 
expensive stallions do not usually attract mares which have low fertility. Pregnancy loss, after 
confirmed conception, is about 15%; this figure is lower for ponies. 

3.2.2. Reproductive management 

 Good studs tease mares regularly and individually; this involves the employment of sufficient 
trained staff. Mare owners who want to transport their mare to the stallion when in heat must be aware 
that the mare may have fooled them, and that recently travelled mares may not be relaxed enough to 
accept service. Many mares which arrive at stud said by their owners to be in heat are not. Mares fail 
to exhibit heat for many reasons; this may be a management fault, but is more often a problem of the 
mare. The length of time for which a mare fails to show heat before veterinary advice is sought 
depends on the policy of the stud and the attitude of the owner. Such a decision should involve 
consideration of: the cost of veterinary treatment; the cost of keeping a mare at stud; the stage of the 
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breeding season. Veterinary attention to a brood mare may be of benefit to three different factions:  
(1) The stud in general: e.g. swabbing for venereal diseases  and postmortem examination of aborted 
fetuses and dead foals, i.e. identification of specific diseases, allows measures to be taken to prevent 
spread; (2) The mare owner: e.g. examination and treatment of mares not seen in heat, pregnancy 
diagnosis, treatment of mares with endometritis and examination of mares which repeatedly fail to 
hold to service; (3) The stud owner: e.g. examination to ascertain the time of ovulation so that the 
mare only needs to be mated on a limited number of occasions; if the stallion has a lot of mares 
booked to him (i.e. is popular) this procedure is necessary to facilitate organization of an efficient 
mating program. Mistakes made by mare owners which contribute to poor fertility include: presenting 
the mare for only one day when she is thought to be in season; taking the mare home after mating and 
assuming that failure to observe subsequent heat is a reliable indicator of pregnancy; not allowing the 
stud owner to request reasonable veterinary attention to the mare; presenting a mare to stud late in the 
breeding season on a whim or due to a leg or other injury which precludes other use of the mare. 

 There are many ways in which mares may be managed upon a stud. The method chosen 
depends upon the veterinary surgeon’s experience and stud manager’s ability. 

Extensive management: Veterinary surgeon visits weekly or twice weekly; mares teased daily. Mares 
should be mated every 48 hours until the end of estrus. 

Intensive management:  Veterinary surgeon visits stud daily or every other day; teasing uncommon; 
mares examined repeatedly and cycles manipulated; mares mated once during each cycle at an 
appropriate time in relation to ovulation. The intensive management system has several advantages 
and disadvantages: Improved knowledge of stage of the cycle; more accurate timing of mating; 
improved rate of conception to first service; mare gets pregnant sooner and spends less time at stud; 
more efficient use of the stallion; more efficient detection of abnormalities so that they can be dealt 
with rapidly; academically more interesting for the veterinary surgeon; increased cost, but this may be 
similar if the mare is managed extensively and does not get pregnant at the first mating. 

 

3.3. Reproductive Efficiency and Management in Cows 

3.3.1. Reproductive efficiency 

 Prepubertal heifers may have at least one anovulatory estrus that precedes their first normal 
cycle (13% to 22% of heifers at an average of 3 months before puberty), often called a nonpubertal 
estrus. Heifers fed the high-energy and protein diets were 15 d younger at conception and 14 d 
younger at calving than heifers fed the conventional diet. 

 Heifers born early in the calving seasons are usually heavier at weaning and reach puberty 
earlier than heifers born late in the calving season. Heifers must reach puberty by 13-14 months of age 
to calve as two-year-olds. Puberty is influenced by age, weight and breed. The onset of puberty, as 
well as of nonpubertal estrus, is influenced by several factors, including age, genotype, season, body 
weight, nutrition, and social rearing environment. Heifers should have their first calf by 2 years of age.  
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 In some countries, especially in the tropics, much of the cattle production could be described 
as multi-purpose, with cows being used to provide milk, meat, clothing, fertilizer, fuel, draft power 
and sometimes for status or as a form of currency. However, for the most part, cattle production may 
be divided into two sectors: dairy production and beef production. In much of mainland Europe and 
the developing countries, the same cattle are used as a source of both beef and milk and therefore have 
a ‘dual purpose’. The aim of breeding is to utilize individual parents of high quality in both 
characteristics. By contrast, in countries such as Australia, New Zealand, the USA, and Canada the 
functions of beef and milk production have been separated and selective improvement of livestock is 
directed towards a single characteristic. The situation in the UK is intermediate between these two 
extremes in that the beef and dairy industries are interdependent.  

 A cow is only likely to produce a single calf per year. In the dairy herd, the goal of ever-
increasing milk yields is often pursued to the exclusion of other factors. However, a cow will only 
begin to lactate effectively after calving and milk yield will eventually cease unless she calves again. 
Rearing and maintenance costs are high in intensive systems, so that any delay beyond two years to 
first calving, and any increase in calving interval beyond the optimum, is likely to cause a significant 
reduction in income. Calves are important both as heifer replacements and for the production of beef. 
The reproductive process is thus of vital importance.  

Factors affecting the calving to conception interval 

 In order to achieve a 365-day calving interval the calving to conception interval should not be 
more than 80–85 days. For the purpose of recording reproductive performance on the farm the calving 
to conception interval is often subdivided into two components: the calving to first service interval and 
the first service to conception interval. The calving to first service interval depends on (1) the re-
establishment of ovarian cycles after calving, and (2) the occurrence and detection of estrus.  

3.3.2. Reproductive Management 

 In order to maximize efficiency, and specifically reproductive efficiency, in a dairy or beef 
herd the farmer should (1) develop a series of targets, (2) manage the herd and individual cows so as to 
best achieve those targets efficiently and (3) evaluate performance on a regular, ongoing basis, in 
order to correct problems before they have a very serious impact on the attainment of the targets. The 
targets that need to be aimed for fall into a number of overall categories: culling and replacement 
policy; the rearing of heifer replacements and calving patterns. 

Culling and replacement policy 

 The policy for culling cows from the herd can have dramatic effects on the reproductive 
performance of the herd. Culling may be planned, i.e., deliberate policy, or unplanned, e.g., following 
disease or injury. To maximize genetic progress, a high proportion of cows should be culled each year 
and replaced with higher genetic merit heifers. On the other hand, cows need to remain in the herd for 
five or more lactations to maximize economic returns, and heifers in their first, second and even third 
lactations will not be yielding up to their genetic potential. Thus, culling rates should never exceed 
25%, and culling rates greater than 20% are not advisable in dairy herds. 
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Management to achieve reproductive targets 

 As a basic rule of thumb, cows should be served as soon as possible after day 60 postpartum. 
If the estrus detection rate is approximately 75% and there are no disease problems, then an average 
365-day interval should be achieved with little variation. There is often a temptation to start 
inseminating earlier, in case a subsequent estrus is not detected. Conception rates are likely to be 
lower, and subsequent death of the conceptus will be more likely, especially in high-yielding cows. In 
herds served too soon, the result may be that the average calving interval is close to 365 but that the 
variation is rather large. If the calving to conception interval is much less than 85 days (i.e., a 365-day 
calving interval), the presence of the fetus has a tendency to depress milk yield when it should be near 
maximum and at the end of lactation the cow will have to be dried off sooner than normal, while milk 
production is still high. It is also likely that the dry period would be too short to allow proper 
regeneration of the udder so that production will be low in the ensuing lactation. Conception later than 
85 days after calving will lead to calving intervals greater than 365 days, with serious economic 
consequences for many cows. High-yielding cows could continue to lose body condition until at least 
100 days after calving. Energy balance, calculated from daily measures of feed intake and milk output, 
returned to positive values at days 72, 75 and 95 in lactations 1, 2 and 3, respectively. It is thus clear 
that some cows not only achieve good economic performance at calving intervals of more than 365 
days, but also will have difficulty conceiving and maintaining their pregnancy if they are served on or 
before 85 days postpartum.  

Recording of reproductive performance 

 The keeping of accurate records is necessary for good herd reproductive management. 
Recording systems have been developed to a more sophisticated state for dairy cows, but records are 
equally important to maximize fertility in the beef herd. A number of types of recording systems are 
available. They include: a simple diary; event recording sheet; display board; computer systems; 
individual cow cards. The information that should be recorded (input) should include at a minimum: 
cow identity; calving date; estrus (bulling) dates; earliest date for service; service date; bull used for 
service; result of pregnancy diagnosis and other veterinary treatments. The recording system should be 
capable of quickly providing the following information (output): cows ready for service; cows not 
served by target date; cows ready for pregnancy diagnosis; cows pregnant; cows to be dried off 
(dairy); cows due to calve. Whilst a number of commercial computer recording and analysis packages 
are now available, the simple recording of information on the farm is still necessary. In addition to the 
output data described above these commercial packages usually provide periodic summaries of herd 
fertility status.  

Days Open 

 Better described as the calving-to-conception interval, in the past this was the most widely 
used parameter to assess “overall” reproductive performance in a herd. Calculated on an annual basis, 
days open has significant momentum and lag and is distorted by exclusions, culling, “do not breed” 
cows, and assumed outcomes. Different record systems deal with these issues in different ways. 
Nonetheless, it is a readily available and understandable parameter and so remains in widespread use. 
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In addition to the difficulties inherent in calculating average days open, depending too much on this 
single number may mask serious reproductive inefficiency from a wide distribution of individual cow 
performance. Suffice it to say, although some veterinarians will continue to use average days open as a 
historical assessment of reproductive efficiency, prudent practitioners will do so with care.  

Calving Interval 

 Although maintaining a short calving interval is the conceptual goal of reproductive 
management, the parameter itself is fraught with problems. As noted earlier, calculating an actual 
calving interval requires that a cow has calved twice. The parameter has severe momentum and 
excludes first-lactation animals and culled cows. It is the weakest monitor of a herd’s reproductive 
performance, and should not be used. 

 

3.4. Reproductive efficiency and Management in Buffalo-Cows 

3.4.1. Reproductive efficiency 

 The average age of first estrus, first conception and first calving were 406, 647 and 963 days 
respectively. The body weight at first estrus and first conception were 198 and 319 kg, respectively. 
The number of services/conception ranged from 1 to 7 with an average of 4.25. The number of silent 
heats/female ranged from 1 to 4 with an average of 1.65. The period elapsing from first estrus to first 
conception ranged from 52 to 438 days. Before conception, there was a period of anoestrus which 
ranged from 115 to 314 days; this was probably due to weak estrus symptoms. The live weights at 28, 
84, 140, 196, 252 and 308 days were correlated with the age and live weight at first estrus as well as 
the live weight at first conception. 

 Puberty is significantly affected by: breed; season; climate; feeding systems and growth rate. 
Buffalo may be considered to be seasonally polyestrous; the female River buffalo is active from July 
until the end of February. The peak of first matings occurs during autumn and winter. Swamp buffalo 
shows continuous cyclicity throughout the year, but a crop-associated seasonal pattern is observed. 

 The calving interval of buffaloes varies between 400 and 600 days, although longer calving 
intervals are no exception. Seasonal, nutritional and managerial factors play an important role. The 
first ovulation in river buffaloes does not generally occur before 55 days post partum, but may be 
delayed up to day 90 post partum when a suckling calf is present. The first estrus is detected after 130 
days post partum in suckled cows, but may be delayed much longer depending on nutritional and 
climate conditions. 

 Reproductive efficiency is hampered in female buffalo by the late attainment of puberty, 
seasonality of calving, long postpartum anoestrus and subsequent calving interval. Proper estrus 
management allows for more efficient planning of milk production, especially in larger herds and 
facilitates the use of artificial insemination. Essentially similar basic approaches are being used in 
buffaloes as there are in cattle. All of the pharmacological systems for estrus management used 
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3.5. Reproductive Efficiency and Management in Ewes and Does 

3.5.1. Reproductive efficiency 

 Most breeds of sheep will reach puberty when they are 40 to 50% of their mature weight, but 
breeding is recommended until they are about 65% of their mature weight. Age at puberty is affected 
by both genetic and environmental factors. Genetic factors can be seen by comparing of breeds within 
a species. Average age at puberty is 5 to 7 months for does and 6 to 9 months for ewes.  

 Sheep are short-day or fall breeders. Their breeding season is initiated as the ratio of daylight 
to darkness decreases and when increasing day length reaches a ratio of nearly equal daylight and 
darkness. For most breeds the season falls between the autumnal equinox and spring equinox. 
However, sheep may extend breeding seasons if environmental conditions (Nutrition and climate) are 
favorable. Moreover, sheep in tropics and subtropics area are not seasonal. Quiet ovulations (ovulation 
without behavioral estrus) occur more frequently at the beginning and at the end of the breeding 
season. Introduction of rams into the flock during the transition from anestrus to estrus (from late 
summer to early fall) will result in a high degree of synchrony in first mating, with estrus peaking  
15 to 20 days after introduction of the male. Most subtropical breeds reach puberty late, possibly due 
to low growth rates. 

 Although the genetic quality of a sheep and goat herd is important, reproductive traits in sheep 
have low heritability. Trying to improve the reproductive efficiency of a sheep and goat herd by 
genetic selection is slow and difficult. Reproductive traits are responsive to environmental influences, 
however, and they respond to careful herd reproductive management. Some important factors for 
sheep and goat producers that must be considered are age, weather, season, and nutrition.  

 Puberty, the time of first sexual activity, has a marked effect on lifetime production. Nutrition 
is a factor influencing the start of puberty. Overfeeding ewe lambs and doelings to get them to a heavy 
weight quickly, however, does not guarantee that a high percentage will show estrus early. They must 
also be old enough to cycle. Sheep are more susceptible than goats to high temperatures and humidity. 
Stress caused by high environmental temperatures can seriously affect fertility, embryo survival, and 
fetal development. High humidity increases the risk of heat stress at any air temperature. A rise in 
body temperature is what actually causes reproductive problems. Increased body temperatures occur 
most commonly from high environmental temperatures but can also be the result of disease, fever, or 
any other factor that increases body temperature for an extended time. The most critical period for 
conception and embryo survival in the ewe and doe is the first 21 to 30 days after breeding. As with 
ewes and does, fertility in rams and bucks is also affected by temperature and humidity. Heat stress 
created by environmental conditions or fever caused by diseases that significantly elevate body 
temperature for an extended time can interfere with sperm production and development, thus affecting 
semen quality. The fertility of rams and bucks can be affected within days of exposure to extreme 
heat, and it can take at least 6 to 10 weeks before sperm quality returns to normal. Shearing the ewe 
flock and rams 2 to 4 weeks before breeding can help reduce heat stress. Rams can also be turned out 
only at night during hot weather to minimize heat stress. Extremely cold temperatures can be harmful 
too, especially during bitterly cold weather with high wind and wind chill. The scrotum and even the 
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testicles can freeze in such extreme conditions. Periods of sickness, as stress factors, can also slow or 
stop sperm production temporarily.  

 The nutritional status of a herd is the most important factor influencing reproduction. It is also 
the factor over which the producer has the most control by either increasing or reducing nutrient 
consumption. The body condition of a ewe or doe strongly affects the following: the time at which 
puberty starts; the conception rate at first estrus in ewe lambs and doelings; the length of the 
postpartum interval; the health and vigor of newborn lambs and kids Body condition or changes in 
body condition before and during the breeding season affect reproductive performance in terms of 
services per conception, lambing and kidding intervals, and the percentages of open ewes and does. 
Ewes and does should be in good body condition at lambing and kidding and should maintain good 
body condition during the breeding season.  

3.5.2. Reproductive management 

 Pasture breeding and artificial insemination are the two methods of breeding used in sheep and 
goats, with pasture breeding being the most commonly used. The main advantage of pasture breeding 
is the reduction in required labor. After the rams and bucks are put in with the ewes and does, all that 
is required is an occasional visit to the pasture to see that the males are actually with the ewes and does 
and that the females are becoming pregnant. A marking harness can be used with sheep to help 
determine that the ram is mounting although this does not guarantee that breeding has occurred. 

 The number of ewes or does that a ram or buck can service under pasture breeding depends on 
the length of the breeding season, the age of the ram or buck, and the type of housing (pasture, 
paddock, range, etc.). Yearlings and two-year-olds are still growing and should avoid excessive loss of 
body weight during the breeding season. A good management practice in this case limits the number 
of females to 15 to 30. Producers must provide supplemental nutrition to young rams and bucks after 
their first breeding season to bring their body condition back. Remember, they are still growing. A 
young ram or buck should generally not be put in a pasture with an older, more experienced ram or 
buck because the younger males are often intimidated and sometimes injured by the older ones.  

The use of artificial insemination allows producers to use superior rams and bucks to dramatically 
improve lamb and kid performance in the areas of birth weight, weaning weight, and muscling. 
However, the rewards of artificial insemination depend on sound management.  

Alternatives to induce out-of-season estrus and estrus synchronization during the breeding season 

 A gestation period of 148 days makes it possible for a ewe or doe to give birth more than once 
a year. But because of the seasonality of anestrus, ewes and does do not cycle after spring kidding and 
lambing until late summer or early fall resulting in just one lamb or kid crop per year. If the ewe and 
doe could be induced to come into estrus and breed during this seasonal anestrus period, they could 
lamb and kid in the breeding season and produce three in two years (8-month interval) or twice a year 
(6-month interval). A possible breeding scheme would be to breed in January, then again in 
September. Out-of-season breeding programs help producers attempting to increase the profitability of 
their operations by increasing the supply of lamb and cabrito to the marketplace on a year-round basis. 
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Goats generally respond more favorably than sheep to out-of-season breeding. Two methods for 
inducing out of season estrus are light control (photo period) and the ram or buck effect.  

Light Control 

 Altering the day-length pattern by controlled lighting can be used to induce estrus. The change 
of day length from long days to short days initiates the estrous cycle in sheep and goats. Rams and 
bucks as well as ewes and does should be exposed to the same amount of light every day. Exposure of 
rams and bucks to short days will increase sperm production, mating activity, and semen quality. The 
amount of light should be reduced gradually over an 8- to 12-week period. 

Ram or Buck Effect 

 When a ram or buck is introduced to a group of females, the ewes and does come into estrus. 
This effect is known as the ram or buck effect. The male effect works best in breeds that are less 
seasonal and during the transitional breeding season (July through August) when most ewes and does 
have not yet begun to cycle but are almost ready. During the nonbreeding season, some females may 
even be stimulated to ovulate and express estrus. The male effect relies on females and males being 
totally isolated from each other for at least 1 month. Ewes and does must be far away from rams and 
bucks so no contact is made by either sight or smell. The initial ovulation will be a nondetectable 
“silent heat” at 3 to 4 days after the introduction of the ram and buck. Two peaks of estrus activity 
follow this around days 18 and 25. Ewes that do not conceive may cycle again in 17 days. In does, 
ovulation occurs 2 to 10 days after introduction of the buck. The male effect works because rams and 
bucks produce chemical substances called pheromones, the smell of which changes the reproductive 
physiology of the female and stimulates her to start cycling. The value of the ram or buck effect is the 
synchronization of estrus activity resulting in large numbers of ewes and does ovulating, conceiving, 
and birthing in a relatively short period of time. To be effective, it is important to have adequate 
numbers of young, healthy rams and bucks. Teaser or vasectomized ram and buck can also stimulate 
the ram or buck effect. 

Management factors affecting out-of- season-induced estrus and breeding 

 The management and care of ewes and does have an impact on the success of out-of-season 
breeding. They must be in good body condition, preferably gaining body weight at the time of 
breeding. Flush - a term meaning to provide excess energy - the ewe or doe before and during 
breeding. The start and duration of flushing depends on the body condition of the animals. Rams and 
bucks must also be in good body condition. Poor nutrition can decrease testicular size and sperm 
reserves at a time when the size and reserves are already smaller than during the breeding season. 
Production of spermatozoa takes 7 to 8 weeks. As a result, supplementary feeding must begin 8 weeks 
before the start of the breeding season to increase sperm reserves. Seasonal variations with respect to 
semen production, semen quality, and libido should also be considered. Elevated body temperatures 
from hot weather can cause temporary infertility. Shear rams 2 months before breeding and be sure 
that all wool is removed from the scrotum area. Another very important factor is to ensure that 
adequate ram power is available for out-of-season breeding. Rams are not able to breed as many ewes 
out of season. 
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Table 3: Reproductive performance of farm animals 

 Female 
camels 

Mares Cows Buffalo-cows Ewes and 
does 

Age of puberty 2-3 years 2 years 9 months 13 months 5-7 months 

Age of sexual 
maturity 

4-5 years 2-3 years 15 months 18-24 months 9-12 months 

Age at first 
parturition 

5-6 years 3-4 years 24 months 36 months 1-1.5 years 

First estrus after 
parturition 

3-8 months 9 days 35-45 days 60-120 days 60-90 days 

Duration of 
gestation 

12-13 
months 

335 days 275-290 days 315 days 150 days 

Interval between 
parturitions 

2 years 1-1.5 year 1 year 1.5 years 8-12 months 

Days open 8-12 months 9 days  60 days 60-120 days 60-90 days 

Number of 
services/conception 

2-4 1-3 1.5-2 2-3 1.2-2 

Conception rate 50% 60-70% 75-80% 70% 70-80% 

Birth weight 36 kg 45 – 55 kg 28-35 kg 40 kg 2.5-3 kg 
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Chapter 4 

Clinical Examination of the Female Reproductive Organs 

Clinical examination is a fundamental part of the process of veterinary diagnosis. Without a proficient 
clinical examination and an accurate diagnosis it is unlikely that the treatment, control, prognosis and 
welfare of animals will be optimized. Rectal examination, if properly conducted, represents the only 
practical method for examination of the genital organs of large farm animals. It is essential that any 
veterinarian engaged in conducting dairy or beef cattle reproductive herd health programs possess the 
skills to accurately and quickly evaluate internal genital organs by rectal palpation. This includes 
characterization of ovarian structures, recognition of pregnancy and diagnosis of genital organs 
pathology. The required skills can only be obtained by educating oneself regarding normal and 
abnormal findings, by extensive practice and experience in rectal palpation and by constant, careful 
evaluation of palpation records to assess accuracy. Bovine rectal palpation skills are required to 
diagnose pregnancy, stage the estrous cycle, diagnose internal genital organs pathology, assess 
previous treatment of internal genital organs pathology, to transfer fertilized ova between donors and 
recipients, and to artificially inseminate cows. 

 Rectal palpation of the uterus and its contents is the method of choice for pregnancy diagnosis 
and for estimation of the stage of pregnancy. The most important factors involved in uterine palpation 
are proper anatomical orientation and a thorough methodical evaluation of the entire length of the 
uterine horn. Before the actual examination is performed, the breeding history of the cow should be 
reviewed, including the date of the last calving, number of services, and information on any pathologic 
or disease condition previously affecting the reproductive organs. 

