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Introduction 
 

-1- 

1. INTRODUCTION 

The intensive sheep management and wide spread 

application of the controlled breeding techniques such as estrus 

synchronization, artificial insemination, out-of season breeding, 

embryo transfer and transplantation, finding out accurate 

techniques for assessment of reproductive activity in general and 

practical test for early pregnancy diagnosis increase the need to 

adjust the hormonal cascade through hypothalamic-hypophyseal-

gonadal axis. In addition, detecting and/or illustrating the normal 

mating behavior puberty, period of estrus cycle and its hormonal 

regulation, pregnancy, lambing and post natal care is needed to 

be accurately known to attain the most optimum reproductive 

efficiency and to magnify the marginal profit gained from sheep 

farming projects. 

On the other hand numerous investigations reported in 

recent years have made it evident that steroid sulfates are not 

merely inactive end products of metabolism; rather, these 

conjugates may have an important role in interconversion, 

transport and activity (Purdy et al., 1961; Miyazaki et al., 1969; 

Brooks and Horn, 1971; Fishman et al., 1973; Pack and 

Brooks, 1974; Vaughn et al., 1976). In particular, the interest in 

estrogen sulfates was initiated by the experiments of Purdy et 

al., (1961), which showed estrone sulfate to be a major form of 

estrogen in human placenta. It has since become apparent that 

the estrogen may be conjugated (Wallace and Rochefort, 1964) 

and secreted (Giorgi, 1967) from the ovary as sulfate esters. 

However, in the plasma the conjugated state of these estrogens 

would be expected to be the result of equilibria between tissue 
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hydrolysis essentially within hepatic tissue, (Vaughn et al., 1976). 

Indeed, plasma estrogen sulfates display a much longer half-life 

(7.5 hr) than free 17β-estradiol (½ hr), (Ruder et al., 1972). 

Within the liver, estrogen metabolites may be conjugated 

to glucuronic acid and/or sulfate (Brooks and Horn, 1971). 

Investigations carried out by Miyazaki et al., (1969); Brooks 

and Horn, 1(971) and by Fishman et al., (1973) have 

demonstrated that the hepatic 3-sulfurylation of physiological 

levels of estrogen may in fact direct the formation of the 2-

methoxy estrogen metabolites. 

Furthermore, the partially sulfurylated estrogen may be 

diconjugated on a free hydroxyl to glucuronic acid. The sulfates 

may reenter the plasma or may be eliminated through the bile 

especially the diconjugated, (Vaughn et al., 1976). 

Target tissue estrogen metabolism is intriguing when it is 

considered that there may be an interrelationship between the 

metabolic alternations and the hormonal activity in these tissues. 

Moreover, the cyclic nature of the activity of certain enzymes 

that modify the structure of steroid hormones has been reported. 

For example, Tseng and Gurpide (1974) have shown that 17β-

estradiol and 20α-dihydroprogesterone dehydrogenase fluctuate 

in human endometrium during the menstrual cycle. Brooks et 

al., (1978) also reported these fluctuations in rat uterine 17β-

estradiol dehydrogenase. Pack and Brooks, (1970) also were 

able to demonstrate that in the rat this enzyme depended on fully 

functioning ovaries. However, the rapidity with which the rat 

uterus passed through the phases of the estrus cycle prohibited 

any greater insight. 
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Literature lacks investigation related to the biological 

function of estrogen sulfate in reproduction. However, the 

literature suggests that estrogen sulfotransferase that is present in 

target tissues may be involved in limiting the nuclear activity of 

this hormone. Since the conjugated hormone does not bind to 

estrogen receptor, it would not be expected to enter the nucleus 

as the active estrogen-receptor complex. Therefore, the 

appearance of estrogen sulfurylation activity in mature uterine 

brings about an alternate pathway for estrogen rather than 

binding and transport to the nucleus. For example, Pack et al., 

(1978) noted that in porcine endometrium the time of least 

sulfotransferase activity (just before ovulation) coincides with the 

greatest migration of estrogen-receptor complex to the nucleus and 

conversely, when estrogen sulfarylation is highest (Diestrus, days 5-

18) little or no complex enters the nucleus. Other experiments (Pack 

and Brooks, 1974) also show that 17β-estradiol was oxidized to 

estrone by 17β-estradiol dehydrogenase, which fluctuated in the 

same pattern as the sulfotransferase. 

According to the previously mentioned statements and 

findings it was aimed to study the applicability of fecal 

estrogenic metabolites (estrone sulfate) estimation for 

assessment of the reproductive activities in sheep. 
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2. REVIEW OF LITERATURE 

 

2.1. Reproductive patterns