 Gray-scale B-mode ultrasonography is the most profound technological advance in the field of 
large animal research and clinical reproduction since the introduction of trans-rectal palpation and 
radioimmunoassay of circulating hormones. It is hard to imagine that many discoveries and procedures 
related to ovarian, uterine and fetal function that we use today would have been considered without the 
development of real-time ultrasound. The area that has arguably benefited more from the development 
of ultrasound technology than any other area is reproduction in large animals. In many cases, rectal 
palpation has been replaced by transrectal ultrasonography for pregnancy determination, and diagnosis 
associated with uterine and ovarian infections. In addition, ultrasonography has added benefits such as 
fetal sexing, early embryonic detection and is less invasive than rectal palpation. From a research 
standpoint, ultrasound has given us the ability to visually characterize the uterus, fetus, ovary, corpus 
luteum, and follicles. More accurate measurements of the reproductive organs has opened doors to 
new areas of research and validated or refuted data from past reports. 
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Characteristicsfeatures, methods of restrain, and technique of trans-rectal examination in large farm 
animals are shown in Table (4) and Figs. (13-15).  

 

4.1. Clinical Examination of the Reproductive Organs in Female Camels 

The reproductive organs of the female camels can be easily examined manually or using 
ultrasonography. First of all, the camel needs to be restrained either in stocks or in the sitting position 
either on the ground or on special tractors (Figs. 13A,B). The rectum is then emptied of feces before 
the transducer is introduced and rotated in the rectum over the top of the ovaries and uterus. After 
proper restraint and wearing of proper clothing and also proper lubrication, the operator must make a 
cone of his hand and push it inside the rectum. The anal sphincter dilates and the hand enters inside the 
rectum. The feces must be removed without taking out the hand completely. The genital organs lie 
usually on the pelvic floor in non-pregnant or during early pregnancy beneath the rectum and in the 
abdominal cavity during late gestation. The genital organs can thus be palpated indirectly by placing 
the hand in the rectum. The palpator must stop moving his arm during a peristaltic wave (while still 
keeping his hand inside the rectum) wait for 1-2 minutes and then start palpation again when the 
peristalsis has subsided. The ballooning of rectum can be easily removed, the operator must catch a 
pinch of rectal mucosa and move his hand back and forth (known as back racking) without completely 
taking it out. This will push the air inside, to the exterior and the rectal mucosa will then be closely 
over the operator’s hand. The genital organs can be located by sliding the hand in an arc like fashion 
from dorsal to ventral side. The genital organs can be pulled caudally when located at the pelvic brim 
or further, by retracting the broad ligament or hooking the inter-cornual ligament by the index finger 
(Fig. 14A). When the pregnancy is beyond 90 days this cannot usually be done and the operator has to 
move his hand further in the rectum, so as to locate the intra-abdominally placed uterus and palpate 
other diagnostic features of pregnancy. The corpus luteum formed on the camel ovary (ovulation is 
induced by mating) persists and is necessary for the entire gestation. The persistence of the corpus 
luteum is one of the earliest sign of pregnancy as otherwise; the luteal phase is very short. The corpus 
luteum is out of reach by day 90 of pregnancy. The left uterine horn is inherently longer than the right 
horn and this must be kept in mind when making pregnancy diagnosis in female camels. The earliest 
detection of uterine change (increase in diameter and appearance of fluctuation) is palpable at about 
40-15 days. Between 60-70 days, the left uterine horn is increased about twice to its non gravid size, 
has a thin wall and fluctuates. 

 

4.2. Clinical Examination of the Reproductive Organs in Mares 

4.2.1. Restrain of the mare 

 The level of restraint needed depends on experience of the handler, and temperament of mare, 
and quality and quantity of help available. Examination is most difficult in young undisciplined mares 
handled by amateurs, and easiest in old brood mares handled by experienced personnel. The presence 
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of a foal at foot may make examination of mares more difficult. No method of restraint is ideal. Some 
mares are vicious and kick when handled behind; these are uncommon. Most mares are apprehensive 
when examined for the first time and may need more restraint than subsequently. Most mares tend to 
walk forward or move sideways if only loosely restrained during examination. The presence (or 
absence) of the mare’s foal, or separation from a companion may make the mare uneasy, as can the 
sight of unfamiliar objects (clinician’s protective clothing, coloured sleeves, lubricant bottles, etc.). 
Examining mares in a field is made more difficult and more dangerous by the presence of other 
inquisitive horses. 

 Stocks are probably the best method of restraint but: the mare may not enter easily, especially 
for first time; the mare may be uneasy about being confined, especially initially; mares may try to 
jump out, especially to join a companion or foal (it may be possible to put the foal in the stocks with 
the mare, otherwise the foal is best placed directly in front of the stocks); ensure that the back panel of 
the stocks is low; stocks should be readily dismantleable as occasionally mares become cast (Fig. 
13D,E,F). 

 A twitch is a very useful method of restraint and may be the only form necessary for most 
mares, but: some owners resent the application of a twitch to their mare; some mares are very difficult 
to twitch; some mares won’t move when twitched, so position them correctly before hand; some mares 
try to go down when twitched tightly; twitching will not always control a willful mare; humane twitch 
is easy to apply and leaves no mark on the nose. Under field condition, using hobbles methods is a 
more practical one (Fig. 13D).  

4.2.2. Approach of the clinician 

 Avoid sudden movements and loud noises, but try to converse with helper in an even voice, or 
hum or whistle. When mare is not in stocks, approach her from the side, put one hand on the back, run 
it to base of the tail, grasp tail and pull it to one side.  At this stage, mare’s temperament and 
effectiveness of restraint will become apparent. Feel for discharge (wet or dried) on tail, and inspect 
perineum. For manual examination per rectum or per vaginam, the arm can be inserted initially 
without the operator standing directly behind the mare. As examination proceeds, more of the 
clinician’s body is behind the mare, but at this stage her likely reaction has been anticipated. For 
speculum vaginal examination, it is most convenient for an assistant to hold the tail (in a gloved hand) 
to allow the clinician a free hand to take the vulval lips apart.  

4.2.3. External examination 

 This may reveal: normal vulva – nearly vertical in position, no distortions (scarring) or 
discharges; sunken anus (due to old age, poor condition) – common in Thoroughbreds and causes 
cranio-dorsal displacement of dorsal commissure of the vulva. This encourages contamination of the 
vulva and vestibule by faeces, and predisposes to pneumovagina; mare with flat-crouped conformation 
– these mares often have a sunken anus and a resultant angulation of the vulva; vulva already sutured 
(Caslick’s operation) to prevent pneumovagina; lateral or dorsal tears to vulva; small vesicles or 
ulcerated areas due to coital exanthema (herpesvirus 3). Vulval discharge should not be confused with 
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small depigmented areas, which are common. It varies from sticky moistness at ventral commissure to 
frank discharge (wet or dried) on thighs and tail. A small amount of moisture is normal during oestrus, 
especially after covering, when a temporary purulent discharge may be seen; yellow urine stain 
(usually dry) on ventral commissure of vulva. Wet vulva usually denotes oestrus (but not always 
present) – due to increased urinary frequency when showing (winking). 

4.2.4. Manual examination per rectum 

 Due to the lateral position of the ovaries (Fig. 14B), one-handed rectal examination makes 
accurate palpation of the right ovary for the right-handed examiner (and vice versa) difficult if the 
mare is not well restrained. Wear a glove and use adequate lubricant. Mare usually resents passage of 
hand most and then the elbow. Completely evacuate rectum of faeces, and feel for uterine horns lying 
transversely in front of the pubis. Follow these laterally to the ovaries which are cranial to the shaft of 
the ileum. Always try to have the hand cranial to the structure which is to be palpated to allow 
sufficient rectum for manipulation. Do not stretch rectum laterally if tense; do not resist strong 
peristaltic contractions – otherwise rectum may tear (especially dorsally, i.e. not adjacent to 
examiner’s hand). If the rectum is ballooned with air, feel forward for peristaltic constriction and 
gently stroke with a finger to stimulate contraction. Ovaries often lie lateral to broad ligament and are 
difficult to palpate. They must be manipulated onto the cranio-medial aspect of the ligament for 
accurate palpation. Uterus is very difficult to palpate in anoestrus, easier during cycles and easiest 
during early (up to 60 days) pregnancy, due to increasing thickness and tone of the uterine wall. 
Cervix is palpated by sweeping fingertips ventrally from side to side in mid-pelvic area. It is easiest to 
feel during the luteal phase, but more difficult during oestrus and anoestrus. 

4.2.5. Visual examination per vaginam 

 Clean perineum and vulva with toilet paper, clean water or weak disinfectant. Moisten or 
lubricate speculum. After introducing speculum through vulval lips, push cranio-dorsally to clear brim 
of pubis. At this point there is often considerable resistance at the vestibulo-vaginal junction 
(occasionally the speculum tries to enter the urethra). When fully inserted (30 cm), you could view the 
vaginal walls and cervix. Make evaluation quickly, because artifactual reddening can occur following 
contact of speculum or air with vaginal wall. Evaluate shape, size, position, patency and colour of 
cervix and vaginal wall. 

4.2.6. Manual examination per vaginam 

 Clean vulva and insert lubricated gloved hand. Vagina should be dry in luteal phase and 
anestrus, moist in estrus, sticky mucus in pregnancy. Palpate cervix for shape, size and patency of 
canal. You may detect adhesions or fibrosis in the cervix. Do not force finger along cervical canal if 
there is a possibility of pregnancy. Mare’s cervix will allow gentle dilation, without causing damage, 
at all stages of the reproductive cycle. Manual examination may not be possible if mare’s vulva is 
sutured excessively tight. 
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4.2.7. Ultrasound examination per rectum 

 Safety is paramount and mares are ideally restrained in suitable stocks. Foals are best 
positioned either in front of the stocks or within the stocks adjacent to the mare. The rectum should be 
emptied of faecal material to ensure a good contact between the transducer and the rectal wall. 
Attempts to manipulate the transducer when the rectum is filled with faecal material may result in 
tearing of the rectal wall. Should the mare strain during the examination the transducer should be 
withdrawn. 

Imaging technique 

 The examination should be performed out of direct sunlight, since this can hinder 
interpretation of images on the ultrasound screen. The ultrasound transducer is usually held within the 
rectum in the sagittal (longitudinal) plane during imaging. The vestibule and vagina lie within the 
pelvis in the midline; these structures can be imaged with ultrasound but are indistinct.  The cervix is 
located cranial to the vagina approximately 20 cm cranial to the anal sphincter and can be identified as 
a heterogeneous, generally hyperechogenic, region with a rectangular outline.  The uterus is roughly 
T- or Y-shaped; therefore when using a linear ultrasound transducer the outline of the uterine body 
generally appears rectangular (the transducer is in a sagittal plane) whilst the outline of the uterine 
horns appears circular (the transducer whilst orientated in the sagittal plane is positioned in a 
transverse plane with respect to the uterine horn). The uterus has a central, homogeneous, relatively 
hypoechoic, region surrounded by a peripheral hyperechoic layer. The echogenicity of the 
endometrium and the uterine cross-sectional diameter vary during the oestrous cycle; during oestrus 
the diameter increases and the uterus becomes increasingly hypoechoic, with central radiating 
hyperechoic lines which are typical of endometrial oedema. The proximal uterine horns are of smaller 
diameter than the uterine body. The ovaries can be located by tracing the uterine horns laterally. 
Various sections of the ovaries are usually examined by rotation of the transducer; sections are usually 
taken from a medial position, and sequential sections of the ventral, mid, and dorsal portions of the 
ovaries are examined. Ovaries usually contain follicles (which are anechoic), and may contain luteal 
structures (which are relatively echogenic – varying shades of greywhite); the ovarian stroma may be 
difficult to appreciate since it may be surrounded by these structures, although it is generally 
hypoechoic in appearance. Endoscopy: the cervix is easily breached during oestrus in most normal 
mares. Inflation of gas into the uterus aids navigation of the endoscope and identification of structures. 
The body of the uterus, bifurcation, uterine horns, which narrow towards the tips, and the oviductal 
papillae are easily identified.  

4.2.8. Pre-breeding evaluation of the mare 

 Examiner should: 

1. Obtain the mare's previous breeding history  

2. Assess her physical condition, general health and perineal conformation  

3. Culture swab samples collected from the vestibule, clitoral fossa and sinuses  
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4. Examine the posterior organs per vaginam using a speculum, and collection of endometrial 

swabs for bacterial culture and stained smear  

5. Examine the vagina manually  

6. Examine the reproductive organs by rectal palpation  

7. Examine the reproductive organs by trans-rectal ultrasonography  

8. Obtain endometrial biopsy  

9. Examine the endometrium endoscopically 

10.  Obtain peripheral venous blood sample for hormone/chromosome analysis  

4.2.9. Clinical examination of the vulva 

 In the normal mare the vulva provides an effective barrier to protect the uterus from ascending 
infection. If the vulval seal is incompetent, pneumovagina may occur and the reproductive organs can 
become infected. The initial vaginitis may lead to cervicitis and acute endometritis resulting in 
subfertility. Caslick was the first to point out the importance of this condition in relation to genital 
infection. Defective vulval conformation can be (1) congenital, which is very rare or (2) acquired, 
which is due to (a) vulval stretching following repeated foalings, (b) injury to perineal tissue or  
(c) poor body condition. Older, pluriparous mares are more commonly affected with pneumovagina. 
However, young mares that are in work and have little body fat and/or poor vulval conformation can 
develop pneumovagina. In some mares, pneumovagina may only occur during estrus when the 
perineal tissues are more relaxed. A `Caslick index' has been described in an attempt to determine 
which mares require treatment, but its use is not widespread. Some mares make an obvious noise 
whilst walking, but in other mares the diagnosis may be more difficult. The presence of frothy 
exudates in the anterior vagina on examination with a speculum is pathognomonic. Rectal palpation of 
a ballooned vagina or uterus from which air can be expelled confirms the diagnosis. Real-time 
ultrasound examination of the uterus may reveal the presence of air as hyperechoic (white) foci. 
Cytological and histological examination of the endometrium may demonstrate significant numbers of 
neutrophils and eosinophils indicative of an endometritis. Treatment should be directed at correcting 
the physical pneumovaginitis and concurrently treating the acute endometritis. The former can be done 
surgically by Caslick's operation. However, when the angle of the vulval surface relative to the vertical 
is the primary deformity, Caslick's operation is ineffective, and perineal resection should be used to 
achieve a satisfactory vulval conformation.  

4.2.10. Clitoral Swabbing 

 Before the breeding season, swabs may be taken from the clitoral fossa and clitoral sinuses 
(only the central sinus may be obvious), and the vestibule. The perineal area of the mare should not be 
cleaned except for the removal of gross contamination of the vulva with faeces using a dry paper 
towel. A protective disposable glove should be worn by the veterinary surgeon on the hand used to 
evert the ventral commissure of the vulva and expose the clitoris. The swabs should be placed in 
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transport medium, clearly labeled with the mare's name and sent to a reputable laboratory. It is 
important to penetrate the clitoral sinus, and therefore a large swab tip should not be used. Swabs are 
cultured aerobically on blood and MacConkey agar particularly to screen for the presence of K. 
pneumoniae and P. aeruginosa. Microaerophilic culture on chocolate blood agar (with and without 
streptomycin) may also be done for the detection of CEMO. 

4.2.11. Clinical examination of the vagina 

 Vesicovaginal reflux, also known as urovagina and urine pooling, is the retention of 
incompletely voided urine in the vaginal fornix due to an exaggerated downward cranial slope of the 
vagina. Pneumovagina from a defective vulval conformation also predisposes to the condition. 
Transient urine pooling, which is sometimes found in postpartum mares, usually resolves after uterine 
involution has occurred. Uterine infection with an accumulation of exudates in the vaginal fornix can 
be confused with the condition. It can be treated surgically by vaginoplasty (perhaps more correctly 
termed caudal relocation of the transverse fold, as surgical intervention is in the vestibule), urethral 
extension or perineal resection. Vaginal bleeding from varicose veins in the remnants of the hymen at 
the dorsal vestibulovaginal junction is occasionally seen in older mares, particularly during oestrus. 
Treatment is not usually necessary as the varicose veins normally shrink spontaneously, although 
diathermy can be used. Manual vaginal examination of maiden mares often reveals the presence of 
hymen tissue which generally breaks down with pressure. A complete persistent hymen can also occur 
which can result in the accumulation of fluid within the vagina and uterus due to impaired natural 
drainage. Sometimes the hymen may be so tough that it can only be ruptured using a guarded scalpel 
blade or scissors. The small incision can then be enlarged using the fingers and hand. Rarely, failure of 
proper fusion of the Mullerian ducts may result in the presence of dorsoventral bands of fibrous tissue 
in the anterior vagina and fornix. They do not interfere with fertility and are easily broken down 
manually. 

4.2.12. Clinical examination of the cervix 

 The cervix, whilst forming an important protective physical barrier to protect the uterus, must 
also relax during oestrus to allow intrauterine ejaculation of semen at coitus and drainage of uterine 
fluid. A cervicitis is usually associated with endometritis and/or vaginitis. Fibrosis of the cervix often 
occurs in older mares, particularly maiden mares. Adhesions of the cervix arise from trauma at 
parturition or mating; they can be broken down manually, but this must be done daily to prevent 
recurrence. Artificial insemination has been used successfully in mares with an abnormally narrow 
cervix. Impaired cervical drainage of uterine fluid can predispose to chronic endometritis. Cervical 
lacerations may need surgical repair if severe. Developmental abnormalities of the cervix have been 
described; these include aplasia and a double cervix. 

4.2.13. Endometrial swabs and smears for diagnosis of endometritis  

 A diagnosis of endometritis can be made by collection of concurrent endometrial swab and 
smear samples during early estrus for bacteriological culture and cytological examination, 
respectively. This allows time for resolution prior to mating, and maximizes the chances of pregnancy. 
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The ideal technique should ensure that the swab enters the uterus and collects bacteria from only the 
uterine lumen. 

Two methods can be used:  

1. A non-guarded endometrial swab on a sterile extension rod is carefully passed via a sterile 
speculum through the cervix into the uterine body and, after withdrawal, is placed in transport 
medium. A second swab is taken immediately afterwards for the endometrial smear.  

2. A guarded swab is passed into the uterine lumen using a sterile speculum or enclosed in a 
disposable plastic arm-length glove. The swab tip is exposed only when it is in the uterine lumen. A 
second swab for cytological examination should again be taken. Swabs for culture should be plated on 
blood and MacConkey agar, and incubated at 37oC for 48 hours. Cultures should be examined at 24 
and 48 hours. An air-dried smear is made by gently rolling the second swab either on a Testsimplet 
(Boehringer Corporation), which is a pre-stained slide or a clean dry microscope slide. The smear can 
be differentially stained with a rapid stain such as Diff-Kwik (American Hospital Supplies). The 
stained smear should then be examined for the presence of inflammatory and endometrial cells the 
latter confirming contact of the swab with the endometrium Interpretation: A positive culture result, 
with no evidence of inflammatory cells in the smear (usually neutrophils), is likely to be due to 
contamination during collection. Diagnosis is based on the presence or absence of significant numbers 
of neutrophils in the smear. Very rarely, neutrophils can be detected, usually at the `foal heat' or the 
first oestrus of the breeding season in maiden mares, although there is no endometritis (Fig. 15). 

4.2.14. Endometrial biopsy 

 In some cases, endometrial biopsy may be a useful diagnostic aid. The technique involves the 
insertion of a biopsy instrument through the cervix and into the uterus. With the biopsy instrument in 
the uterine lumen, a gloved hand is inserted into the rectum to allow manipulation of the instrument 
into the desired position. The sample is taken by closing the jaws of the instrument and tugging 
sharply. To avoid damage, the tissue is carefully transferred into a fixative solution by dislodging it 
from the jaws of the punch with a fine hypodermic needle. The instrument most commonly used today 
is the Yeoman (basket-jawed) biopsy forceps, ideally 60cm to 70cm in length, with which tissue 
specimens 2 x 1cm (about 0.2% of the whole endometrial surface) are obtained. If the uterus appears 
normal on palpation, the sample should be taken from one of the areas of embryo fixation, i.e. the 
uterine horn--body junction on either side. Single samples are usually representative of the entire 
endometrium. If the uterus is abnormal on palpation per rectum, biopsy samples should be taken from 
both the affected area and a normal area. Biopsy specimens should be fixed in Bouin's fluid followed 
by sectioning and staining with haematoxylin and eosin. The endometrial biopsy sample should be 
sent to a laboratory that is experienced in evaluating samples. 

4.2.15. Detection of intraluminal uterine fluid using transrectal ultrasound imaging 

 Transrectal ultrasonography provides a non-invasive method of assessment of the uterus. If no 
free fluid is detected during estrus, then acute endometritis as detected in cytology is absent in 99% of 
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cases. Free fluid does not indicate inflammation. Endometrial cytology and culture fails to detect 
sterile fluid accumulations. 

4.3. Clinical examination of the reproductive organs in cows 

 For most dairy cows, the restraint required to perform a rectal palpation is minimal.  Usually a 
head gate or halter is sufficient (Fig. 13G). However, certain cows may require additional restraint 
such as a nose lead or having their tail forced firmly dorsally and cranially "jacking the tail" to 
decrease sudden side to side movements or kicking, both of which may cause injury to the examiner. 
Stocks are optimum for examination (Fig. 13H).  The examiner should wear a disposable plastic 
sleeve or latex obstetrical sleeve, and the sleeved hand and arm should be well coated with a non-
irritating, water soluble lubricant.  Disposable plastic sleeves may be worn inside out to keep the 
sleeve seam out of contact with the rectal mucosa.  Some practitioners tear off the fingers of the 
disposable plastic sleeve and wear a latex exam glove over the hand to increase tactile sensitivity and 
decrease irritation to the cow's rectum.  All jewelry must be removed from the hand and arm to be 
inserted into the cow's rectum and the examiner's finger nails should be trimmed and clean. 

Pelvic Cavity  

Because palpation of the uterus per rectum relies solely on the sense of touch, it is important for the 
examiner to be familiar with the bony landmarks within the pelvic cavity.  The importance of these 
landmarks will become clear as they are referred to in the pages to follow Placement of the gloved and 
lubricated hand into the rectum is achieved by holding one's hand in the shape of a cone and inserting 
the hand through the anus and into the rectum using a slow rotating motion with firm, but gentle 
pressure.  Advancing the hand in this manner often stimulates defecation. However, additional fecal 
material may need to be removed from the rectum manually. This may be done by cupping the hand 
and gently raking feces caudally toward the anus, allowing them to pass out of the anus beside the arm 
without removing one's hand. Occasionally during an exam, the rectum may become filled with air, 
causing the walls of the rectum to become distended. When this occurs, palpation of internal structures 
becomes virtually impossible. Normal peristalsis will expel this air, but the process may be expedited 
by reaching forward and hooking one's fingers through the peristaltic constriction band and gently 
pulling it caudally toward the anus, allowing air to escape beside the arm. It is common for the 
examiner to encounter peristaltic waves within the rectum during an examination period. These are felt 
as a constriction of the rectum that advances toward the anus.  The hand should never be forced 
through one of these waves. Instead, they should be allowed to pass over the hand and arm before 
proceeding with the examination. In small heifers, this too may be contraindicated, as even this 
amount of strain on rectal tissues may result in laceration.  If fresh blood, or clotted blood in excess of 
15 ml, is observed coming from the rectum during an exam, it is highly indicative of rectal rupture and 
requires immediate cessation of the exam and supportive therapy of the cow. Such incidences may 
result in sepsis, or in adhesions that can compromise reproductive function. This poses a serious health 
risk to the cow, and may result in a decision to cull. In general, vigorous examination should be 
avoided since it not only increases the risk of harm to the cow, but also induces more peristaltic waves 
and rectal tone, making palpation more difficult. The examiner will find that gentleness; care and 
patience will reduce injury to the cow, and increase the efficiency of the procedure.  
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Cervix 

Once the hand and arm are in the rectum, and feces and air have been removed, the process of uterine 
retraction and examination may proceed. The first step is to locate the cervix. Usually the cervix lies 
on the midline of the floor of the pelvic cavity, but may be displaced laterally by a full bladder or a 
short broad ligament.  To find the cervix, slide the hand down one wall of the pelvic cavity, and across 
the pelvic floor of the opposite wall, feeling for a firm, cylindrical, somewhat irregular structure lying 
parallel with the axis of the cow. This structure is the cervix, and should not be confused with any 
other structure in the pelvic cavity. Once located, the cervix can be grasped and, in the pregnant cow 
(or cow in early pregnancy), it should be freely movable. At this time the examiner should note the 
size, shape, form, consistency and position of the cervix. The annular folds of the cervical mucosa can 
be appreciated. Depending on the age and parity of the individual, the cervix of a normal cow can 
range from 5 to 12 cm in length and 2 to 6 cm in diameter, and changes little over the course of the 
estrous cycle.  In certain breeds (e.g. Guernsey, Shorthorn), the cervix itself may extend over the 
pelvic brim and lie partly in the abdominal cavity.  In the pregnant cow, the cervix becomes more 
enlarged.  

 Uterine retraction is initiated by grasping the cervix and pulling it dorsally and caudally.  One 
attempt should bring the uterine horns and broad ligament above the pelvic brim, but in some larger 
breeds or individuals with larger organs, this may need to be repeated. The uterus may then be held in 
place by putting the thumb under the uterine body and suspending it against the pelvic wall, leaving 
the fingers free to locate the broad ligament. Alternative, the hand is cupped and hold the uterine horns 
backwards (Fig. 14C).  

 While holding the uterus in place with the thumb, hook the remaining four digits around the 
anterior edge of the broad ligament, at the angle between the ovarian tip of the uterine horn and the 
ovary.  The broad ligament, at this point, should be slightly taught as the result of the cervical 
retraction performed previously.  However, it should be noted that this part of the procedure often 
proves to be one of the most challenging and problematic steps for the beginner. 

 With the fingers in contact with the broad ligament, run them ventrally and medially along its 
anterior edge to locate the uterine horn to which the ligament is attached.  With short, gentle 
movements of the fingers, gather the horn into the hand working medially toward the uterine 
bifurcation.  This is another step which is often difficult for the beginner who tends to lose hold of the 
horn. 

Bifurcation 

Once the fingers have reached the base of the uterine horn, the bifurcation of the horns can be 
appreciated.  At this time, the two intercornual ligaments can be palpated:  The dorsal intercornual 
ligament which is the smaller and thinner of the two, and the ventral intercornual ligament which is 
larger and thicker.  The ventral intercornual ligament will be used for retraction of the uterus, the 
dorsal one being too fragile for the task. Hook the tip of the middle finger under the ventral 
intercornual ligament, and pull the uterus dorsally and caudally into the pelvic cavity, reflecting the 
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uterus back on itself.  In order for the uterus to remain in place and allow effective examination of the 
uterine horns, the ventral intercornual ligament should be at the level of the ischiatic arch, the cervix 
should be upside down, and the uterine horns should be entirely within the pelvic cavity. This 
procedure works well in nonpregnant cows and in cows pregnant for less than 50 - 60 days. However, 
in cows pregnant for more than 65 days, or who have pyometra, hydrometra, or other uterine 
abnormalities causing the uterus to be enlarged, heavy and possibly friable, this procedure may not be 
effective.  Instead, such instances may require that the hand be passed beneath the uterine horns so that 
they may be lifted into the pelvic cavity.  In later pregnancy, or in a grossly enlarged uterus, retraction 
is not possible.  In some animals, especially nulliparous or primiparous ones, the uterus can be 
retracted simply by reaching forward and by directly locating the ventral intercornual ligament and 
reflecting the uterus caudally.  This method, however, is not routine, and often fails.   At any point 
during the retraction process peristaltic waves can occur and interfere with palpation, causing the 
examiner to lose hold of the uterus.  When such peristalsis occurs, one can keep the uterus in place by 
cupping one's hand and pressing the uterus to the floor or wall of the pelvic cavity.  Again, gentle 
manipulations will stimulate less peristaltic activity than vigorous palpation.  As one becomes more 
adept, the process can be achieved in less time, which also will decrease peristaltic interference.  It has 
been noted that wintering cows that are on dry, preserved feed have less peristaltic activity and rectal 
tone than cows on lush pasture in warmer seasons. 

 Once complete retraction of the uterine horns has been achieved, a thorough examination 
should be performed. Starting at the base of the horn at the bifurcation and working toward the tip, 
examine each horn for size, form, consistency, tone and contents.  It is important to be certain that the 
full extent of both uterine horns have been examined. Palpable qualities of the uterine horn change 
with reproductive and disease status of the cow. During a normal estrous cycle, uterine tone will begin 
to increase a few days before the onset of estrus, becoming fully toned at estrus. This condition will 
persist for about 2 days, and then tone will decrease as the cow enters the luteal phase of her cycle. 
During the luteal phase, the horns become soft and flaccid. Therefore, it is easier to identify and 
palpate the uterine horns during or close to estrus. Diagnosis of pregnancy is another important 
function of rectal palpation. In order to diagnose a pregnancy by palpation, one must detect one or 
more of the "positive signs of pregnancy":  1. Fetal membrane slip, which can be appreciated from 
about 30 days to term; 2. Amniotic vesicle, which is palpable between 30 - 65 days of pregnancy; 
3. Placentomes, palpable from about 75 days to term, and 4. Fetus, felt from about 65 - 70 days to 
term. Some consider fremitus (palpable turbulence) in the uterine artery a positive sign of pregnancy, 
since it is rarely present in a non-pregnant individual. Fremitus is palpated during pregnancy in the 
uterine artery ipsilateral to the pregnant horn. It should be noted that prolonged and vigorous palpation 
of a pregnant cow can increase the risk of early embryonic death. This occurs especially as a result of 
attempts to palpate the amnionic vesicle and the fetal membrane slip. Fewer problems are observed 
with palpation of fluctuation in the uterine horn. It is best, when palpating a cow in early pregnancy, to 
do so gently, and recheck her after 58 -60 days for confirmation. Uterine size decreases quite rapidly 
after parturition.  Normally, the uterus is small enough to allow palpation of its full extent by 7 - 10 
days post-partum. It should be at normal size by about 25 days, and should be completely involuted by 
42 - 46 days.  The cervix returns to normal at an even faster rate. 
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When thorough examination of the uterine horns is complete and the cow has been determined to be 
non-pregnant, or is pregnant but there is concern that there has been fetal death, one may proceed with 
palpation of the ovaries. The ovary is located by finding it in relation to the tip of the uterine horn, or 
by recapturing the broad ligament and locating the ovary which is suspended by the 
mesometrium. Once the ovary is found, it is held so that the ventral "free" border faces dorsally, while 
the dorsal "attached" border rests in the hand, placing the mesovarium between the middle and ring 
fingers.  The surface of the ovary is then explored using the forefinger and the thumb, allowing the 
examiner to evaluate ovarian size, consistency, presence of functional structures, and any 
abnormalities.  Characteristics of the ovary vary between ovaries in the same individual, and between 
individuals, ages, and breeds.  In the prepuberal heifer, the ovaries are small and smooth.  In 
postpuberal heifers and cows, ovaries that are smaller than 2 cm in length by 1.5 cm in width by 1.5 
cm in thickness can be suspected of being hypoplastic or atrophied. Normal ovaries vary in size and 
shape over the course of the estrous cycle, on average ranging from 2 - 4 cm long by 2 - 3 cm wide by 
2 - 3 cm thick. Some increase in ovarian size is associated with developing follicles, but the greatest 
changes in sizes are due to the presence of the corpus luteum.  If an ovary is found to be abnormally 
large, this may be due to a follicular or luteal cyst or to neoplastic change.  

 

4.4. Clinical Examination of the Reproductive Organs in Buffalo-Bows 

It is better to restrain the buffaloes in chutes (Fig. 14I). It is not recommended to catch the animal from 
the nasal septum or to hold the animal from the inguinal fold, she becomes more vigorous. Scratching 
the back or knocking on the horns with solid objects may help to keep the animal quit during 
examination. Clinical examination of buffalo-cows resembles to large extend that of the cattle, but 
buffaloes are more vigorous, the genital organs are mostly located in the pelvic cavity in the non-
pregnant status, and the ovaries and their structures are smaller. Manipulation and examination of the 
reproductive organs of buffaloes via rectal palpation is possible because of several anatomical 
features:  

 1) As in cattle, the reproductive organs of the bovine are suspended from the dorsal body wall 
by the broad ligament. The posterior part of the organs (vagina, cervix and, sometimes part of the 
uterus) is located in the pelvic cavity (formed by the two pelvic bones) and the anterior part of the 
organs hangs over the pelvic brim (uterus, uterine tube, ovaries and, sometimes part of the cervix) and 
is suspended in the abdominal cavity. Moreover, the organs are located immediately below the rectum. 
 2) The rectum of the buffalo-cow is large enough to allow insertion of the hand and arm of 
the palpator. Moreover, the rectal wall is sufficiently pliable to allow one to grasp and identify 
reproductive organs structures through the rectal wall. 3) The rectal wall of the buffalo-cow is strong 
so that tearing, while possible, is rare. Note the situation is different in other species, notably the mare, 
where the rectal wall is more subject to damage. Nonetheless, care should be taken when performing 
rectal palpation of cattle because the rectum can be torn or otherwise damaged. 
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Ultrasonography can be effectively employed to record the exact size and echotexture of the buffalo 
genitalia during different stages of estrous cycle. 

 

4.5. Clinical Examination of the Reproductive Organs in Ewes and Does 

Breeding History 

 A complete history should be an important part of the breeding soundness examination (BSE) 
because of the inaccessibility to the majority of the reproductive organs to palpation or visual 
inspection.16,17 Information regarding the intention of the owner in utilization of these goats for 
production (meat, milk, and fiber), brush control, or as a companion animal should be gathered. These 
include housing (pasture, dry lot, backyard, or barn); Nutrition (pasture, concentrate, hay, silage, trace 
minerals); breeding Management (natural or artificial insemination), time of the year (season), 
hormonal manipulation, male-to-female ratio, number of males in a pen or pasture, fertility of the male 
used, male libido, and prior history of urethral obstruction. In case of artificial insemination, 
information obtained should include source of the semen, evaluation of the frozen semen, heat 
detection, experience and success of the inseminator, bred once or twice during estrus, evaluation of 
the vagina and cervix on speculum examination at the time of AI, presence or absence of mucus at the 
time of AI. Other information include length of estrous cycle, interestrous interval, duration of estrus, 
reaction of the female to the male, number of teasers checking estrous behavior, frequency of heat 
detection.  

Physical Examination  

 This includes current body condition, conformation, lameness, polled or horned, and eyes 

External and internal genitalia examination 

 Visual examination of the perineal area should include evaluation of the anogenital distance.  

Vulva 

 Examine the lips of the vulva, then part the lips of the vulva and evaluate the clitoris. Any 
lesions on the vulva (scabs, ulcers, pustules, etc.) should be noted. 

Vagina 

 Speculum examination is made of the walls of the vagina, vestibule, and cervix. Rule out any 
urine pooling in the vagina and also discharge. If discharge is present, determine the source (vagina, 
cervix, or through the external os of the cervix). 
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Cervix 

 Examine the external os and area around the opening (fornix). Digital examination along with 
speculum/endoscopic evaluation could be done to evaluate the vagina, vestibule, and cervix and to rule 
out persistent hymen, lacerations, and adhesions. During the period of estrus in a doe, there is clear 
mucus discharge seen in the anterior vagina, later turning to cloudy (milky) toward the end. This is 
normal discharge and does not require treatment.  

Reproductive Ultrasonography 

 Ultrasonography has been used for evaluating the reproductive organs in small ruminants. 
Goats are scanned transabdominally either at the right or left inguinal region or may be scanned 
transrectally using a probe adapter to a 7.5-MHz linear transducer. Goats are usually scanned standing, 
and they tolerate it better than being tipped over in a dorsal recumbency posture. Transabdominal 
scanning is done on the right side, slightly cranial to the mammary gland, and about 3 to 4 inches from 
the midline (paramedian), because the reproductive organs are pushed toward the right side by the 
rumen. For transabdominal scanning, 3- to 5-MHz curvilinear or sector scanning transducers are 
superior to linear-array transducers; 5- to 7.5-MHz linear transducers have been used transrectally. 
Earlier pregnancies around 20 to 25 days may be seen best with a transrectal approach, preferably in a 
dorsal recumbency position. 
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Table 4: Characteristics features of trans-rectal palpation in large farm animals and methods of 
restrain  

 Female camel mare cow Buffalo-cow 

Animal 
restrain 

sitting - stanchion hobble - stanchion  stanchion stanchion 

Land-
mark   

uterus uterus or ovaries cervix cervix 

cervix less distinct less distinct well distinct well distinct 

uterus Pelvic/abdominal  Pelvic/abdominal Pelvic/abdominal Pelvic/abdominal 

ovaries pelvic prim sub-lumber Pelvic cavity – pelvic 
prim 

pelvic cavity 
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Fig. 15: Cervical cytology in mares, Giemsa stain, X100 (Qassim-KSA, 2012). 
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Chapter 5 

Infertility of the Female Animals 
Infertility is a temporary disturbance of reproductive function wherein the animal cannot become 
pregnant and produce a newborn. Normally a good and healthy animal should give a newborn for 
every 24, 12, 12, 14 and 8 months interval for female camels, mares, cows, buffalo-cows and ewes and 
does, respectively (Table 3). If not, it is an economical burden to the farmer since an unproductive 
animal has to be maintained. Infertility is also due to poor management resulting in delayed puberty 
and first calving. Sterility is a total loss of fertility and maintaining such animals is a waste and should 
be culled. Whereas infertility is a temporary loss of fertility can be corrected if diagnosed in the right 
time and can be assisted. Infertility problems are the common cause for culling in animals due to poor 
management, feeding and disease protection.  

Causes of infertility in different farm animals are shown in Tables (5-9). Bacterial isolates associated 
with infertile cases in female camels and mares are given in Tables (10-11). The common diseases of 
the reproductive organs of farm animals are illustrated in Figs. (16-32).    

 

5.1. Infertility in Female Camels 

5.1.1 Causes 

 Over six breeding seasons, a total of 3447 female camels were examined by the author and his 
co-workers for the prevalence of reproductive disorders in Saudi Arabia. Based on history, animals 
were categorized as repeat breeder (n=2343), refused mating (n=573) and early embryonic death 
(n=531). Animals were then exposed for trans-rectal examination, vaginal exploration and trans-rectal 
ultrasonography. Results showed that endometritis, ovarian hydrobursitis, and vagina and cervical 
adhesions were the major causes of infertility. Ovarian cysts and ovarian inactivity did not represent 
major infertility problems. Miscellaneous causes of infertility included anomalies of the genital 
organs, hydrosalpinx, and ovarian and vaginal tumors. 

 Another reason for infertility in female camels could be mating at the wrong time of follicular 
development i.e. when the follicle is either too small, too large or is regressing as there would not be a 
fertile oocyte in any of these types of follicles. 

 Another study for the author and his co-workers was planned to investigate the relationship 
between the characters of vaginal discharges and the prevalence of uterine bacterial isolation in repeat 
breeding female camels and to determine the sensitivity of these isolates to antimicrobial and 
antiseptic agents. Forty five repeat-breeding dromedaries were grouped according to the characters of 
vaginal discharge into those with no discharges (D0, n=7), those with gelatinous (D1, n=11), those 
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with mucopurulent (D2, n=11) and those with purulent discharges (D3, n=16). Uterine swabs were 
collected for culture, and bacterial isolates were identified. The obtained isolates were tested against a 
panel of antibiotics and three antiseptic solutions. A total of 78 isolates were obtained from 39 of the 
investigated animals, the other 6 animals had no bacterial isolates. The prevalence of bacterial isolates 
did not differ significantly among groups (85.7% in D0, 90.9% in D1, 81.8% in D2, and 87.5% in D3). 
Staphylococcus aures, Trueperella pyogenes, and Streptococcus pyogenes were the most prevalent 
bacteria in female camels with D1, D2 and D3, respectively. Gram positive isolates were highly 
susceptible to Chloramphenicol, Gentamicin, and Cotrimoxazole, while Gram negative isolates were 
most sensitive to Gentamicin and Cefotaxime. Concerning antiseptics, bacterial isolates were more 
sensitive to Acriflavine 0.1% than Lotagen 4% (92.9% vs. 53.6%, P=0.004). None of the isolates was 
susceptible to Povidone-iodine in concentrations of 1%, 0.5%, and 0.1%. 

 Ovarian hydrobursitis is a peculiar affection of the ovarian bursa characterized by the 
accumulation of variable amounts of fluid and encapsulation of the ovary. The condition is suspected 
when difficulty is encountered during retraction of the uterus and ovarian palpation. In some cases, the 
uterine tube presents a severe torsion easily identified by palpation. The ultrasonographic appearance 
of the ovarian-bursa and its contents is variable and depends on the size, ovarian activity and the 
nature of the fluid within the bursa. The etiopathogenesis of this condition is not well understood but 
could involve bursal adhesions, uterine infection or predisposing genetic factors. The condition could 
be due to chronic infection involving Chlamydia. Reproductive life can be saved in the case of 
unilateral affections by surgical removal of the affected bursa and ovary. 

 A garnulosa cell tumor has been reported by the author in a dromedary camel. The 14-year-old 
female dromedary camel was examined for failure of conception. Ultrasonography revealed a mass of 
mixed echogenicity involving the left ovary, which was later surgically removed. The cut surface was 
multilocular. Upon microscopic examination, a mature granulosa cell tumour (GCT) was found. 
Laboratory examination revealed neutrophilia, increased albumin and blood urea nitrogen and 
decreased globulin, calcium, phosphorus, and magnesium. Estrogen, progesterone, and testosterone 
were within the normal values. Teratoma and dysgerminoma has been reported in the dromedary 
camel but are extremely rare. 

5.1.2. Treatment strategies  

 A total of 480 female dromedary camels affected with endometritis were randomly assigned to 
receive one of three intrauterine treatments: (i) 100 mL acriflavine 0.1% (group 1, n=170), (ii) 100 mL 
lotagen 4% (group 2, n=200), or (iii) 300 mg/100 mL gentamicin sulphate (group 3, n=110). All 
groups received 500 mg cloprostenol IM at infusion. Animals were exposed for breeding 7 d later and 
received 5000 IU hCG im at mating. The criteria for efficacy of treatment were 90 days non-return 
rate (90 d NRR) and calving rate (CR). The results showed that the 90 d NRR and CR were 
significantly influenced by parity, type of uterine infection, regime of treatment, and their interactions. 
Treatment regimes were approximately equally efficient in treating females with endometritis (90 d 
NRR were 64%, 53.1% and 53.3% and CR were 58.9%, 49.3%, and 42.5% for groups 1, 2, and 3, 
respectively). In contrast, regimes differed in treating those with metritis (90 d NRR were 55.6%, 
75%, and 28.6% and CR were 31.6%, 54.8%, and 12.5% for groups 1, 2, and 3, respectively). In 
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conclusion, a regime consisted of intrauterine lotagen infusion and administration of PGF2� at 
infusion and hCG at mating was more efficient for treating female camels with endometritis. 

 Twenty eight camels diagnosed with ovarian hydrobursitis were investigated for the effect of 
unilateral surgical ablation on breeding outcomes. Surgical ablation was carried on 14 cases (treated 
group), the remaining 14 cases were followed as controls (control group). Both groups were observed 
for breeding results: 90 days non-return rate (90d NRR) and calving rate (CR). Removed bursae were 
sent to the laboratory for histopathological investigation. The 90d NRR and CR of the surgically-
treated cases were 64.3% and 50%, respectively. None of the untreated cases conceived. These results 
confirmed that ovarian hydrobursitis causes infertility in dromedary female camels and is associated 
with inflammatory genital conditions and surgical ablation in unilaterally affected animals presents a 
potential treatment. 

 Sixty female camels affected with bilateral ovarian hydrobursitis were divided into treated and 
control groups (n=30 each). Based on the bursal diameter, females of both groups were subdivided 
into those having small (< 5 cm), medium (5�7 cm) or large (>7 cm) bursae. Treated group received 
20 mg/kg body weight oxytetracycline intramuscular, 4% lotagen intrauterine, and 500 µg 
cloprostenol intramuscular. Controls did not receive any treatment. All females were observed for 90 
days non-return rate (NRR) and calving rate (CR). Antibodies against C. abortus were observed in 
44/51 (86.3%) of the affected females. The 90 days NRR of the treated and control groups were 13/30 
(43.3%) and 0/30 (0.0%), respectively, while the CR were 10/30 (33.3%) and 0/30 (0.0%), 
respectively. Based on bursal size, the 90 days NRR were 11/15 (73.3%), 2/7 (28.6%) and 0/8 (0.0%) 
for treated females having small, medium and large bursa, while the CR were 9/15 (60%),  
1/7 (14.3%), and 0/8 (0.0%), respectively. 

 Female camels with vaginal or cervical adhesion might be treated by manual dilatation; 
however the prognosis is guarded.  

 

5.2. Infertility in Mares 

5.2.1. Causes 

 Most broodmares are relatively normal through the majority of their breeding career, but as 
they age problems often arise. There are others that start their career as problems which may or may 
not resolve with time and treatment. The veterinarian in reproductive practice is often presented with 
these mares which allow him/her to use different diagnostic skills than in some other areas of practice. 
Sometimes the challenge is in diagnosis, but ultimately the challenge usually lies in managing the 
mare and her problems to produce a foal. These mares usually present with signs generally referable to 
one or more of three categories: uterine abnormalities; ovarian and cyclic abnormalities; failure to 
become pregnant. Uterine abnormalities are the most common cause of reproductive failure in the 
mare and come in many forms, although most involve inflammation of one form or another. 
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 In a study for the author and his co-workers about the causes of infertility in Arabian mares in 
Saudi Arabia (n=222), endometritis was the common cause of Infertility (44%). Moderate endometritis 
(2-5 neutrophils/field) was found in 60 mares, while severe endometritis was diagnosed in 39 mares. 
Among them, intrauterine fluid accumulation was observed in 23 mares and vaginal discharges were 
observed in 12 cases. E coli was the most commonly isolated bacteria (16x). Klebsiella oxytoca, 
Pseudomonas aeruginosa, Streptococcus equi zooepidemicus, and Klebsiella pneumoniae were 
isolated from some mares with endometritis. Narrowing or adhesion of the cervix and/or vagina was 
the second important cause of infertility in Arab mares (16.4%). All affected mares were multiparous 
with an average age of 14.2–6.1 years (range 5-22 years). It was accompanied with intrauterine pus 
accumulation (pyometra) in 20 mares. Culture, cytology, and biopsy are major tools useful for uterine 
evaluation, but the uterus is a dynamic organ that can only be fully evaluated over time with 
observation through an estrous cycle. Some conditions involving post-breeding endometritis such as 
delayed uterine clearance and hyper-responders can only be totally evaluated during a breeding cycle. 
Endometrial cytology is a frequently overlooked method of obtaining quick information on the 
inflammatory status of a mare. It is all too common for veterinarians to rely on ultrasound examination 
as the only method of uterine evaluation. Endometritis can result in uterine fluid, but many cases of 
endometritis never exhibit uterine fluid, and the diagnosis would be missed without culture and/or 
cytology. Cytology is simple and relatively rapid, easy enough to perform in nearly any clinic 
laboratory. Intrauterine fluid prior to breeding should be evaluated as soon as possible, especially if 
the fluid is present in a diestrus mare. Diestrus fluid is almost always a sign of endometritis, usually 
infection. If fluid is present in the uterus at the time of insemination, the semen will not be damaged if 
uterine lavage is carried out immediately prior to insemination with a buffered lactated ringers solution 
or Dulbecco�s phosphate buffered saline (PBS), while saline itself is very detrimental to spermatozoa. 
Following breeding uterine fluid the most frequent causes of uterine fluid are delayed uterine 
clearance (DUC), hyper-responders, and infectious endometritis. Over time the uterus is repeatedly 
forced to fight both breeding and environmental contamination. A single breeding introduces hundreds 
of millions or billions of spermatozoa that are treated as foreign invaders by the immune system, as 
well as large numbers of bacteria and debris. The normal mare will respond quickly and clean the 
uterus out within 12�24 hours with an influx of inflammatory cells, removing them and the 
contaminants through uterine contractions and expulsion or through the lymphatic system. In fact it is 
normal to see purulent exudates draining from the cervix of a mare 8�12 hours following breeding. 
This cleaning process requires a normal immune system, an open cervix, normal oxytocin-induced 
uterine contractions resulting from the release of prostaglandins, and a uterus that is not too far below 
the brim of the pelvis. Fungal endometritis is often secondary to resolved bacterial infections, although 
it can be a primary infection, and can be quite challenging to treat. Most fungi grow well on blood 
agar although yeast may take 48 hours of culture. Filamentous fungi such as Aspergillus can often be 
successfully treated with uterine lavage with dilute betadine solution as long as vigorous ballottement 
of the uterus is performed transrectally to dislodge the fungal masses from the endometrium. Yeast 
infections are much more challenging to treat, as the organisms typically have an intracellular stage 
that can be quite resistant to treatment. Most treatment regimens need to be continued for at least 7 
days and then sometimes repeated after the mare comes into heat again, to result in the elimination of 
a susceptible organism. 
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 Ovulation abnormalities have become much more recognized since the advent of the use of 
ultrasound for routine breeding exams. These abnormalities include hemorrhagic anovulatory follicles, 
unruptured luteinized follicles, and ovarian hematomas. Hemorrhagic and unruptured luteinized 
follicles appear to be more prevalent in mares suffering from uterine inflammation or infection and 
mares that are hypothyroid. The classic hemorrhagic follicle appears to grow as a normal follicle until 
the time of expected ovulation approaches, when the follicle continues to grow, often at an increased 
rate, and ovulation does not occur. These follicles often reach 6�8 cm in diameter, sometimes larger, 
and gradually fill with blood as evidenced by their increased echogenicity. Fibrin strands will usually 
form; crisscrossing the follicle which will gradually decrease in size after the mare goes out of heat. 
Most of these follicles will have luteal tissue form in the wall and will eventually respond to 
prostaglandins, although some fibrin, etc. will remain visible in the ultrasound scan of the ovary for 
some time, giving the appearance of a corpus luteum. Hemorrhagic anovulatory follicles are more 
common in older mares and late in the season. Mares that have had one cycle with a hemorrhagic 
follicle are more likely to have another than would a mare that has not experienced such a follicle  

 Ovarian inactivity was observed in 15.8% cases of the infertile Arab mares. Hard and small 
ovaries with no significant follicular or luteal structures were observed in these cases. Of them, 18 
mares were suckling. The mean body condition score of these mares averaged 1.8. Multiple 
endometrial cysts of large sizes were observed in 14.1% cases of the infertile mares. The endometrial 
cysts were found in the uterine body and/or in both uterine horns. All mares were over 10 years old 
(16.3 years). Ultrasound examination was optimum in observing such cases. Additionally, fiberoptic 
examination could clearly identify these cases. Pneumovagina was diagnosed in 8.2% cases of the 
infertile Arab mares. All of these mares were either old, and/or with low body condition score (2.1).  

 Ovarian tumors were observed in 1.4% of the infertile Arab mares. Based on histopathological 
examination, adult type granulosa cell tumor (GCT), mixed germ cell tumor, and low grade Sertoli cell 
tumor were diagnosed. The granulosa cell tumor was transrectally palpated as a large thick walled 
round structure anterior to the shaft of the right ileum.  By ultrasound, it appeared as a large 
circumscribed structure with a central hypoechogenic area surrounded by an echogenic layer. Many 
hyperechogenic trabeculae were observed in the central dark area. After surgical removal, the tumor 
was grossly examined. It appeared as 6.5 cm in diameter, round, smooth, and thick walled structure. 
The tumor was cystic in cross section; the inner surface was mostly rough and uneven. Hemorrhagic 
fluid was detected inside the tumor cavity. Microscopically, the ovarian tissues were almost replaced 
by polygonal neoplastic cells with necrotized eosinophilic stroma. Many cystic spaces were found in 
the stroma. Mitotic figures with pyknotic nuclei were also detected. The serum estradiol-17� and 
progesterone levels just before surgical removal were 32.25 pg/mL and 0.03 ng/mL, respectively. On 
the other hand, the fluid found in the tumor cavity showed high levels of estradiol-17B (501.9 pg/mL) 
and progesterone (3.19 ng/mL).   

 The mixed germ cell tumor was palpated transrectally as a very hard structure extended from 
the left horn to the caudal part of the abdominal cavity. It appeared by ultrasound as a large 
nonhomogenous structure with few areas of hypoechogenicity. After surgical removal, the tumor was 
unevenly large (15.3 cm in diameter) and very hard from outside. After sectioning, the tumor appeared 
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as having two main parts; a central soft tissues surrounded by a very hard bony structure. 
Microscopically, the ovary contained insular pattern of round, oval or spindle cells. It had glandular 
tissues with mucinous secretions and sloughed necrotic cells. Mononuclear cellular infiltration and 
congestion were apparent. Myxomatous and hyalanized as well as luteinized tumor stroma with 
congestion and hemorrhage were also noticed. The stroma also contained lipoidal degeneration and 
steroid tissue. Atretic Graffian follicles with few Schiller-Duval bodies, calcification and 
hemosiderotic elements were also noticed. The serum estradiol 17-� and progesterone levels just 
before surgical removal were 38.09 pg/mL and 0.2 ng/mL, respectively. 

 The ovarian low grade Sertoli cell tumor was palpated transrectally as hard structure extended 
from the left horn to caudal abdominal cavity. It was difficult to catch the structure completely by 
hand. By ultrasound, the structure was homogenously echogenic. Removal of the ovary showed a solid 
fairly round structure. In cut section, two types of tissues could be differentiated, a fairly soft tissue 
surrounded by a firm one. Microscopically, the Sertoli cell tumor was characterized by complete 
replacement of the ovarian tissue with aggregated tubules lined by Sertoli type cells and showing foci 
of congestion or heamorrhage within the tubules or around the tubules. The neoplastic proliferating 
sertoli cells were arranged in cords or nets with mononuclear cellular infiltration. There was also 
cystic degeneration of many tubules. These tubules were surrounded with abundant fibrous stroma. 
There was minimal cytological atypia and very rare mitotic figures, confluent necrosis are seen. No 
Leydig cells were identified. The serum estradiol-17�, progesterone, and inhibin B levels just before 
tumor removal were 0.03 pg/mL, 0.03 ng/mL, and 92 ng/mL, respectively.  

5.2.2. Treatment strategies 

 Mares with moderate and severe endometritis were treated intrauterine with one of four 
treatment protocols: a) Penicillin (Penicillin G Sodium, Biochemie GmbH, Vienna, Austria): 
6,000,000 IU/dissolved in 1000 mL 0.9% saline, n=30; b) Gentamicin (Gentrinfi,  Uterine Infusion, 
Ourofino Animal Health, Cravinhos, Brazil): 300 mg dissolved in 1000 mL water, n=25; c) 
Acriflavine (C14N14CIN3, Fluka chemie EG, Buchs, Switzerland): 1gm dissolved in 1000 mL water, 
n=25; d) Lotagen (metacresolsulphonic acid and formaldehyde, Schering-Plough Animal Health, 
Segre-France): 1000 mL of 2% concentration, n=19. The treated animals were tested for pregnancy 
using ultrasound examination 25-30 days after natural mating using fertile stallions. The pregnancy 
rate was higher in mares infused intrauterine with penicillin (80%) than in those infused with 
gentamicin (20%), acriflavine (44%), or lotagen (31.6%). 

Control of Endometritis in mares: 

 A normal transient endometritis occurs after mating and often after foaling; this is due to 
bacterial contamination, but post-coital endometritis may also be a reaction to seminal proteins and 
spermatozoa.  It is considered that endometritis is usually caused by bacteria or yeasts and antibiotic 
therapy is therefore used. Lavage of the uterus with relatively large volumes of physiological saline 
may also have beneficial effects, since this will reduce the bacterial population, dilute toxic 
metabolites and remove cellular debris.  However, methods of treatment are many and varied because 
the relative merits of intrauterine versus other routes of antibiotic treatment have not been extensively 
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investigated (if i.m. or i.v. therapy is used, general recommendations for dose and length of treatment 
should be adopted).  If intrauterine therapy is used, several aspects should be considered, but there is 
no universally-accepted method of treatment; the various criteria to be considered are: Which 
antibiotic should be used? Usually there is insufficient time for the results of a sensitivity test to be 
acted on. However, the most common pathogens are b-haemolytic streptococci, E. coli, staphylococci 
and anaerobes (Bacteroides fragilis); antibiotics of choice are therefore penicillin, streptomycin, 
neomycin, framomycin and nitrofurantoin (for anaerobes). What volumes of agent should be infused? 
Traditionally, the antibiotic is suspended in large (100�500 ml) volumes of water or saline on the 
assumption that this volume is optimal for filling the uterus; however, the chemical effect of such 
dilution on antibiotic efficacy is unknown and present evidence suggests that most of the antibiotic 
introduced in this manner is expelled through the cervix soon after treatment. The use of small 
volumes of antibiotic is appropriate on the assumption that the uterine lumen is only a potential space 
and therefore easily filled, and little of the agent is thereafter refluxed. Also, if the antibiotic is 
absorbed from the uterus it should theoretically return to this organ again in therapeutic concentrations 
in the blood for some time after treatment; How long to continue with intrauterine treatment? This is 
governed by the stage of the cycle. What stage of the cycle is best for the treatment of endometritis? 

 If a mare has no history of chronic endometritis, and is not suffering from pneumovagina, 
there is little theoretical reason why she should have a positive uterine culture in early estrus; however, 
these mares do occur, and consideration should be given to the possibility that contamination of the 
swab has occurred (in this case cytological investigation is valuable). Treatment may then be 
considered necessary at this stage, before the mare is mated, but since there is no evidence that 
endometritis is detrimental for sperm transport to the uterine tubes it is probably not necessary to 
withhold mating. 

 Treatment of fungal infections can be quite frustrating and the owner should be warned that it 
can be a prolonged and difficult treatment period. One treatment does use a onetime treatment, 
although it is somewhat controversial, inconsistently effective, and has somewhat fallen out of favor 
recently�Lufenuron (Program). This product approved for the treatment of fleas in small animals 
interferes with chitin production in the cell walls of some yeast as well as the exoskeleton of fleas. The 
introduction of two packets of the feline 270mg suspension packets in 200 ml of saline has been 
effective 30�50% of the time in eliminating yeast infections in the author�s experience. This should be 
followed by uterine lavage the following day. One useful broad spectrum treatment for yeast is 
DMSO. DMSO in a 10% solution is bacteriostatic and fungistatic while in a 30% solution is 
bactericidal and fungicidal and is irritating but not damaging to the endometrium. Betadine at the rate 
of 25 ml/liter of saline can be an effective treatment, as can acetic acid (vinegar) at the rate of 20 ml 
per liter of saline. Beyond these two broad spectrum treatments, therapy should be determined by 
fungal sensitivity testing, now available from most bacteriology labs. Fluconazole, miconazole, 
nystatin, and others can often be purchased from compounding pharmacies as suspensions and 
administered intra-uterine following daily uterine lavage. It is not uncommon for another organism, 
especially strep to appear as the yeast recedes; for this reason many practitioner include sodium 
ampicillin or penicillin in the treatment regimes with antifungals. Yeasts and many bacteria produce a 
biofilm layer that can protect them from disinfectants and many antimicrobials. This can be reduced 
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before antimicrobial treatment by lavage with 10% DMSO or acetylcysteine (30 ml in 150 ml saline) 
the day before treatment commences. An acute yeast infection, especially one without uterine fluid 
accumulation, can sometimes be most effectively treated by a period of reproductive rest. There is no 
known treatment or prevention for hemorrhagic follicles and no association has been made between 
the use of ovulatory-inducing agents and hemorrhagic follicles. The recommendations for recurrent 
anovulatory follicles or unruptured luteinized follicles are to address any uterine inflammatory issues 
and supplement the mare with Thyroxin. Excessive use of prostaglandins or ovulatory inducing agents 
should be avoided. Unruptured luteinized follicles are slightly different than hemorrhagic follicles as 
they actually do start to ovulate but stop short of rupturing into the ovulation fossa. These follicles 
appear to progress normally right up until ovulation time. They will soften and break through the 
follicular wall toward the ovulation fossa, ending up with two pockets of fluid in the ovary; one in the 
original follicle and one in the ovarian stroma. Echogenic fluid will pass rather freely between these 
two structures for several hours before the fluid starts to clot and eventually luteinizes. These 
structures routinely respond to prostaglandins and are also more common in older mares. Ovarian 
hematomas can occur after a normal ovulation and are strictly hemorrhages into an evacuated follicle. 
These structures are not hormonally active other than the luteal tissue that forms from the original 
ovulation. They can often be discerned from hemorrhagic follicles by the fact that the hematoma will 
be clotted within a few hours after it forms, while fluid will remain in the hemorrhagic follicle for days 
due to the anticoagulant properties of follicular fluid. Ovarian hematomas will generally resolve over a 
period of 2�3 months. Mares will generally cycle and ovulate normally during this period. This 
category of mare can be quite frustrating and includes mares that cycle normally, are bred with 
excellent quality semen in a timely manner, have no observable uterine problems, and repeatedly do 
not become pregnant. When faced with this type of mare the practitioner should first ascertain that the 
semen used is resulting in pregnancies at a reasonable rate in other mares. The mare should have a 
uterine culture and biopsy performed even if there are no other indications to do so. Some mares that 
present this way are actually hyper-responders that will become pregnant or produce embryos after 
treatment with immune modulators and corticosteroids. Failure to respond to this treatment in the 
absence of other abnormalities would suggest an oviductal abnormality. 

 Two treatment protocols were tested in mares affected with vaginal and/or cervical adhesion: 
a) Manual dilatation + 5g antibiotic ointment applied on cervix/vagina (Multijetfi: 10.000 IU procaine 
penicillin G, 100 mg streptomycin sulphate, neomycin sulphate, 10 prednsolone, Norbrook, Northern 
Ireland) + 6,000,000 IU Penicillin /1000 mL saline, infused intrauterine + 20 IU oxytocin IM 
(Vemedim co, Cantho city, Vietnam), n=20; b) Manual dilatation + 5g Multijet+ 6,000,000 IU 
Penicillin /1000 mL saline, infused intrauterine + 250µg prostaglandin F2� analogue (Estrumatefi, 
Schering-Plough, Morris Ave, Summit, NJ, IM), n=16. Both treatment protocols were repeated every 
3 days for three successive times. During treatment, the mares were examined for the uterine status 
using the transrectal ultrasound and for the efficiency of the vagina and cervix using vaginal 
exploration. When the uterus and cervix/vagina were found sound, the mares were naturally mated, 
except one that inseminated artificially. Pregnancy diagnosis was performed 25-30 days after 
mating/insemination. Low pregnancy rates were recorded for both treatment regimes (10 and 18%, 
respectively) with no significant difference between groups.  
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 Three treatment regimes were tested for mares with ovarian inactivity: a) GnRH 
(Argoselinafi, Buserelin acetate, Laboratories , Santa Fe- Argentina): 0.021 mg (5 mL) IM, once, 
n=15;  b) hCG (Pregnylfi,N.V. Organon, Oss, Holland): 1500 IU, IM, once, n=10; c) CIDR 
(Controlled internal drug release, EAZI-BREED CIDR, Pfizer, Auckland, New Zealand):  containing 
1.9 g progesterone, inserted into the vagina for 14 days, n=10. The treated mares of all three groups 
were observed for estrus. Those showing estrus symptoms were naturally mated and examined for 
pregnancy using ultrasound 25-30 days after mating. The incidence of estrus induction and pregnancy 
rate did not differ among treatment regimes (60, 70, and 70%, and 40, 40, and 60%, respectively). 
However, mares treated with hCG came in estrus significantly later (6.33 – 0.6 d) than those treated 
with GnRH (3.66 – 0.3 d) or CIDR (3.00 – 0.4 d).  

 Two treatment regimes were investigated in mares affected with endometrial cysts: a. Sodium 
chloride (Sigma � Missouri, USA) + penicillin (n=22): sodium chloride was dissolved in distilled 
water in ascending concentration through three successive days (5g/L in the first day, 10g/L in the 
second day, and 15g/L in the third day). Penicillin (6,000,000 IU) was dissolved in the sodium 
chloride solution and infused in the uterus; b. Lotagen (n=9): 1000 mL of 4% concentration was 
infused intrauterine for only one time. Both groups were mated in the next estrus, and examined for 
pregnancy by ultrasound 25-30 days later. The result showed that infusion of the uterus of mares 
suffered from endometrial cysts with sodium chloride in ascending concentrations gave significantly 
greater pregnancy rate (30.1%) than those infused with lotagen solution (11.1%).   

 Two protocols were compared in mares with pneumovagina: a) Caslik�s operation was 
performed in 12 mares. The operation was carried out on the standing animal restrained in stanchion 
(Mcllwraith et al., 1998). Sedation was performed by xylazine HCL (0.3 mg/kg body weight, 
intravenously). Local infiltration anesthesia (2% lidocaine) was done in the ischiorectal region. The 
tail is bandaged and tied out of the way, and the rectum was manually evacuated before surgery. Just 
before surgery, the uterus and vagina were flushed with acriflavine 1:1000. The perineum and vulva 
were surgically prepared. The labia were retracted. An incision was made along the mucocutaneous 
junction of the labia in a dorsoventral direction and extended cranial along the dorsal commissure of 
the vestibule to the vicinity of the vaginovestibular junction. The mucosa was then dissected 
submucosally from the dorsum and dorsolateral aspect of the vestibule, and removed. The incised edge 
of the mucosa of the right side of the vestibule was then sutured to the incised edge of the left side of 
the vestibule using a simple continuous pattern of size 0 polydioxanone (PDS). The skin sutures were 
removed after 10 to 12 days. The suture was removed one month later for mating. The mares were 
then examined for pregnancy 25-30 days after breeding; b. The other 6 mares with pneumovagina 
were treated with acriflavine (1:1000) infused intrauterine. These mares were mated in the next cycle 
and examined for pregnancy one month later. Pregnancy rate tended to be higher (P=0.06) in mares 
treated with Caslik�s operation (41.6%) due to pneumovagina than in those only washed with 
acriflavine (16.7%). 

 The uterine tube is extremely important in reproduction, as it is the primary sperm reservoir in 
the mare, the site of conception, and the home of the embryo for the first 5‰ days. Uterine tubes can 
be obstructed by accumulations of mucus and debris and in the past have been surgically flushed with 
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some good results. Recently, laparoscopic application of prostaglandin E2 gel to uterine tubes of 
mares with suspected blockage with extremely good results has been described. Prostaglandin E2 is 
naturally released by embryos to stimulate contractions of the uterine tube resulting in passage of the 
embryo to the uterus. Possibly, application of high levels of PGE2 to the uterine tube results in enough 
contractions and relaxation to remove obstructions. This technique has proven quite valuable with 
pregnancies resulting in 11 of the first 13 mares treated within 2 cycles following treatment    

   

5.3. Infertility in Cows 

5.3.1. Causes 

 During the period from 2003 to 2006 a total of 2755 cattle were examined, during winter and 
summer at three districts of Middle Egypt. Based on the owner complains, animals were categorized 
as anestrum, repeat breeder and those for pregnancy diagnosis. Animals were examined by rectal 
palpation and by transrectal ultrasonography. The results showed that, ovarian inactivity was the most 
common cause of anestrum, whereas endometritis was the main frequent finding of repeat breeding. 
District, season and year affected the incidences of infertility. The pregnancy rate remained constant 
from 2003 to 2006. The incidence of ovarian inactivity decreased over the same period. In winter, the 
commonly used feedstuffs would be adequate to supply the animals with needs, but in summer, rations 
seem to be deficient in many essential nutrients.  

 Reproductive performance in European and North American dairy herds is declining steadily 
and is more than ever a highly important limiting factor in efficient herd performance. The following 
is a brief summary of the more common clinical problems that result in reproductive failure:  

Endometritis: bacterial contamination occurs usually after parturition. Endometritis often occurs as a 
sequel to dystocia and/or retained placenta and may be connected with a decreased rate of involution 
of the uterus in the postpartum period. Clinical endometritis was identified by the presence of purulent 
uterine discharge or cervical diameter >7.5 cm after 20 days in milk, or by a mucopurulent discharge 
after 26 days in milk. Potential treatments can be divided into (1) systemic antibiotic treatment, (2) 
uterine infusion, and (3) injection of prostaglandin to induce estrus, so that the uterus is cleansed 
naturally. Uterine infusion and/or prostaglandin injection are treatments of choice. Iodine-based 
infusions save fallen from favour because they may cause irritation and necrosis. Prostaglandin 
treatment was more effective than the other treatments in terms of estrus detection efficiency, interval 
to first service and days open. 

Anestrus: nutritional anestrus in the most common problem in beef cows. By feeding cows after they 
calve, you cannot expect to improve the number cycling. Feeding pre-partum is the best way to assure 
early return to cyclicity in beef cows. By providing good pre-partum nutrition, you maintain adequate 
pre-partum condition, so the stress of postpartum lactation produces a shorter duration of negative 
energy balance. It is quite clear that poor metabolic status and negative energy balance in particular, 
can compromise a number of aspects of reproductive performance. This is related to the natural 
metabolic mechanisms that tend to direct nutrients towards milk production at the expense of other 
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functions such as reproduction. During periods of negative energy balance, which can last up to 20 
weeks after calving in very high yielding cows, body tissue is mobilized to make up the shortfall, 
releasing non-esterified fatty acids (NEFAs) and ketone bodies into the circulation. If cows are over-
fat at calving, there is increased mobilization, leading to appetite depression, which in turn increases 
the magnitude of the negative energy balance. High crude protein levels, typical of present-day cow 
diets, can lead to an excess of rumen degradable protein in relation to available fermentable 
metabolizable energy. This leads to an increase in the production of ammonia, which requires energy 
for its detoxification. This will also worsen the negative energy balance as will high concentrate to 
forage ratios in the diet, which can lead to acidosis and thus to reduced dry matter intake. The effect of 
negative energy balance is mediated mainly through a deficiency in IGF-I and insulin levels, which are 
in turn associated with low concentrations of plasma leptin.  

Nutrition: vitamins and minerals are often suspected in infertility and anestrus, especially by feed 
salesmen, but little hard evidence supports these claims. Urea has no effect on reproduction. Carotene 
is needed by the CL. If it is low the cow may have low progesterone and irregular cycles. Copper 
requirements are 10 ppm. Less than that may cause anestrus. A cobalt deficiency may cause a delayed 
first estrus and irregular heats. Mn requirements are 40 ppm. Less than this may cause anestrus or 
irregular heats. Phosphorus is hard to separate from energy. It is associated with the seed portion of 
plant. Cows fed at 66% NRC had no change in pregnancy rates. Cows fed at 50% NRC for 8 months, 
however had lower pregnancy rates. Experimentally low levels also delayed puberty in heifers.  

Silent Heat: silent heat is generally not a problem and usually is manifested by unobserved heats by 
producer. However, the first postpartum heat is normally silent, because there are no estrogen 
receptors. This is a result of the low postpartum progesterone. Since the progesterone is needed to 
induce the estrogen receptors, the estrogen receptors are absent and heat is silent. Synchronization of 
estrus and using of fixed time AI, introduce a teaser into the herd; and increasing observation time are 
methods used to control this problem.   

Cystic Ovarian Disease (COD), or Follicular Cysts  

 This is a fluid filled structure on the ovary greater than 2.5 cm in diameter; No corpus luteum 
present on either ovary; The cyst may persist for more than 10 days or regress and be replaced by 
another cyst; There are actually two types of cysts, follicular and luteal; A follicular cyst consists of a 
fluid filled cavity (unovulated follicle) lined by a small layer of thecal cells. The thecal cells produce 
progesterone, but do not have prostaglandin receptors. If there are no prostaglandin receptors, the 
normal luteolytic cascade cannot occur, resulting in anestrus. If the granulosa cells persist in an 
untransformed state (not large luteal cells), the cow will show signs of constant estrus because of the 
estrogen production. A luteal cyst has a larger thecal (luteal layer) that may have enough large luteal 
cells to respond to exogenous prostaglandins. A cystic CL is just the cavity in a normal CL that is part 
of the normal progression of CL development. Both GnRH and human chorionic gonadotrophin (hCG) 
may be used to treat ovarian cysts, although prostaglandin may be more successful if significant 
luteinization has already occurred. Progesterone-releasing intravaginal devices have also been used 
with limited success reported that cows with persistent follicles could be successfully synchronized 
and inseminated at a fixed time using progesterone, GnRH and PGF2� but showed a limited response 
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to treatment with GnRH plus PGF2�. Luteinized cysts tend to re-occur after treatment � another 
reason for culling rather than curing if there is an option. If the condition is associated with 
nymphomania, the cow can be used usefully as an aid to detecting estrus in her herdmates until she is 
sold. The incidence of cystic ovaries is considered to be much lower in beef than in dairy cattle.  

Delayed ovulation  

 If a cow ovulates more than 18 hours after end of heat, then ovulation is said to be delayed. 
This may be diagnosed by palpation and can be treated with GnRH. This only occurs in < 2% of cows 
and is more likely to be a heat detection problem.  

Prolonged luteal function 

 In the ovarian cycle the corpus luteum normally begins to regress on day 16 or 17. 
Occasionally and in the absence of pregnancy the corpus luteum may persist for a longer period. Such 
cases are often accompanied by uterine problems such as endometritis or pyometra and are explained 
by a failure of the luteolytic mechanism. Also the persistence of a corpus luteum can accompany the 
presence of a mummified fetus. Furthermore, prolonged luteal function has been recorded in 1.5% of 
non-pregnant dairy cows in the absence of any detectable uterine abnormality and in these cases the 
cause is uncertain. Cows that started to cycle less than 25 days after calving were much more likely to 
develop prolonged luteal function. This may be due to the fact that the first ovulation, or luteinization 
of a follicle, occurred before the uterus was sufficiently involuted to control luteolysis. Cases of 
prolonged luteal function are sometimes referred to as �cystic�. This is incorrect since they may not 
contain a fluid-filled antrum or cavity and, in any case, corpora lutea of normal life span very often 
have such a cavity. Prolonged luteal function has also often been diagnosed in cows that have not been 
observed in estrus. A more probable explanation is that the corpus luteum is normal but that the cow�s 
estrous period was missed. Many cases of prolonged luteal function, especially if they accompany 
endometritis or pyometra, can cause seriously long delays to conception, but this is not invariably the 
case. Possible treatments have been discussed for endometritis and pyometra, which is normally 
associated with persistent luteal function. Whether or not the condition is associated with uterine 
infection, the best approach is to remove the corpus luteum, which should bring the cow into estrus 
and thus clean out the uterus. In the past it has been common practice to manually enucleate the corpus 
luteum per rectum in order to advance the onset of estrus. However, this is not now favored due to the 
high risk of hemorrhage and/or the formation of fibrous adhesions. Injection of prostaglandin is a more 
acceptable method. 

Pyometra 

 This condition is due to an accumulation of pus inside the uterus and usually occurs in 
association with persistence of the corpus luteum. Pyometra can occur as a sequel to chronic 
endometritis. It may also result from the death of an embryo or fetus with subsequent infection by T. 
fetus or C. pyogenes. The uterus is under the influence of progesterone from the corpus luteum and the 
cervix is closed. Release of PGF2� is prevented due to endometrial damage. The uterine horns are 
invariably distended, although to a variable degree. However, the condition is seldom accompanied by 
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systemic illness. The situation may persist undetected for a considerable time since the animal may be 
thought to be pregnant. Estrogens followed by oxytocin have been used to treat the condition, but 
PGF2� is probably more effective.  

Campylobacteriosis or vibriosis: the organism Campylobacter fetus can cause abortion of the fetus. 
It has been implicated as a cause of embryo or early fetal loss between 25 and 60 days after natural 
service, in a herd being monitored by means of milk progesterone profiles. In a smaller proportion of 
cows, abortion may occur at around five months. In the non-pregnant cow the disease can cause 
endometritis. The organism can be transmitted between cows by means of the bull that serves them. 
Infected cows eventually become immune to the disease and will resume normal fertility. The 
organism is sensitive to antibiotics, so that infected bulls can be treated successfully. The use of AI 
and its attendant precautions has considerably reduced the incidence of the disease in developed 
countries in the last few decades.  

Trichomoniasis: The Trichomonas fetus is a specific pathogen of the bovine prepuce, vagina and 
uterus. Infection in the female is characterized by irregular estrous cycles, low conception rates, vulval 
discharge, early abortion and pyometra. The incidence of the disease in many countries has been 
reduced by the widespread use of AI. 

Neospora caninum: infected the reproductive tract and can cause fetal death and later abortions in 
dairy herds and in beef herds. Fetal neosporosis might be involved in many undiagnosed cases of 
bovine abortion. Placenta plays a central role in the pathogenesis and epidemiology of the infection. 
The parasite may attack the fetus directly, but the maternal and fetal inflammatory responses may also 
be damaging. 

Mycotic infections: Fungal infections, particularly those caused by Aspergillus fumigatus on mouldy 
feeds such as poorly made hay and silage, are generally thought to cause abortions fairly late in 
pregnancy. However, there is some evidence that aflatoxins originating from such moulds can also 
cause fetal losses at a much earlier stage.  

 

5.4. Infertility in Buffalo-Cows 

5.4.1. Causes 

 A study has been conducted to assess the type and prevalence of abnormalities occurring in 
the female reproductive organs of 405 buffalo cows slaughtered at Mosul abattoir. Out of the 405 
buffalo genital tracts examined, various abnormalities with different degrees of severity were observed 
in 216 (53.3%) of cases. Twenty two (5.4%) were pregnant and the remaining 41.2% (167/405) were 
macroscopically normal. The most common abnormalities encountered were endometritis 50 (12.3%), 
ovarobursal adhesions 26 (6.4%) and hydrosalpinx 20 (4.9%). Other abnormalities recorded were 
follicular cyst, luteal cyst, cystic corpus luteum, paraovarian cyst, ovarian sarcoma, inactive ovaries, 
senility anestrous, pyosalpinx, hemosalpinx, obstruction of uterine tube, salpingitis, double uterine 
tube, hydrometra, mucometra, pyometra, perimetritis, parametritis, uterine edema, perimetrial 
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adhesions, parametrial adhesions, parauterine abscess and uterine tumor. Histopathological 
examinations in this study revealed that reproductive organs lesions seem to be an important problem 
with possible subsequent infertility and sterility in buffalo cows leading to animals slaughtered. 

 Analysis of the clinical data of 20439 infertile graded female buffaloes of small and marginal 
farmers in Andhra Pradesh, examined over a period of two years, revealed that 2.50, 73.77 and 23.73 
percent of the animals had reproductive disorders which were of anatomical, functional and non-
specific infectious nature, respectively. Highest frequencies were of infantile organs, ovarian 
quiescence and endometritis in each group, which together constituted 79.13 percent. The average 
gross incidence of various conditions encountered in order of frequency was: ovarian quiescence 
(56.36%), endometritis (20.68%), silent ovulations (5.3%), anovular heats (4.35%), sub-oestrus 
(3.48%), luteal persistency (3.37%), genital infantilism (2.09%), vaginitis (o.99%), salpingitis 
(0.98%), cystic ovarian degeneration (0.91%), bursal adhesions (0.75%), cervicitis (0.3%), hypoplasia 
of the ovaries and organs (0.24%), paraovarian cysts (0.15%) and hydrosalpinx (0.03%). The 
incidence of quiescent ovaries followed seasonal trend with significant differences between seasons of 
the year both in heifers and cows. Between herds and between years, no marked difference in the 
incidence of different reproductive disorders was observed. It was estimated that 2.93 percent of the 
animals had disorders which rendered them unfit for breeding and, hence, sterile. Freemartinism was 
recorded in four cases. The comparative clinical features of freemartinism and cystic ovarian 
degeneration in buffalo cows were described. The factors predisposing for higher incidence of 
endometritis in the species were also discussed. 

 In another study on 135 anestrus buffalo cows, 61.4% had true anestrus with ovarian 
dysfunction and 33.3% had silent ovulation. In 111 buffalo heifers, 76.6% were in true anestrus and 
18.9% had silent ovulation. The duration of anestrus after calving was longer than 6 months in 83% of 
buffalo cows and 61.5% of the buffalo cows had durations longer than 10 months. The interval 
between the last breeding and diagnosis of anestrus was more than 5 months in 67.4% of cows and 
heifers.  

In a further study, the most pre-disposing factor for uterine infection was retained placenta (13.3%). 
The most prevalent bacteria in uterine lumen were E. coli (23%), Archanobacterium pyogenes (13%) 
and Staphylococcus aureus (10%) in buffaloes with repeat breeding. Vaginal mucus character score 
was associated with the bacterial growth density score. The difference in PMN was highly significant 
in animals with repeat breeding than control groups. In addition, PMNs was significantly with the 
character of vaginal discharge. High level of PMNs observed in buffaloes infected with A. pyogenes. 
Vaginoscopy examination combined with palpation of uterus increase the accuracy of diagnosing 
endometritis and cytogenic examination of uterine discharge is more reliable method of establishing 
the presence or absence of uterine inflammation in buffalo cows. Animals with repeat breeding 
(endometritis) showed clinical cure and improved pregnancy when treated with oxytetracycline and 
tylosin. The use of estradiol in repeat breeder cases has no effect in improving neither clinical cure rate 
nor pregnancy rate. Using manual massage for uterus and ovaries by rectal palpation is a successful 
method for treating true anestrous in buffaloes. 
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 In a study for the author and his co-workers on 1521 Egyptian buffaloes, anestrous was more 
common in buffaloes (39.6%) than in cattle (26.8%). The mean duration of anestrous was (187.45 – 
79.8 days). The mean duration of anestrous (from calving until the time of examination) was shorter in 
cattle (145.98 – 73.2 days) than in buffaloes (187.45 – 79.8 days). The incidence of repeat breeding 
was greater in cattle (20.4%) than in buffaloes (16.6%). Pregnancy diagnosis was carried out more 
frequently in cattle (52.6%) than in buffaloes (43.8%). Rectal and Ultrasonographic examinations 
revealed that, ovarian inactivity was the most common cause of anestrous (78.9%), followed by silent 
heat (16.6%). Miscellaneous causes of anestrous included pyometra�hydrometra�and mummified fetus 
(2.9%); pregnancy (0.8%); and ovarian cysts (0.8%). Ovarian inactivity was greater in buffaloes than 
in cattle during summer season and in summer than in winter. Silent heat was common in cattle than in 
buffaloes, but only in summer. Endometritis was the most frequent cause of repeat breeding (75.6%). 
The incidence of endometritis was greater in summer than in winter  

5.4.2. Treatment strategies 

 Local antibiotic therapy is the treatment of choice. As endometritis is in high percentage of 
buffalo cows associated with the presence of persistent luteal tissue, additional treatment with PGF2� 
is recommended to improve the uterine tonus, evacuate the pathological contents of the uterus and 
remove the immunosuppressive effect of progesterone. 

 Treatment of anestrous with prostaglandin F2� in buffalo cows and heifers with a corpus 
luteum resulted in higher pregnancy rates within one and two months after treatment as compared with 
treatment with a vitamin/mineral mixture. Buffalo cows and heifers with inactive ovaries bearing a 
dominant follicle were also successfully treated with gonadotropin releasing hormone, resulting in 
higher pregnancy rate within one month after treatment. The use of CIDR 7 days plus i.m. injection of 
25 mg of PGF2� in the 6th day plus i.m. injection of 10 µg GnRH in 8th day is an alternative to restart 
the ovarian activity in buffalo cows. 

 In conclusion, the predominant cause of anestrus in dairy buffaloes was true anestrus with 
inactive ovaries, and the duration of anestrus after calving as well as breeding was extremely long. 
Routine reproductive examination and adequate hormone treatment may improve the reproductive 
performance of these buffaloes. 

 Buffalo-cows could be served as early as 30 days post partum using combination of 10 µg 
GnRH and 25mg of PGF2�. 

 Treatment with PMSG, GnRH and mineral vitamin mixture gave satisfactory results to 
manage Egyptian buffaloes suffering from ovarian inactivity. 
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5.5. Infertility in Ewes and Does 

5.5.1 Causes 

 Abnormalities of the reproductive organs of female sheep were studied by examining 9970 
reproductive organs from cull ewes and 23,536 organs from nulliparous sheep (prime lambs) over a 
period of 12 months in abattoirs in south-west England. Overall, 3.37 per cent of the organs were 
pregnant (8.11 per cent of cull ewes, and 1.36 per cent of nulliparous sheep), with a peak incidence 
between September and December. A total of 655 ewes (6.57 per cent) and 459 nulliparous sheep 
(1.95 per cent) had acquired abnormalities of the reproductive organs. Within these totals, 
abnormalities of the ovaries accounted for 3.51 per cent (for the ewes) and 10.68 per cent (for the 
nulliparous sheep) of all the abnormalities, and abnormalities of the ovarian bursa and uterine tube 
accounted for 42.1 per cent (for the ewes) and 5.23 per cent (for the nulliparous sheep). In addition, 
uterine lesions (hydrometra and metritis) accounted for 9.92 per cent (for the ewes) and 13.51 per cent 
(for the nulliparous sheep); lesions of the cervix and vagina (total of 1.44 per cent) and Cysticercus 
tenuicollis cysts associated with the reproductive organs (total of 3.05 per cent) were less common. 
Among the ewes the most common ovarian lesions were ovulation tags, and follicular cysts were the 
most common in nulliparous animals. Lesions such as bursitis, parametritis and abscesses of the 
reproductive organs were much more common in cull ewes than in nulliparous sheep, probably having 
arisen from peripartum infections. Hydrosalpinx and hydrometra, in which the intraluminal fluid was 
clear, were present at relatively high incidence in nulliparous animals, but not in cull ewes. The 
proportion of organs containing macerated fetal remnants (2.14 per cent of all abnormalities in cull 
ewes) was lower than expected. It was considered that the functional significance of many of the 
lesions, such as ovulation tags and C tenuicollis cysts, was likely to be low, although in some cases of 
the latter calcification of the cyst had occluded the uterine tubes. Other lesions, notably hydrosalpinx, 
bursitis and metritis were likely to have made the affected animals sterile. The acquired abnormalities 
were therefore more significant in terms of individual animal infertility than as a major cause of 
infertility in flocks. 

 A total of 1000 female goats were randomly sampled for a period of seven months for gross 
genital defects. Gross genital defects had an overall prevalence of 20.9%, but those that can result into 
infertility or sterility were detected in 13.6% of the examined goats. The uterus exhibited the highest 
prevalence of lesions (14.6%) followed by the ovary (8.6%). Uterine tubes and the cervix had rates of 
lesions of 4.5% and 2.6%, respectively. Cervical lesions included cervicitis (1.4%), haemorrhages 
(0.3%) and adenomyosis (0.9%). Major uterine lesions included: metritis and endometritis (6.3%), 
adenomyosis (5.4%), intra-uterine foetal deaths (1.9%), haemorrhages (3.0%), hydrometra (0.5%) and 
pyometra (0.4%). Others were cystic endometrial hyperplasia (0.2%), perimetritis (0.3%), serosal 
cysts (0.2%), unilateral caruncular necrosis (0.2%) and melanosis (0.1%). Salpingeal lesions included 
salpingitis (3.7%) and hydrosalpinx (0.8%). Detected ovarian lesions included mainly tubo-ovarian�
bursal adhesions (3.7%), paraovarian cysts (2.2%), cystic corpora lutea (2.2%), cystic graffian follicles 
(1.1%) and granulosa-thecal cell tumour (0.1%). Others were ovarian quiescence (0.4%) and 
Cysticercus tenuicolis cyst (0.1%). Overall, majority of the lesions were infectious in nature and their 
prevalence increased with age. Fetal wastage had a prevalence of 38.4%. This study implicated 
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infections and foetal deaths as the major causes of genital lesions and revealed a higher prevalence of 
adenomyosis among goats than that reported in literature. Regular herd health investigations should be 
carried out to determine the extent and nature of the causes of infertility so as to appropriately advice 
the farmers. 

 Some pasture legumes contain chemicals called phyto-estrogens, which can affect the 
reproductive system of sheep. Many subterranean clover varieties and other clovers, such as red 
clover, contain high levels of the phytoestrogen formononetin. In the long-term, ewes grazing green 
pastures with high formononetin levels suffer reduced fertility, while short-term effects can include a 
prolapsed uterus, difficult lambing and a declining lambing percentage. 

Endometritis was considered as one of the causes of subfertility in ewes. Most inflammatory lesion 
of uterus are infectious in origin and result either from ascending infection by organism that normally 
inhibits the lower genital organs or infectious agents introduced in to the uterine cavity during mating, 
artificial insemination , or post-partum. The clinical signs of endometritis include a thin, watery, 
possibly purulent, malodorous vaginal discharge, association with retained fetal membrane, dystocia, 
retained dead lambs, abortion caused by toxoplasmosis, chlamydiosis, and listeriosis or uterine 
infection by Trueperella pyogeneserium pyogenes, Escherichia coli, Staphylococcus aureus, 
Pseudomonas aeruginosa, Klebsiella species, Proteus species, Streptococci species and Clostridium 
species being the isolates. Endometritis in ewes is mostly common in the luteal phase or postpartum 
and induces embryonic loss, as a result of uterine tissue disruption or direct embryo cytolysis. In 
addition, the absorption of bacterial components can prevent the growth of Graffian follicles and 
ovulation. In commercial sheep and goat flocks, diagnosis is seldom made antemortem, and treatment 
is generally impractical. In animals with a persistent uterine discharge, remnants of a macerated fetus 
should be considered as a nidus of chronic infection. 

Cystic Ovaries (Ovarian cysts) can appear on one or both ovaries and are usually thin-walled, fluid-
filled structures. They are the result of follicles that fail to ovulate. This condition seems to be more 
common in goats than in sheep. Studies indicate that certain superovulation protocols like pregnant 
mare serum gonadotropin (PMSG), high estrogen intake, and possible phosphorus deficiency, genetic 
predisposition, and stressful conditions or other health problems during the birthing process or 
postpartum interval may cause cysts to develop on the ovaries. In goats, genetics seem to play a 
dominant role. The most obvious signs that a producer may notice relate to the animal�s estrous cycles. 
Animals with cystic ovaries will often have constant or frequent estrus. Other animals may be 
completely anestrus (not cycle at all). Some females may exhibit male-like behavior.  

Hydrometra or pseudopregnancy is characterized by the accumulation of aseptic fluid within the 
uterus and a persistent corpus luteum. In goats the diagnosis can be easily made by ultrasound. The 
incidence of hydrometra was investigated in three herds of dairy goats, in two of them during one 
oestrous season and in the other over three years. The incidence varied between 3.0 per cent and 20.8 
per cent with a mean incidence of 9.0 per cent. The incidence in older goats was significantly higher 
than in yearlings, and the chance of a hydrometra increased with the age of the goats. The finding, 
during one year, that a pseudopregnancy occurred more often after an induced ovulation, was not 
repeated in another year.  
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Infertility may occur due to deficiency of one of the following elements: 

Selenium: infertility occurred due to embryonic mortality 3 to 4 weeks after conception. Important 
times and classes of stock for supplementation are: ewes and rams before mating to improve fertility; 
mid to late pregnancy for fetus and increase in selenium content in milk; oral and injectable 
supplementation short acting. Excess supplementation can be toxic. 

Cobalt (Vitamin B12): infertility occurred due to increased peri-natal mortality of lambs. 
Supplementation includes cobalt pasture spray or fertilizer, vitamin B12 injections or cobalt boluses.  

Iodine: infertility due to hormonal deficiency and high lamb mortality. Supplementation includes 
oral dosing with potassium iodide or iodized oil injections.  

5.5.2. Treatment strategies 

 Ovarian cysts: many animals may spontaneously recover from a cystic ovary problem; 
however, if treatment is required, the most common drugs given are gonadotropin-releasing hormone 
(GnRH) and human chorionic gonadotropin (hCG). It is recommended that 50-100 micrograms of 
GnRH or 750-1,000 IU of hCG be given. To prevent the development of cystic ovaries, start by 
evaluating the animal’s feed. Analyze the animal’s entire diet for the proper calcium to phosphorus 
ratio. It should be between 1.5:1 and 2:1 in the total diet. Do not use moldy feed. Toxins found in 
moldy feed can be high in estrogen. Because injectable estrogen products (estradiol cypionate - ECP) 
can cause cysts, their use should be monitored by a veterinarian. Genetic predisposition to ovarian 
cysts is possible; therefore, cull any animals known to produce cystic daughters. 

Hydrometra: an intramuscular injection of 5 mg dinoprost caused a discharge of uterine fluid 
(cloudburst) in 49 cases of hydrometra in goats during the breeding seasons of 1988, 1989 and 1990. 
A spontaneous estrus after the cloudburst was allowed to occur in 20 of the goats; in nine (45 per cent) 
of them a hydrometra recurred, three conceived at the first estrus and eight returned to estrus. Estrus 
was induced in 29 other cases by means of a second intramuscular administration of 5 mg dinoprost, 
12 days after the cloudburst. In this group a hydrometra recurred in only one goat, 14 goats (48 per 
cent) conceived at the first estrus and 14 returned to estrus. Of the animals in which a 
pseudopregnancy occurred once or more during the same breeding season, 85 per cent became 
pregnant, compared with 97 per cent of unaffected older goats. The mean number of kids of the goats 
that became pregnant and kidded after treatment for hydrometra was 2.0 compared with 2.3 for 
unaffected animals. The results indicate that a single administration of prostaglandin is not a 
satisfactory therapy for a hydrometra, but that reproductive performance improves when a second 
injection is given 12 days after the cloudburst. 

Endometritis: Systemic antibiotic and prostaglandin F2� injection are helpful in treating such cases. 
There is no way for local uterine treatment.    
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Table 5: Causes of infertility in female camels (n=3365) 

Cause  Incidence 

Endometritis 42.5% 

Ovarian hydrobursitis 35.6% 

Vaginal adhesion 14.8% 

Ovarian cysts 1.6% 

Ovarian inactivity 1.4% 

Anomalies of the genital organs 1.4% 

Hydrosalpinx 1.5% 

Ovarian tumors 0.5% 

Vaginal tumors 0.5% 
 

Table 6: Causes of infertility in mares (n=225) 

Cause Incidence 

Endometritis 44.4% 

Endometrial cyst 11.6% 

Narrow cervix /vaginal adhesion / pyometra 16% 

Ovarian inactivity 14.7% 

Pneumovagina 10.2% 

Ovarian tumor 2.7% 

Twining 0.4% 

 

Table 7: Causes of infertility in cows (n=1720) 

Cause  Incidence 

Inactive ovaries 44.4% 

Endometritis 30% 

Silent heat 21.9% 

Pyometra / hydrometra / mummified fetus 3% 

Ovarian cysts 0.9% 
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Table 8: Causes of infertility in buffalo-cows (n=1033) 

Cause  Incidence 

Inactive ovaries 68.5% 

Endometritis 19.2% 

Silent heat 10.8% 

Pyometra / hydrometra / mummified fetus 1.2% 

Ovarian cysts 0.3% 

 

 

Table 9: causes of infertility in goats (n=307) 

Cause Incidence 

Endometritis  20.5% 

Uterine adenomyosis 17.6% 

Salphingitis 12.1% 

Tubo-ovarian–bursal adhesions 12.1% 

Uterine hemorrhages 9.8% 

Cervicitis / cervical hemorrhages / cervical adenomyosis 8.5% 

Intra-uterine fetal deaths 6.2% 

Cystic Graffian follicles 6.2% 

Hydrosalpinx 2.6% 

Hydrometra 1.6% 

Pyometra 1.3% 

Ovarian quiescence 1.3% 

Perimetritis 1% 

Cystic endometrial hyperplasia 0.7% 

Unilateral caruncular necrosis 0.7% 

Melanosis 0.3% 

Granulosa-thecal cell tumour 0.3% 
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Table 10: Types and frequencies of uterine bacterial isolates in relation to various endometritis 

scores in female camels (n=20) 

Uterine bacterial isolates Endometrial Score 

      E0               E1              E2              E3            Total 

Cory. pyogenses 2x 2x 3x 2x 9x 

gram +ve bacilli 1x 1x 2x 1x 5x 

Staph. aureus - 1x - 1x 2x 

E. Coli - - 1x 1x 2x 

Proteus - 1x 1x - 2x 

Candida spp. - 1x - 1x 2x 

Ps. aeruginosa - 1x - - 1x 

Kleb. pneumoniae - - 1x - 1x 

Strep. spp 1x - - - 1x 

B-hemo Strep - - - 1x 1x 

Staph. zooepidemicus - - - 1x 1x 

Staph. epidermidis - - - 1x 1x 

Total 4 7 8 9 28 

E0: subclinical endometritis, E1: light endometritis; E2: moderate endometritis; E3: severe endometritis. 
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Table 11: Types and frequencies of bacterial isolated from uteri of mares affected with 

endometritis (n=20) 

Type of Bacteria Frequency of isolation 

E coli 16x 

Proteus mirobilis 3x 

Klebsiella oxytoca 3x 

Streptococcus agalactiae 3x 

Streptococcus ubris 2x 

Pseudomonas aeruginosa 2x 

Neisseria elongata 2x 

Alloioccus otitis 2x 

Neisseria cinerea 1x 

Kocuria kristinae 1x 

Shewanella puterfaciens 1x 

Staphylococcus lentus 1x 

Streptococcus thoraltensis 1x 

Staphylococcus intermedicus 1x 

Streptococcus chromogenes 1x 

Streptococcus equi zooepidemicus 1x 

Enterococcus faecium 1x 

Pasterulla canis 1x 

Enterococcus hirae 1x 

Gardnella vaginalis 1x 

Streptococcus parasaguinis 1X 

Klebsiella pneumoniae 1x 

Enterococcus gallinarum 1x 

Sphingomonas paucimobilis 1x 

Staphylococcus schleiferi 1x 
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Fig. 17: Diseases of the ovarian bursa in female camels (Makka - Qassim-KSA, 2010-2013). 
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A) Atresia of the vulva: complete closure of 
the vulva lips with only ventral narrow 

opening for urination. 

 

B) Narrow vulval opening C) Enlarged clitoris and 
narrow vulva with male 

behavior (virilism) 

 

 

D) Protruded fleshy tissues at the dorsum of 
the vestibulum (called “Said”) 

E) Multiple cystic structures in 
the vestibulum 

F) Pneumo-vagina with 
purulent discharges 

Fig. 21: Diseases of the vulva and vestibulm in female camels (Qassim-KSA, 2007-2009). 
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(A) Ultrasonography: 
unhomogenous echogenic structure 

(B) After surgical removal: hard 
fairly discoidal structure 

(C) On cross section: soft tissue  (1) 
surrounded by a thick bony layer (2) 

(D) Spindle and polymorphic cells. 
H&E, X400 

(E) Myxomatous and hyalanized  
stroma (1) with congestion (2). 

H&E, X400 

 

(F) Osteoid tissue (1) detected in the 
stroma. H&E, X400 

 

Fig. 23: Ultrasonography, morphology, and histopathology of the mixed germ cell tumor in a 
mare (Qassim-KSA, 2012). 
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Fig. 25: Diseases of the uterus in mares (Qassim-KSA, 2007-2013). 
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Fig. 26: Disease of the vulva in mares (Qassim-KSA, 2007-2013). 
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Fig. 31: Diseases of the genital organs in buffalo-cows (Assiut-Egypt, 1988-2007). 
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Chapter 6 

Pregnancy 

The entire process of sexual reproduction is centered on the act of fertilization, which consists 
essentially of the fusion of two cells, the male sperm and the female egg, to form one single cell, the 
zygote. Each sperm cell or egg contains only half the normal number of chromosomes or genetic 
material, so that when fusion occurs the new individual contains the full complement of chromosomes 
specific for that species. The female egg, which was released from the ovarian follicle surrounded by 
cumulus cells at the time of ovulation, arrives at the junction one to two days after standing heat, 
denuded of the cumulus cells and ready for fusion with the sperms. The fertile life span of the ovum is 
very short (8 to 12 hours). Although the total number of sperm deposited into the female tract 
measures in the thousands of millions, the number travelling as far as the ampulla is probably not 
much more than 1000 in any mammal. Some sperms reach the site of fertilization very quickly  
(15 minutes), but in order to fertilize the egg, sperm must go through changes termed capacitation. The 
fertile life span of sperm is relatively longer than that of the ovum. The sperm must penetrate two 
membranes on the egg in order to complete fertilization. The first outer membrane that the sperm must 
penetrate is called the zona pellucida. Passage of the sperm into the zona pellucida is facilitated by 
proteolytic enzymes released from the sperm head when its acrosome is lost. The zona pellucida 
undergoes some sort of change after the passage of a sperm which makes it less easy for subsequent 
sperm to enter. This is called the zona reaction and is one measure of protection against polyspermy. 
The last stage of sperm penetration into the egg involves the attachment of the sperm head to the 
surface of the vitelline membrane. This is a vital period in the fertilization process since it is at this 
time that activation occurs. Stimulated by the close proximity of the sperm, the egg awakens from its 
dormancy and development begins. The sperm plasma membrane and vitelline membrane of the egg 
then rupture and fuse with one another to form a continuous cell membrane over the ovum and outer 
surface of the sperm. The other defense mechanism against polyspermy is shown by the vitelline 
membrane and is termed the vitelline block. The fertilizing sperm is actively engulfed by the vitellus; 
but subsequently, the vitelline surface becomes unresponsive to sperm contact and no further sperm 
are engulfed. The disadvantage of polyspermy to the organism is that it leads to an abnormal number 
of chromosomes in the embryo, which is a fatal condition. Once the male and female membranes fuse, 
the genetic material from each parent is able to join in a process called syngamy to form one new 
individual. The process of fertilization is now complete and the fertilized ovum undergoes its first 
cleavage to produce a two celled embryo. Each daughter cell now contains the normal diploid number 
of chromosomes, half of which have been derived from the egg and half from the sperm. Cleavage of 
the newly fertilized embryo is simply mitotic divisions of one cell into two cells, two cells into four 
cells, four cells into eight cells, and so on. The embryo moves from the uterine tube into the uterus at 
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about the 8-cell stage, usually 3 to 3 1/2 days after ovulation. At this point, the embryo is free-floating 
within the uterus, and depends upon uterine secretions for nourishment. By the 16- to 32-celled stage, 
the cells of the embryo are crowded together into a compact group still within the zona pellucida. The 
embryo is now known as a morulla. Fluid begins to collect between the cells and an inner cavity or 
blastocyst appears. Once the cavity begins to expand, the embryo is known as a blastocyst. A single 
layer of large flattened cells, the trophoblast layer, surrounds a knob of smaller cells which lie to one 
side of the central cavity. Knob or inner cell mass, will give rise to the adult organism while the cells 
of the trophoblast form the placenta embryonic membranes. Maternal recognition of pregnancy must 
take place about day 16 to 17, or the uterus will produce prostaglandin F2� which will regress the 
corpus luteum. If the corpus luteum regresses, circulating progesterone levels will decrease and the 
embryo cannot implant. It is now believed that embryo produces a protein or hormone-like substances 
which signal the uterus of its presence and thereby either blocks secretion of uterine prostaglandin F2� 
or rend the corpus luteum insensitive to its luteolytic action. Significant embryo losses can occur 
around the time of maternal recognition of pregnancy due to either failure of the embryo to produce 
the signal or failure of the mother to recognize the signal from the embryo. Progesterone, which is 
secreted by the corpus luteum of the ovary, acts to decrease muscular activity of the uterus. In 
addition, progesterone increases stimulates proliferation of the uterine epithelium, and increase the 
uterine milk secretion. The length of gestation extends from the time of fertilization until birth of the 
offspring. The fetal and maternal hormone systems interact throughout pregnancy such that pregnancy 
not only is maintained but that continued development and growth of the fetus is assured. Perhaps the 
most marked example of the ability of the fetus to regulate the mother’s system is its ability to program 
development of the udder so that milk production is synchronized with parturition.  

The Placentation, fetal development, changes in genital organs during pregnancy, and 
ultrasonographic pregnancy diagnosis are shown in Table (12) and Figs. (33-44). 

 

6.1. Pregnancy in Camels 

The gestation lengths for the old and new world camelids are 13 and 11 months, respectively. 
However, longer and shorter gestation periods have been reported.  This variation in gestation length 
could be due to the method of husbandry, number of matings over the entire period of estrous, number 
of pregnancies, sex of the fetus, breed or season of conception. Embryos resulting from fertilized ova 
in the right horn must have migrated to the left horn for unknown reasons. The embryotoxic effect 
associated with the right uterine horn, an alternative that involves prostaglandin-F2�- mediated 
luteolysis has been suggested. However, right horn pregnancy has been recorded in dromedary camels.  

6.1.1. Development of the conceptus 

 At ovulation the ovum or egg is collected by the fundibular end of the uterine tube or uterine 
tube. It is transported down the uterine tube towards the uterus possibly by a combination of cilial 
(hair-like) action and muscular contractions. Transport through the uterine tube appears to be under 
the control of ovarian steroid hormones since estrogens reduce and progesterone increases the speed of 
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passage of ova through the uterine tubes. Fertilization normally occurs in the ampulla section of the 
uterine tube close to the junction with the isthmus. The embryo usually enters the uterus between days 
6 and 7 after ovulation in the dromedary. On Day 6 after ovulation the camel embryo is a spherical 
early blastocyst still encased within its zona pellucida. The blastocoele had started to develop and the 
ICM is clearly visible at one pole of the embryo. By Day 8 the embryo has increased in size and has 
now become a fully expanded blastocyst that has hatched from its zona pellucida. At Day 10 the 
embryo is just starting to elongate so it now has the outline shape of a rugby football of about 4 mm 
length. By Day 12 it has further elongated to approximately 20 mm in length. 

 Camelids, although closely allied to ruminants, have a "diffuse epitheliochorial" placenta.  

 By Day 14, the majority of the trophoblast had become closely opposed to the luminal 
epithelium of the endometrium to form the start of an epitheliochorial placenta. By Day 25 microvilli 
on the surface of the trophoblast cells interdigitate with those on the surface of the underlying luminal 
epithelial cells to form a well developed microvillar junction between fetal and maternal tissues. By 
Day 35, the fetus can be easily seen situated in the middle of the left horn and its head, neck and limb 
buds are easily discernible. Histologically, large multinucleate giant trophoblast cells had developed at 
frequent but irregular intervals along the trophoblast. The allantochorion now covers the entire luminal 
surface of the left horn and body of the uterus but it has only reached halfway up the right horn. By 
Day 56, the foetus now has a more finely defined head, neck, limbs and tail and the allantochorion 
now fills both the right and left horns. Histologically, numerous large, multi-nucleate syncytium-like 
cells are present in the trophoblast layer. 

 During the second half of gestation, there is a little real change in the trophoblast during the 
rest of gestation. The large multi-nucleate cells are present throughout pregnancy. However, the 
chorionic villi become more extensively branched and very dense intra-epithelial and sub-epithelial 
networks exist both in the chorion and endometrium, so the maternal and foetal capillaries are in very 
close contact with each other. 

 In a study for the author and his co-workers, serial ultrasonographic examinations were carried 
out on seven pregnant dromedary camels.  

6.1.2. Endocrine control of pregnancy 

 Progesterone: Studies on progesterone concentrations during pregnancy in the camelidae 
confirm that these species depend on ovarian progesterone throughout their pregnancy. Ablation of the 
CL-bearing ovary or administration of PGF2� or its analogue causes abortion or premature parturition 
at all stages of pregnancy, thus it would seem likely that the placenta either fails to secrete 
progesterone at all, or it does so in amounts insufficient to maintain pregnancy without help from the 
ovaries. In the mated dromedary, serum progesterone concentrations increase from day 3 after 
ovulation to concentrations of around 3.4 ng/ml by day 8. If the camel is not pregnant, concentrations 
rapidly return to basal levels of <1 ng/ml by days 10 - 12, however, if she is pregnant the progesterone 
concentrations are maintained between 3 and 5 ng/ml for the first 90 - 100 days of gestation. 
According to some studies, progesterone levels then decrease slightly to 2 - 4 ng/ml where they 
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remained until day 300. A further slight decrease then occurs over the next 70 - 80 days followed by a 
rapid drop to values of <1 ng/ml on the day before, or the day of parturition. Other studies have shown 
there to be a gradual decrease in progesterone concentration from 5 months of gestation until 
parturition. 

 The measurement of progesterone concentration in peripheral blood can thus be invaluable in 
the early detection of pregnancy. If a blood sample is taken between days 12 - 15 and the value is still 
high (i.e. >1.0 ng/ml) this would indicate that the camel is possibly pregnant. If the value has dropped 
to <1.0 ng/ml then the camel is definitely not pregnant. 

Estradiol-17�: Serum oestradiol-17� concentrations show a first definite increase around day 20 - 25 
after ovulation and continue to rise until concentrations of around 100 pg/ml are reached between days 
60 - 70. This increase in rate of secretion of estrogen could be ovarian or placental in origin. The latter 
seems more likely as we have shown that extra embryonic membranes of the camel conceptus possess 
considerable aromatizing capacity from as early as day 10 after ovulation. The timing of the estrogen 
increase in the final 70 - 80 days in the pregnant dromedary coincides with the important period of 
increase in fetal weight and fetal fluid volume between 9 and 12.5 months. 

Estrone sulphate: In dromedaries the oestrogen sulphate concentrations show two definite peaks of 
about 10 ng/ml in early gestation. The first peak occurs around day 26 and the second around day 70. 

13, 14 dihydro-15- keto prostaglandin F2� (PGFM): Secretion of prostaglandin F2� in the 
dromedary, as revealed by measurement of its metabolite PGFM, remains between approximately 
100 - 200 pg/ml during the first 320 days of gestation, thereafter over the next 50 days it rises sharply 
to around 1000 pg/ml, before a further explosive increase to peak values of 2000 pg/ml on the day of 
calving. 

Thyroid Hormones: Thyroid hormones play an important role in modulating metabolic activity, 
growth and differentiation of vital organs. The average peripheral concentrations of T4 (thyroxine) and 
T3 (Triiodothyronine) in pregnant dromedaries varies from 76 to 116 ng/ml and from 0.7 to 1.3 ng/ml 
respectively. 

Relaxin: Relaxin is probably secreted by the feto-placental unit and is implicated in the growth of the 
uterus during pregnancy and relaxation of the ligaments and cervix at the end of pregnancy. 

Antiluteolytic substance: The camel is basically a ruminant but it has an epithelial-chorial placenta 
like a horse and pig and it is an induced ovulator in which the CL that develops after a sterile mating 
has a lifespan of only 8 - 10 days. Hence, during normal pregnancy the camel conceptus must pass its 
antiluteolytic signal to the endometrium by day 8 or 9. Until recently no one had tried to indentify this 
maternal recognition pregnancy signal in camelids, Some experiments were carried out to investigate 
the possible roles of either foetal oestrogens or interferon-like proteins in this process. Results of 
incubation experiments of known weights of embryonic tissues showed convincingly that the young 
camel conceptus does not synthesize any interferon-like proteins similar to ovine IFN. In contrast 
however, further incubation studies of embryonic tissue with tritiated (i.e. radioactively labeled with 
3H) estrogen precursors (i.e. androstenedione) showed even more clearly that they produce strikingly 
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large amounts of both estradiol -17� and estrone from as early as day 10 after ovulation but 
concentrations of both oestradiol-17� and estrone declines from day 22 onwards and is negligible by 
day 60. This onset of estrogen synthesizing ability by embryonic tissues coincides well with the 
observed time of luteolysis following a sterile mating, thereby prompting the suggestion that these 
fetal estrogens may form an important component of the vital maternal recognition of pregnancy 
signal that must be transmitted by the embryo to maintain luteal function. 

6.1.3. Pregnancy diagnosis 

 External signs: refuse mating and tail "cocking" are possible to detect pregnancy in camels as 
early as two weeks after mating. The pregnant female erects and coils tail when approached by a male 
camel. However, these symptoms have been noted in female camels having closed/adhered cervix 
accompanied with or without uterine distension with fluid or pus.   

 Rectal Palpation: The membrane slip test, described in cattle pregnancy diagnosis, is not 
possible in camelidae because of the diffuse type of placentation. Therefore positive pregnancy 
diagnosis can only be achieved if the CL and fetus are palpated. The earliest sign of pregnancy is the 
persistence of the CL which continues to grow until day 35 of pregnancy. It is usually soft, flabby and 
spherical in shape, measuring about 25 mm in diameter, but becomes out of reach after about 90 days. 
It is not until about day 45 that uterine changes due to pregnancy can be detected by rectal palpation 
and the first sign is an increase in the diameter of the left horn. However it is not until approximately 
the third month of pregnancy that the gravid horn feels obviously bigger and softer than the non-gravid 
horn and the uterus becomes more abdominal as the amount of fetal fluid increases. The cervix is 
pulled forward and lies just at the brim of the pelvis at 4 months, and by the fifth month the uterus is 
completely in an abdominal position with a small degree of fluctuation, but the fetus is not always 
palpable. From the 6 month onwards the fetus can be palpated, first by ballottement, and then the head 
and legs become easily palpable as the fetus starts its ascent. Precise estimation of the stage of 
pregnancy by rectal palpation in the dromedary is not possible beyond 3 months because of the 
absence of structures such as cotyledons and difficulty in reaching the fetus in this species. 

 Ultrasonography: in a study conducted by the author and his co-workers, a total of 329 
examinations were conducted between the 2nd and the 54th weeks of pregnancy. Intrauterine fluid 
accumulation was detected between the 2nd and 3rd weeks of pregnancy. The embryo proper was 
noticed between the 3rd and 4th weeks. Organization of the embryo was first observed between the  
6th and 7th weeks. Ossification was first detected between the 7th and 9th weeks. The accessibility 
during the total gestational period was 35/329 (10.6%) for crown-rump length, 35/329 (10.6%) for 
biparietal diameter, 42/329 (12.8%) for abdominal diameter, 42/329 (12.8%) for ruminal length, and 
126/329 (38.3%) for eyeball diameter. A high correlation was found between gestational age and each 
of the studied parameters. The highest correlation was found with the crown-rump length and the 
biparietal diameter during the 1st trimester and with the eyeball diameter during the 3rd trimester of 
pregnancy. The overall accuracy of the ultrasonic prenatal fetal sex assessment was 91.7%. The best 
window was found during the 11th week of pregnancy. It was concluded that sonographic fetometry 
can be useful for the evaluation of fetal development, the estimation of gestational age and the 
prediction of prenatal fetal sex in camels.   
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6.2. Pregnancy in Mares 

6.2.1. Development of the conceptus 

 Pregnancy length is approximately 330�345 days in the mare, but is very variable, with 
extremes of 310�370 days or even longer occurring not infrequently. The median pregnancy duration 
in Arabia mares is 335 days (range 320-360 days). After fertilization, the conceptus reaches the uterus 
about 5�6 days later. The conceptus is mobile in the uterine horns and body for up to 16 days. The 
mobility phase is important for the maternal recognition of pregnancy. The conceptus becomes lodged 
at the base of one of the uterine horns. Lodging (fixation) of the conceptus occurs on day 16. The 
embryo proper develops on the ventral aspect of the conceptus. Development of early allantois 
between embryo and trophoblast raises the embryo dorsally. The embryo can now be identified using 
ultrasound. As the yolk sac (which is dorsal to the embryo) becomes smaller and the allantois becomes 
larger, the embryo moves further dorsally within the conceptus. The mesoderm surrounding the yolk 
sac carries blood vessels. The umbilicus will be attached dorsally at the base of one uterine horn. After 
about 35 days, most organogenesis is completed and the embryo is called a fetus. The fetus remains in 
the uterine horn until about 70�80 days, but is then usually in the uterine body until 6�7 months. By 
now, the fetus is becoming too large be held by the uterine body alone, and its hindquarters begin to 
occupy one horn, usually the original pregnant horn. After this time the fetus cannot change its 
presentation. Until just before the second stage of parturition, the fetus usually lies in a ventral or 
lateral position, with limbs, head and neck flexed. 

 The uterus becomes progressively more turgid from about 15 days to 21 days post ovulation. 
The conceptual swelling protrudes at the base of one of the uterine horns and can be detected by 
palpation. This swelling is 3�5cm in diameter and it bulges ventrally. The uterine wall over the 
conceptus is thin, but the persistent tone in the adjacent uterus keeps the conceptus in place after day 
16. As the conceptus grows, the swelling becomes larger but remains roughly spherical. By 60 days, 
the swelling is about 12 cm in diameter and fills the pregnant horn. The body and non-pregnant horn 
are still tonic. After 60 days the swelling usually becomes less tense and starts to involve the body and 
eventually the non-pregnant horn. By 90 days, the whole uterus is filled with fluid. Further distension 
of the uterus causes the ventral surface of the uterine body to lie against the ventral body wall. The 
dorsal surface of the uterus is suspended by the broad ligaments. Distinction between body and horns 
becomes less obvious. 

 On day 36, endometrial cups start to develop in a ring round the equator of the conceptus. The 
endometrial cups produce equine chorionic gonadotrophin (eCG) (previously termed pregnant mare 
serum gonadotrophin (PMSG). As the conceptus becomes larger, cups are adjacent to the dorsal 
aspect. On 100�150 days, the cups become necrotic and slough off the surface of the endometrium, 
and come to lie between it and the allantochorion. The hippomane is a soft calculus of cellular and 
inorganic debris which forms in the allantoic cavity. Occasionally there are accessory small 
hippomanes either free in the fluid or attached to the chorioallantoid membrane, particularly on the 
chorioallantoic pouches (wrongly called �false hippomanes�). 
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6.2.2. Endocrinology of pregnancy 

 Early pregnancy (the first 14 days) is similar to the non-pregnant luteal phase. However, in the 
non-pregnant mare the endometrium secretes prostaglandin on approximately day 15 after ovulation. 
This causes regression of the corpus luteum and the return to estrus. In the pregnant mare the 
conceptus produces a signal (called: maternal recognition of pregnancy) which prevents the 
production of prostaglandin. The early mobility of the embryonic vesicle is important to ensure that all 
areas of the endometrium receive the signal. The most important time is 14�15 days after ovulation. 
Impairment of the mobility of the conceptus at this time is most likely to result in an incomplete signal 
and the production of prostaglandin from some areas of the endometrium. 

 The corpus luteum that forms after ovulation is called the primary corpus luteum. 
Progesterone production from the primary CL starts to decline from day 25 onwards. Secretion of eCG 
from the endometrial cups is first detectable between days 35 to 42 after ovulation, reaching peak 
concentrations at approximately day 60. It is thought that eCG is responsible for maintaining 
progesterone production from the primary CL, but in addition it is responsible in part for the 
development of secondary, also called accessory or supplementary CLs. These structures are formed 
from either ovulation or luteinization of follicles that are present in the ovaries at this time. 

Progesterone: there are significant variations in progesterone concentration throughout pregnancy in 
the mare. Progesterone concentrations (from the primary CL) usually decrease slightly at day 14�16 
post ovulation, but are rarely less than 1ng/ml. Progesterone also starts to decline approaching  
day 30 after ovulation. From approximately day 40, concentrations increase due to stimulation of the 
primary CL by eCG and development of secondary CLs under the action of eCG. At this time ovaries 
are usually large. Progesterone produced by the primary and secondary CLs maintains the pregnancy 
for the first five months of gestation. eCG concentrations start to decline after day 70, and 
progesterone concentrations follow a similar trend. Peak ovarian progesterone production generally 
occurs at approximately day 80 after ovulation. All CLs have degenerated by 200 days after ovulation; 
after this time ovaries are very small. The feto-placental unit also synthesizes progesterone, which 
appears in plasma at approximately day 30 and increases gradually until day 300. At approximately 
day 200 there is therefore, a transition from ovarian progesterone to placental progesterone 
dependence. Placental progesterone acts locally, so blood concentrations are low after five months of 
gestation. Progesterone concentrations increase just before parturition. 

Equine chorionic gonadotrophin (eCG) or PMSG: eCG is produced by the endometrial cups. eCG 
concentrations increase in plasma from approximately day 40. Peak concentrations are reached at 
approximately day 60. At 100�150 days the cups become necrotic and slough off. eCG concentrations 
are normally basal by day 120. 

Estrogen: there are several sources of estrogen in the pregnant mare. Estrogens produced by the early 
conceptus as early as day 12. These estrogens are locally produced and do not increase circulating 
concentrations. Estrogens produced by the ovary, increase at approximately the time that eCG is 
produced from the endometrial cups. Additionally, estrogens produced by the feto-placental unit, 
increase after day 60. The large amount of estrogen in late pregnancy is produced by the fetal gonads. 
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In general, until approximately day 80, plasma estrogen concentrations are low; thereafter vast 
quantities of equilin, equilenin, estrone and 17-B estradiol may be detected. Both blood and urine 
concentrations of these estrogens remain high until 300 days, after which they decline to parturition. 
Estrone is conjugated to estrone sulphate in the fetal liver; the amount of this hormone in the maternal 
circulation is an indication of fetal �well-being�. 

Luteinizing hormone: LH concentrations are low throughout gestation. 

Follicle stimulating hormone: FSH is released episodically up to 40 days and probably also to about 
100 days. Before 40 days it is responsible for follicular development, and thereafter it is probably 
synergistic with eCG in causing marked ovarian activity. 

6.2.3. Pregnancy Diagnosis 

External signs  

 Absence of estrus is commonly used by owners as an initial screening method. However, 
some mares show estrous behaviour when pregnant and these mares may be mated, especially if 
restrained: this may cause embryonic death, if the cervix is opened during coitus � more likely in old 
or recently-foaled mares. It is commonly assumed that the mare will be in estrus 21 days after mating, 
and this is not necessarily true. On the other hand, non-pregnant mares may occasionally enter 
lactational anoestrus. 

Clinical examination 

 At 18�21 days: good uterine tone and a tightly-closed cervix are indicators of pregnancy. At 
21�60 days: good uterine tone, swelling at the base of uterine horns and tightly-closed cervix; all must 
be present for positive diagnosis.  

By 60�120 days: swelling becomes less discrete, uterine horns become more difficult to palpate and 
uterine body becomes more fluid filled and prominent. The extension of the broad ligament between 
the uterine horn and the ovary (the mesosalpinx) is pulled into a tight band. Fetus can sometimes be 
balloted.  

 By 120 days to term: cervix becomes softer, fetus becomes more obvious. Dorsal surface of 
uterine body is always in reach. Fetus often felt moving after six months.  

Ultrasound examination 

 From ten days after ovulation the conceptus can be imaged; it appears as a spherical anechoic 
structure approximately 2mm in diameter. The conceptus rapidly increases in diameter to reach 
approximately 10mm in diameter 14 days after ovulation. The outline remains circular presumably 
because of the thick embryonic capsule. Until day 16 the conceptus is mobile and may be identified 
either within the uterine horns or the uterine body. From day 17 until day 28 the increase in conceptus 
diameter is slowed. After fixation the conceptus rotates so that its thickest portion, the region of the 
embryonic pole, assumes a ventral position. From day 17 the conceptus appears triangular or flattened 
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in outline. The embryo may be imaged from approximately 21 days after ovulation when it appears as 
an oblong-shaped hyperechoic structure adjacent to the ventral pole of the conceptus. A heartbeat is 
commonly detected within the embryonic mass from approximately 22 days after ovulation. Growth of 
the allantois lifts the embryo from the ventral position and the allantois per se may be identified from 
day 24, when it appears as an anechoic structure ventral to the embryo. The size of the allantois 
increases and that of the yolk sac is gradually reduced until at approximately 30 days after ovulation 
they are similar in volume. From day 30 onwards, it is possible to image the amnion surrounding the 
developing embryo. At 35 days after ovulation the embryo is approximately 15mm in length and the 
allantois is three times the volume of the yolk sac. By days 38�40 the fetus is positioned adjacent to 
the dorsal pole of the conceptus. At day 40 the yolk sac is almost completely absent, and the 
umbilicus, which attaches to the dorsal pole, can be imaged. The umbilicus increases in length 
allowing the fetus to move to a ventral position within the conceptus. The fetus is positioned adjacent 
to the ventral pole from 50 days after ovulation. After day 50, limb buds can be readily imaged. The 
abdominal and thoracic portions of the fetus can be differentiated after day 50. Imaging of the fetal 
stomach is possible after day 60. The stomach is variably filled with anechoic fluid and can be 
detected caudal to the liver in more than 90% of fetuses. The fetal eyes may be imaged from day 60 
and measurement of their diameter may be used to estimate the gestational age. 

 In a recent study on thoroughbred mares, out of 54 pregnancies, 28 (51.85%) pregnancies 
found in the right and 26 (48.15%) found in the left uterine horns. The embryonic vesicle was detected 
in all mares by the 15th day of pregnancy while the embryo was obvious by Day 21. Embryonic 
vesicle changed its shape from spherical on Day 15, oblong (36/54, 66.67%) or round (18/54, 33.33%) 
on Day 18 and changed to a guitar-pick or triangular shape by Day 21 of pregnancy. From Days 28 to 
75 of pregnancy, the shape became irregularly spherical. The embryo and later the fetus changed its 
location form the ventral (Day 21), dorsal (Day 28 and 35), lateral (Day 45) to finally the ventral 
aspects of the gravid horn on Day 60 of gestation. Organization of the fetus into head, body, and limb 
buds was firstly observed in 64.81% of studied mares (35/54) by Day 45 and in all animals by the 60th 
day of pregnancy. Beginning of the ossification was observed in the head, ribs, and vertebrae in 
87.03% of mares (47/54) by Day 60 of pregnancy. The fetal skeleton becomes visible during late 
pregnancy; the head, spinal column and ribs produce intense reflections that are easily identifiable. 
From 150 days onwards it is not always possible to image the entire fetus using high-frequency 
transducers because of their short depth of penetration. The dorsal portion of the fluid-filled uterus can 
always be imaged and the fetus may be seen by using a lower-frequency transducer either transrectally 
or trans-abdominally. From eight months of pregnancy it may be difficult to image more than a small 
portion of the fetus because of its large size. In the last trimester the amniotic cavity is increased in 
volume, and the amniotic fluid contains multiple, small, echogenic particles. 

 Endometrial glandular or lymphatic cysts are common in old mares. They are fluid filled and 
therefore appear anechoic when imaged with ultrasound. Cysts commonly have a fine, moderately-
echogenic wall which may not be fully appreciated unless there are multiple cysts or there is free 
uterine fluid. Cysts may range from several millimeters to several centimeters in diameter. Luminal 
cysts may be confused with early conceptuses. To avoid these problems, it is prudent to record the 
size, shape and position of uterine cysts prior to breeding. Cysts do change in their appearance during 



���� Comparative Theriogenology

�
the year, however their position is constant. Additionally, cysts are often irregular in outline; cysts are 
frequently lobulated; cysts do not always have dorsal and ventral pole specular echoes; cysts do not 
change position; cysts do not increase in size; large cysts do not contain an embryo, whilst this can be 
seen in a conceptus after day 21. 

 Fetal sex may be accurately diagnosed 55�80 days after ovulation. Interpretation is difficult 
unless the operator is experienced. Diagnosis relies upon identifying the position and appearance of 
the genital tubercle. This is best done 55�75 days after ovulation. It is important to identify three 
structures: (1) Genital tubercle; (2) Umbilicus; (3) Tail. The genital tubercle is a bilobed structure 
approximately 2mm in diameter. In the male, the distance between the genital tubercle and the 
umbilicus is less than the distance between the genital tubercle and the tail. The opposite relationship 
exists in the female. Trans-abdominal ultrasound may be used for sex determination after nine months� 
gestation. 

Laboratory methods 

 Progesterone concentrations in plasma (or milk) can be measured by Radio-immunoassay or 
Enzyme-linked immunosorbent assay (ELISA) tests: At 18�20 days post-ovulation pregnant mares 
should have plasma progesterone concentration above 1ng/ml but not all mares with high progesterone 
are pregnant (prolonged diestrus, early fetal death and mares with short cycles); mistiming of sampling 
(relative to previous ovulation) will give erroneous results; occasionally pregnant mares have low 
progesterone concentrations for short periods of time; thorough clinical examination gives cheaper and 
more complete and accurate information on the mare�s reproductive status. 

Equine chorionic gonadotrophin (eCG=PMSG) appears in the blood in detectable concentrations at 
approximately 40 days after ovulation and usually persists until 80�120 days after ovulation. The 
hormone is produced by the endometrial cups. The amount of eCG produced varies greatly from mare 
to mare, and mares carrying multiple conceptuses do not necessarily produce more than those with 
singleton pregnancies. eCG can be detected by radio-immunoassay, haemagglutination-inhibition test 
and latex agglutination test. 

 Placental estrogens reach peak concentrations in plasma and urine at 150 days, and 
concentrations remain high until after 300 days. Estrogens are tested for in the urine (free estrogens 
produce a colour reaction with sulphuric acid). The Cuboni test is the most accurate but involves an 
extraction procedure using benzene (carcinogen) and acid. The Lunaas test is simpler, uses acids but is 
sometimes difficult to interpret. Plasma assays for oestrone sulphate are commercially available. 

 

6.3. Pregnancy in Cows 

6.3.1. Development of the conceptus 

 The average length of gestation is regarded typically as 280�285 days. Gestation is often 
divided into three stages: (1) the ovum from 0�13 days, (2) the embryo from 14 days, when germ 
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layers begin to form until 45 days, and (3) the fetus from 46 days until parturition. The ovum begins to 
divide mitotically, a process known as cleavage, immediately after fertilization is complete. Division 
continues so that a solid cluster of cells or blastomeres known as a morula (mulberry shape) is formed 
by five or six days. The ovum enters the uterus 4�5 days after ovulation. From about day 6 after 
fertilization, the ovum begins to hollow out to become a blastocyst. This consists of a single spherical 
layer of cells, the trophoblast, with a hollow centre, but also with a group of cells, the inner cell mass 
at one edge. The inner cell mass is destined to form the embryo, whilst the trophoblast provides it with 
nutrients. At about day 8, the zona pellucida begins to fragment and the blastocyst �hatches�. This is 
then followed by a period of blastocyst elongation. Development of the so-called germ layers begins 
from about the fourteenth day and characterizes the beginning of the embryo phase. The three germ 
layers arise from the inner cell mass and are termed the ectoderm, mesoderm and endoderm. The 
ectoderm gives rise to the external structures such as skin, hair, hooves and mammary glands and also 
the nervous system. The heart, muscles and bones are eventually formed from the mesoderm whereas 
the other internal organs are derived from the endoderm layer. By day 16, the embryo is sufficiently 
developed to signal its presence to the maternal system and prevent the luteolysis that would have 
occurred if the cow had not been pregnant. By day 45, formation of the primitive organs is complete 
and the fetal phase is considered to have begun. The embryo becomes attached to the endometrium by 
means of its membranes, through which nutrients and metabolites are transferred from mother to fetus 
and vice versa. The attachment process is known as implantation and may begin as early as day 20, 
although definitive placentation does not occur until day 40�45. The placenta is formed by intimate 
contact between the chorion and the endometrium. In ruminant species, the placenta is described as 
�cotyledonary� since placental attachment occurs only in the discrete areas of the endometrial 
caruncles. Exchange of oxygen, carbon dioxide and nutrients between embryo and mother takes place 
solely through the cotyledons.  

 Fetal growth is increasing as pregnancy progresses. Pregnancy appears to occur more 
commonly in the right uterine horn than in the left at a ratio of 60 : 40, with the corpus luteum 
typically being on the same side, reflecting the slightly more active right ovary as reported by several 
authors. Approximately 1.4% of cattle births are twin births.  

6.3.2. Endocrinology of pregnancy 

Estrogen: Ovarian follicle development continues during pregnancy as a result of low levels of 
gonadotrophin secretion. Both ovarian follicles and the embryo-placental unit produce estrogens. 
Changing ratios of this estrogen and progesterone can cause some cows to show estrus during 
pregnancy, but this is not usually accompanied by ovulation.  

Progesterone: Progesterone concentrations rise during the first few days of pregnancy in a similar 
manner to that occurring in the early luteal phase of the non-pregnant animal. The presence of the 
corpus luteum is necessary up to day 200 and the corpus luteum secretes progesterone throughout 
pregnancy. If cows are ovariectomized after 200 days, normal pregnancy will be maintained. There is 
evidence that in the pregnant cow major sources of progesterone during pregnancy are the adrenal 
glands and the placenta. 
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Gonadotrophins: Mean plasma LH concentrations are low during pregnancy. However, pulsatile 
secretion of LH does continue. This low rate of LH release must be sufficient to maintain progesterone 
production at least during early pregnancy, unless other luteotrophic substances are involved. There is 
little information on the release of FSH during pregnancy, but it is assume that it is secreted at 
relatively low levels. The placenta secretes a protein hormone, placental lactogen, which also has 
gonadotrophic properties.  

6.3.3. Pregnancy Diagnosis 

External signs 

Non-return to service: A cow was diagnosed as non-pregnant if she was seen in estrus approximately 
21 days after service. The percentage of cows not seen in estrus at about this time is known as the non-
return rate.   

Laboratory methods 

Progesterone measurement: The measurement of progesterone to check for pregnancy offers the 
possibility of diagnosis at day 21 post-insemination. In the pregnant cow, blood and milk progesterone 
concentrations remain high between days 21 and 24 after ovulation, when they would be basal in the 
nonpregnant animal. Therefore a sample taken at this time may be used to discriminate between the 
pregnant and non-pregnant cow. The development of rapid highly sensitive ELISA procedures has 
allowed the commercial exploitation of this test. If the progesterone level is low, the cow is definitely 
not pregnant, provided that the right sample has been taken from the correct cow and the test has 
worked properly. If the progesterone level is high, the cow could be pregnant (80% accuracy). There 
are a number of reasons for false positive tests: (1) The cow may not be pregnant but the life of the 
corpus luteum may still be extended for some reason, such as a uterine infection; (2) The cow could 
have been inseminated at the incorrect stage of the cycle, i.e., during the luteal phase; (3) The 
diagnosis may be accurate, but the embryo or fetus is lost afterwards.  

 Pregnancy-specific proteins: Early pregnancy factor (EPF) is a pregnancy-dependent protein 
complex that has been detected in the serum of several species. It is detected using an immunological 
technique, the rosette inhibition test. It is claimed that this substance appears in serum shortly after 
conception and disappears very rapidly following embryonic death. Therefore the detection of EPF 
would offer a very valuable method of pregnancy diagnosis. Whilst a degree of success has been 
achieved using this technique in some laboratories, results in the cow have been insufficiently 
reproducible to offer much immediate hope of an improved method of pregnancy diagnosis. Two 
further proteins, bovine pregnancy-specific protein B (bPSPB) and bovine pregnancy associated 
glycoprotein (bPAG � an antigen synthesized in the superficial layers of the ruminant trophoblast), can 
be measured during early pregnancy in the cow with much more reliability.  

Real-time ultrasound scanning 

 The availability of real-time B-mode ultrasound scanning has been a major advance in 
pregnancy diagnosis. Pregnancy can be detected as early as 17 days using this method. By day 19 the 
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amniotic sac has expanded considerably and therefore the lumen of the uterus can readily be observed. 
By day 22 it is possible to see the beating embryonic heart and by day 30 the conceptus is so obvious 
that a very rapid and accurate diagnosis can be made. It is the method of choice for early pregnancy 
diagnosis in the cow. For early pregnancy a 5 � 8 MHz linear transducer is required, whereas a  
3.5 MHz transducer may be used for late pregnancies. Pregnancy can be detected as early as 17 days 
using this method. By day 19, the amniotic sac has expanded considerably and therefore the lumen of 
the uterus can readily be observed. Using Doppler, it is possible to identify the fetal heart from  
6 � 7 weeks with a rectal probe. The advantage of using ultrasound scanning after insemination is that 
it enables relative earlier pregnancy diagnosis as well as offering high accuracy pregnancy diagnosis. 
Using real � time B mode, a 95% sensitivity on day 26 of gestation until an almost 100% sensitivity on 
day 29 is found. Ultrasound pregnancy diagnosis between day 10 and 16 has an accuracy of < 50 % 
and which improved by day 18 until day 22 (100%). Most of the embryonic deaths occur before day 
25 but will continues thereafter, 10 � 15 % between 25 and 42 days, 6.3% between 42 and 56 days and 
3.4% between 56 and 98 days. If early embryonic loss stays unnoticed, early pregnancy scanning 
could be a disadvantage and will reduce reproductive efficiency through extending the calving 
interval.  

 The embryo can first be seen by ultrasound scanning through the detection of the heartbeat, by 
some embryos heartbeats can be seen at day 19 but the heartbeats are generally visible at day 25. 
Although embryos can be seen by day 19 the most practical method is to scan pregnant animals 
expected to have embryos > 25 days. Fluid accumulation increases considerably at approximately day 
25, thereafter the embryo detaches from the uterine wall and is easier to detect by ultrasound scanning. 
The uterine lumen contains a variable quantity of anechogenic fluid produced by the conceptus. After 
27 days of pregnancy it is possible to confirm the pregnancy diagnosis by fluid accumulation in the 
uterine lumen. Fluid in the uterus during estrus may be confused with pregnancy and this may cause a 
potential diagnostic error. Before day 30 of gestation it is more difficult to observe the embryo 
because the young embryo is often located near the uterine wall in a small amount of fluid. Careful 
examination of the anechogenic area mostly reveals the presence of the embryo.  

 There are some landmarks for a veterinarian to detect normal development of the conceptus. 
After day 30 of gestation, it is possible to visualize the amniotic membrane. The amniotic vesicle is 
clearly visible through the reflections due to the round shape. After day 35, the first placentomes can 
be viewed. The attachment of the umbilical cord from the embryo to the uterus starts at day 40 of 
gestation. Ossified ribs in the fetus can be viewed from day 50 until day 60 of gestation. The sternum 
starts to ossify between day 81 and 85.  

 The first centers of ossification in the skull, which are very echogenic, appear at the end of the 
2nd month of gestation. The ossification of the skull completes by day 100. The head of the fetus is 
visible by ultrasound scanning during the entire gestation. The eyes can be seen and are an indicator of 
the gestation length and increase rapidly during the first 6 months of gestation. 

 The ossification of the cervical, thoracic, lumbar and sacral vertebrae starts at day 61 to 65 
whereas the ossification of the coccygeal vertebrae starts at day 86. The scapula, ilium and ischium 
ossified approximately at 70 days of gestation. The long bones of the limbs start to ossify around day 
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61 � 65 and the digits begin to ossify between day 81 and 85 of gestation. A relationship between 
multiple fetal structures and the gestation age which can be used to estimate the gestation age was 
found.  

 The heartbeat is easy to visualize with the ultrasound. The frequency of the heartbeat varies 
with the gestation age. Moreover, within one fetus the heartbeat varies at one day due to individual 
fetal activity.  

 During the first stage of gestation the abdomen is almost entirely filled with the liver and the 
mesonephros, during the last stage the liver growth slows down. Around 60 days the stomach is 
divided into the four compartments whereas the abomasum and the omasum appear as hyperechogenic 
spots and the rumen as a hypoechogenic spot. Other organs in the abdomen are not that easy to 
identity. In the first part of gestation the kidneys occupy a large volume in the abdomen, around day 
90 of gestation the kidneys get their �normal� location and shape.  

 Examination of the cow for ultrasound fetal sexing can be done between 54 and 100 days of 
pregnancy, but the ideal moment is between 60 and 70 days of gestation..  

Rectal palpation of the fetus 

 In the nonpregnant and early pregnant animal the uterine horns can be felt to be approximately 
equal in size and diameter. It is possible to detect a difference in the size of the two horns from about 
day 40 of pregnancy onwards. This is easier in heifers than in multiparous cows and is to a large extent 
dependent on the skill of the operator. If, from about day 30, a fold of the uterine wall is picked up and 
then released, the sensation of two layers of tissue passing through the fingers may be felt. This so-
called fetal membrane-slip (FMS) is due to the presence of the chorioallantois inside the horn. From 
6�8 weeks the disparity in horn size becomes quite marked, the pregnant horn becoming up to six 
times the diameter of the non-gravid horn at 10 weeks. After this stage, the non-gravid horn also 
begins to enlarge due to the invasion and attachment of the placenta throughout the uterine lumen. By 
12 weeks, the diameter of the pregnant horn may be 10 cm or more and is easily detectable. As the 
gravid uterus becomes larger and heavier it begins to sink down below the pelvic brim and by the fifth 
month it may not be possible to palpate it. Only when the fetus has grown further, to the seven-month 
stage, may it be possible to feel it again. However, in these cases pregnancy may be suspected by the 
absence of the normal reproductive organs in the pelvic cavity and the palpation of the cervix and 
anterior vagina as a taut band of tissue passing over the pelvic brim. After the seventh month of 
gestation, the fetal head can usually be palpated with ease. Another indication of pregnancy may 
develop about mid-term. The placentome could be palpated as circumscribed structures (about 1 cm 
by day 90 of pregnancy) if the operator pick up a part of uterus. The size increases progressively by 
advancing of pregnancy. Blood flow through the middle uterine artery on the pregnant side increases 
dramatically during pregnancy. This usually pulsates like a normal artery, but in advanced pregnancy 
(from 120 d onwards) slight compression of this reveals a characteristic vibrating sensation known as 
fremitus. Certain pathological conditions of the uterus can be confused with a normal pregnancy by 
causing uterine enlargement. These include pyometra, large tumours and the presence of a mummified 
fetus.  
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Estrone sulphate 

 The identification of compounds produced by the conceptus rather than by the dam would 
have clear advantages in the diagnosis of pregnancy in farm animals. Estrogens are produced by the 
bovine conceptus and oestrone sulphate concentrations in maternal plasma rise from about day 70 of 
pregnancy. The oestrone sulphate content of milk reflects that of plasma and it has been found that a 
positive oestrone sulphate test at 15 weeks of pregnancy gives a 100% accurate diagnosis of 
pregnancy. In most cases, detection of non-pregnancy at this late stage is of limited value to 
reproductive management, but it can be used as a confirmatory test following an earlier positive 
diagnosis, such as a milk progesterone test at 21�24 days. If there is any reason to suspect that a cow 
has aborted, the oestrone sulphate test can be very useful in determining her status. 

Mammary development 

 Mammogenesis or development of the mammary gland occurs as a consequence of pregnancy 
and in the primiparous heifer changes can be detected as early as four months of gestation. In addition, 
a viscous brown secretion may be expressed from the teats. Of course, these changes are not apparent 
in the parous, lactating cow. Steroidal-type growth promoters can elicit identical changes in the 
mammary glands of heifers. This can be an additional confounding factor in countries and situations 
where they are used. It is only during the last few days of pregnancy when the udder becomes 
distended with colostrum that mammary development can be regarded as an accurate diagnosis of 
pregnancy. 

Ballottement 

 The abdomen of the pregnant animal begins to become distended from about seven months of 
gestation. If a hand is pushed firmly against the right side of the abdomen, the fetus may sometimes be 
felt to rebound against it. This technique is commonly used in cattle markets by prospective 
purchasers. However, it is not a reliable indicator of pregnancy particularly if the findings are 
negative. 

 

6.4. Pregnancy in Buffalo-Cows 

6.4.1. Development of the conceptus 

 The gestation period ranged from 312 to 321 days with an average of 316 days. The birth 
weight of young ranged from 33 to 40 kg. Embryonic development in buffaloes is advanced by  
12�24 h compared with embryonic development in cattle and this has been demonstrated by both in 
vivo and in vitro studies. The advanced embryonic development in buffaloes is associated with earlier 
entry of buffalo embryos into the uterus on around days 4�5 after estrus and while in cattle, embryos 
are located in the uterus at around day 6 after estrus. Compact morulae in buffaloes are observed from 
day 5 after estrus and blastocysts typically from around day 6. Hatching of in vivo derived buffalo 
embryos was reported to occur from day 5 to day 7 in different studies. The apparent variability in the 
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time of hatching of blastocyst embryos could be related, at least in part, to the relatively diverse 
genotypes (riverine, swamp and crossbred buffaloes) studied. Embryo elongation in buffaloes is 
thought to occur from around day 13, the pre-attachment phase from day 17 to day 24, and the 
transitory attachment phase is initiated around day 25. Pregnancy-associated glycoprotein � is also 
reported to increase from day 25 in buffaloes. 

 Slaughterhouse studies of fetuses from Egyptian and Indian buffaloes indicated that the body 
as a whole is increased steadily in size. However, the rate of increase varied from one measurement to 
the other. The measurements of the head showed widely variable rates of growth. Both the chest and 
abdomen circumferences showed lower rates of growth. Organization of embryos into head region, 
forelimb-buds, and tail spouts occurred between Day 38 and 50. The caruncles in the gravid uteri of 
the buffalo cows are continued in growth almost until parturition. Ossification of the skull, ribs, and 
vertebrae were demonstrated between weeks 8 and 10 of pregnancy. Both the allantoic and the 
amniotic fluids were clear and watery in viscosity during early pregnancy. The viscosity of the 
amniotic fluid changed to thicker state at the eighth month and became syrupy during the ninth and 
tenth months. Increasing the turbidity of the amniotic fluid may be attributed to an increase in the 
secretion of the respiratory tract and buccal cavity, which possibly accounts for the increased viscosity 
and improved lubricated properties of the fluid. The fetal anterior and posterior presentation occurred 
in equal frequencies. During the time from the fifth and sixth months, the body length of the fetal calf 
exceeds the width of the amnion and thus, at this stage the final polarity of 95% of fetuses in anterior 
presentation is adopted  

6.4.2. Endocrinology of pregnancy  

 In pregnant buffalo, peripheral plasma T4 levels fluctuated slightly throughout pregnancy 
without exhibiting a specific trend. The magnitude of T4 levels was significantly lower in buffalo than 
in the cows throughout pregnancy and that the hormonal patterns of the two species were significantly 
different during gestation. It was hypothesized that T4 requirements for the fetal buffalo calf may be 
lower than that for the fetal cattle calf since the buffalo gestation period is a month longer and the 
metabolic rate lower than in the cow. 

 In a previous study, an exponential increase in estrone sulphate levels was also recorded in 
buffaloes beginning at the fourth month of gestation. However, the mean hormone levels in this 
species, after initially being lower than Sahiwal and Karan Swiss cows up to 6 months of pregnancy, 
increased to higher levels thereafter. From this study it was concluded that in addition to genetic 
factors, environmental adaptation could also influence the oestrone sulphate levels. In addition, the 
study also provided a basis for pregnancy confirmation by milk oestrone sulphate determination after 
110 days in gestation in cattle and buffaloes using a simple, direct, assay procedure. 

 The concentration of plasma progesterone in buffalo cows declined from 3•0 – 0•2 ng/ml 
(mean – S.E.) during days 21�17 before calving to 2•1 – 0•1 ng/ml at day �3, followed by a rapid fall 
during the last 3 days of gestation, reaching 1•2 – 0•3 ng/ml at the day of parturition. During the 
postpartum period, plasma progesterone decreased gradually and reached baseline values after day 15 
postpartum, when the residual corpus luteum of pregnancy had completely regressed in all the animals 
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studied. The plasma concentrations of total estrogens started to increase at day �15 in cows and day 
 �5 in heifers from below 40 pg/ml to 122•5 – 51 pg/ml for cows and 100•7 – 3•4 pg/ml for heifers by 
day �1. This was followed by a sharp increase to 251•2 – 17•3 and 240•5 – 10•1 pg/ml in these animals 
at the day of calving. Immediately after parturition, total oestrogens dropped abruptly to the lowest 
values and remained below 30 pg/ml in all cows and heifers until the end of the sampling period.  

6.4.3. Pregnancy diagnosis 

Uterine changes during pregnancy 

 The biometry of the buffalo uterus was studied in 54 and 167 non-gravid and gravid buffalo 
uteri, respectively. The material covers the period from the 38th day until some two weeks before 
parturition. The non-gravid uterus averaged 525 gm. in weight. The two horns are nearly equal in 
weight and size. The total number of caruncles averaged 100 and the counts were equally shared by 
both horns.  In the gravid uteri, right side pregnancy was observed in 53% of the total pregnancies.  
The weight of the uterus and its contents increases 63-fold during the period studied and is 88 times 
that of the non-gravid state. This increment is due to the increase in the different components and the 
percentages were variable from one month to the other. The empty uterus formed about 74% of the 
weight of the uterus and its contents at the second month and had fallen to 15% at the tenth month.  
The empty uterus increased about 13 times from the second to the tenth month. Both the gravid and 
the non-gravid horns increased progressively in weight during the different months of gestation.  The 
text contains the details of the data concerning the different measurements of the gravid and the non-
gravid horns. The greater curvature of the gravid horn increased 63-fold from the non-gravid state and 
50 times from the second to the tenth month. The circumference increased 82 and 62-fold during the 
given stages, respectively.  The weight of a single caruncle increased some 48-fold from the third to 
the tenth month. 

Rectal palpation 

 The sensitivity of transrectal palpation for detecting pregnant buffalo-cows was 37.5% at 
days 31-35, increased to 93.8% at days 46-50 and reached 100% at days 51-55. The specificity of 
transrectal for detecting non-pregnant buffalo cows ranged between 90.9%, and 100% between days 
31 and 55. It have been concluded that transrectal is an accurate method for diagnosing pregnant and 
non-pregnant buffalo cows from day 46 after breeding. 

Ultrasound 

 In a detailed study of the fetal dynamics in buffalo cows, the embryo and amniotic vesicle 
(AV) were detected in all buffalo-cows by the 4th and 5th week of pregnancy, respectively. 
Organization of the embryo into head, body and limb buds was firstly observed in 33% of animals by 
the 6th week and in all animals by the 7th week. Beginning of the ossification was observed in the head, 
ribs and vertebrae in most animals by the 8th week and in all animals by the 10th week. The 
placentomes were firstly observed by the 10th week as small hyperechogenic nodules. The omasum 
was first detected as circumscribed hyperechogenic structure by the 10th week. The amniotic fluid 
remained clear up to the 14th week of pregnancy, before it became slightly turbid, while definite 
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turbidity was observed by the 30th week. The allantoic fluid remained clear throughout the whole 
observation period. The fetal parts and organs developed differently, with increasing (crown-rump 
length, CRL; biparietal diameter, BPD; abdominal diameter, ABD; omasal diameter, OMD; and 
thorax height diameter, THD) or decreasing (amniotic vesicle, AVD; uterine diameter, UTD; ruminal 
length, RUL; eye-ball diameter, EBD and placentome diameter, PLD) growth rate with the progress of 
gestation. Gestational age affected the possibility of the ultrasonic fetal sex determination Fetal sexing 
was unreliable before the 8th week of gestation. The possibility increased through the 10th week, 
remained constant between the 10th and 14th weeks, and decreased gradually until the 24th week of 
pregnancy. Afterwards, fetal sexing was impossible due to the far position of the fetus. The fetal 
gender was correctly assigned in 68 of the 70 possibly diagnosed occasions (overall accuracy 97.1%), 
where the transrectal ultrasound examination findings were confirmed by the direct observation of 
calves at birth. In male fetuses, the genital tubercle (phallus) was a hyperechogenic, oval or sometimes 
round structure, located cranial to the hind limbs and at the abdominal attachment of the umbilical 
cord. In female fetuses, the genital tubercle (clitoris) was located behind the hind limbs and toward the 
base of tail. The fetal scrotum could be observed between the two hind limbs first by the 10th week of 
gestation. The fetal udder/teats were first viewed between the hind limbs also by the 10th week. The 
testes were not observed in the scrotum during the observation period. Early in gestation (8th week), 
fetal sexing depended only on the view of the fetus in the frontal plane. The importance of this view is 
decreased with pregnancy progress. Contrariwise, the importance of the sagittal view is increased with 
gestation progress. The cross-sectional plane could be used from the 10th to 18th weeks of gestation. 
The buffalo-fetuses changed their presentation frequently until the 28th week of pregnancy. From the 
30th week onwards, all the fetuses were turned into the anterior presentation. 

 

6.5. Pregnancy in Ewes and Does 

6.5.1. Development of the conceptus 

 Certain gross external features were studied in 144 caprine and 109 ovine foetuses to aid in 
their age estimation. Body size changes were compared to ascertain phylogenic allometric 
relationships between the two species. Developmental patterns of the integument, external jugular, 
facial and scrotal veins and male and female external genitalia followed the same time-event and 
sequence in both species. Onset and sequential changes of bone formation in the calvarium (skull-
roof), and sequence and completion of regional hair distribution as well as the time-event of teeth 
eruption were similar in both species. However, the time limit for the whole calvarium to become hard 
and the onset of regional distribution of hairs varied. Body weight (BW) and crown-rump length 
measurements showed that a caprine fetus weighing 51.13 g and measuring 11.27 cm at 6�8 weeks 
attained a weight of 1371 g and length of 31.69 by 18�20 weeks. An ovine fetus, however, was of 
larger body size (6�8 weeks, 66.8 g and 12.64 cm; 18�20 weeks, 2111 g and 43.67 cm). However, 
relative growth changes in these parameters indicated that both species maintained similar and 
proportionate linear growth relationships from 6�8 to 18�20 weeks of gestation (caprine, y = 57.4x�
728.1, r = 0.924; ovine, y = 64.8x�941.8, r = 0.965; where x is crown-rump length and y is body 
weight). It was concluded that, to estimate fetal age, external features which form essential 
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components of the body are more reliable criteria than those which are guided largely by 
environmental and nutritional factors. Also, in general, sheep and goats seem to maintain a very close 
phylogenic relationship in both developmental characteristics and body shape and form.  

 One-hundred and ten pregnant Targhee ewes that had been mated to Suffolk rams were killed 
at different stages of gestation. Mammary glands were removed and the gravid uterus was dissected 
into fetus, membranes, fluids and uterus components. The water, fat, ash, nitrogen and energy contents 
of the different components were determined. The uteri and mammary glands of 28 non-pregnant ewes 
were also analyzed for chemical composition. Relationships were derived to describe growth and 
retention of the different nutrients in the various products of conception during pregnancy. Single and 
twin fetuses averaged 0.15 and 0.30 kg (total weight) at day 70 of gestation; and 6.21 and 10.64 kg at 
day 140, respectively. Growth rates of single fetuses averaged 31, 71, 129 and 199 g/d while those of 
twin fetuses averaged 47, 153, 236 and 202 g/d at days 80, 100, 120 and 140, respectively. Fetus(es) as 
a proportion of total conceptus weight increased from 14% at day 70 to 70% at day 140, while 
membranes and fluids decreased from 37 to 8% and 49 to 22%, respectively, over the same period. 
There were no significant differences due to number of fetuses carried. From day 70 to day 140 of 
pregnancy, fat content of the fetuses increased from 0.5 to 2.1%; fat-free organic matter increased 
from 7.3 to 13.2%; water decreased from 90.4 to 81.7%; ash increased from 1.9 to 3.0%; nitrogen 
increased from 1.0 to 2.0%; and energy increased from 0.45 to 0.93 kcal/g. 

6.5.2. Endocrinology of pregnancy 

 In goats, a gradual increase was observed in immunoreactive (ir-) inhibin, with maximal levels 
at the 17th week. The plasma concentrations of estradiol and prolactin (PRL) showed nearly similar 
patterns during pregnancy, where they declined to basal levels during the first 4 weeks post-breeding 
and then increased significantly, with the maximal concentration during late pregnancy. The plasma 
FSH and LH concentrations were maintained at basal levels throughout the gestation period. The 
plasma progesterone concentration abruptly increased in the first week post-breeding and remained at 
high values throughout the pregnancy period. Immunohistochemical localization of inhibin alpha, �A, 
�B and steroidogenic enzymes cytochrome P450 aromatase, 3alpha-hydroxysteroid dehydrogenase 
(3betaHSD), cytochrome 17alpha-hydroxylase P450 and cholesterol side-chain cleavage cytochrome 
P450 in the cyclic and pregnant goat CL revealed positive immunoreactivity without affinity 
differences between the luteal and pregnancy stages. The placental syncytiotrophoblasts also showed 
positive staining, except for inhibin betaA and 3betaHSD. The giant binucleate cells of the placenta 
showed positive immunoreactions to PRL. These results suggest that the high concentrations of ir-
inhibin, estradiol and PRL during late pregnancy are of placental origin and that the placenta may have 
a vital role in the maintenance of pregnancy, regulation of mammary growth and preparation for 
kidding and lactation in goats. 

6.5.3. Pregnancy diagnosis 

 Pregnancy scanning is a great management tool to improve profits for meat and wool 
enterprises, particularly those running higher stocking rates and when paddock feed is in short supply. 
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 Ultrasound 

 A study used 336 ultrasonographic examinations obtained from 12 ewes between D 22 and 
146 of pregnancy was performed. The mean duration of pregnancy was 151.2 – 2.3 days (range  
148 � 154 d). Accessibility of the different fetal organs and parts for ultrasonic examinations depended 
on day of gestation. The CRL and AVD were accessible only during the first trimester of gestation. 
Thereafter, they became too long to be presented efficiently on the screen as a whole. The CHD, ABD, 
and RUL could be scanned during the second trimester. The PLD, EBD, and KIL were within the 
range of the ultrasound beam during the second and third trimester. Accessibility during the total 
gestational period was 17.3% (58/336) for the CRL, 16.9% (57/336) for the AVD, 19.6% (66/336) for 
the CHD, 16.7% (56/336) for the ABD, 27.7% (93/336) for the RUL, 52.7% (177/336) for the PLD, 
37.8 (127/336) for the EBD, and 21.4% (72/336) for the KIL. Also, accessibility of the various fetal 
parts for scanning depended on the method of examination. Transrectal scanning could be performed 
efficiently until D 48 of pregnancy. Beyond this time most of the fetal parts, except the placentomes 
and fetal head, became out the range of the ultrasound beam. Trans-abdominal scanning could be done 
as early as 24 days after breeding, however, by this time the scanning view was much inferior to that 
of the transrectal one. By advancing of pregnancy, the view became more better and equivalent to the 
transrectal one.              

 The embryo was first detected on D 25.38 –  1.2 (range 24 � 27 days). The AV was firstly 
detected on D 28. Differentiation of the embryo into head, body, limbs and tail was noted on  
D 38 – 3.2 (range 35 � 41). Ossification was first observed in the fetal head, ribs and vertebrae on 
D 44.86 – 2.5 (range 42 � 48), 50.25 – 3.4 (range 46 � 55), and 51.50 – 2.5 (range 48 � 55), 
respectively. The amniotic fluid contained no reflecting particles and gave almost black image until  
D 80.67 – 11.2., when many echogenic spots were observed whirling around on it. Definite turbidity 
was observed by D 103.0 – 8.0. The allantoic fluid remained clear without any echogenic particles 
until D 138.0 – 9.5, when few echogenic spots appeared moving within it. Increasing the turbidity of 
the fetal fluid late in pregnancy might be due to an increase in the secretion of the respiratory tract and 
buccal cavity, which possibly accounts for the increased viscosity and improved lubricated properties 
of the fluid. Time of organization, ossification and change the echogenicity of the fetal fluids might 
help in judging the fetal age.                   

 Except the placentome diameter, all regression and correlation coefficients are highly 
significant. Fetal age could be estimated from visual inspection of these figures, but for accurate 
estimation, references should make to the equations, which have been made computed with the size 
measurements as the independent variate.  

 The placentome was the most available structure of the pregnant uterus for ultrasound 
examination. It was first observed on D 37.29 – 5.1 (range 30 - 42) as small slightly elevated 
echogenic areas on the surface of the endometrium. Previous reports noticed it between D 30 and 40. 
This time, its echogenicity resemble to a large extend that of the uterus. By advancement of 
pregnancy, it became more echogenic and brighter and appeared as cup or C-shaped in cross section. 
This is similar to earlier anatomical and ultrasonographic studies. During the last month of pregnancy, 
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Chapter 12 

Reproductive Technologies 

Various techniques have been developed and refined to obtain a large number of offspring from 
genetically superior animals or obtain offspring from infertile (or subfertile) animals. These techniques 
include: artificial insemination, cryopreservation (freezing) of gametes or embryos, induction of 
multiple ovulations, embryo transfer, in vitro fertilization, cloning, etc. 

Characters of ejaculate in farm animals are shown in Table (24) and some of the recent reproductive 
technologies applied in different animal species are illustrated in Figs. (97-108).  

 

12.1. Artificial Insemination 

Artificial insemination (AI) is the most powerful tool for livestock improvement ever available to the 
breeder. AI provides many benefits to the producer like: increase genetic gain by allowing increase 
selection pressure on the male population to hasten genetic improvement; increase offspring from a 
superior sire; availability of a superior sire to small flocks; frozen and fresh semen that can be shipped 
and stored and moved nationally or internationally with fewer health risks and welfare implications 
than live animals; disease control through testing of males before use and treatment of the semen with 
antibiotics to lessen the threat of disease; semen that can be frozen as insurance against injury or death 
of a superior sire; sire evaluations that can be carried out in many environments to assess the 
superiority of that sire over many different production types. 

12.1.1. Artificial insemination in camels 

 Effective use of AI requires the dilution and storage of semen, but difficulties in semen 
collection and handling is impediment. The semen is highly viscous and as a result, assessment of 
sperm concentration, morphology, and motility, are difficult. Unlike the progressive motility of sperm 
seen in other domestic ruminants, only oscillatory movement is seen in the ejaculate. The role of high 
viscosity of camelids semen is not known, but it may act as a type of sperm reservoir or may be 
important for maintaining sperm viability within the uterus. To facilitate handling and processing of 
semen, attempts have been made to liquefy the ejaculate. In a study designed to test the effectiveness 
of enzymes for liquefying semen (i.e., collagenase, fibrinolysin, hyalurodinase, or trypsin), 
collagenase was effective in eliminating semen viscosity within 5 min, with little or no influence on 
sperm characteristics. All enzymes effectively reduced viscosity, but satisfactory motility was 
maintained only with trypsin or papain; i.e., collagenase was toxic at all concentrations. A mechanical 
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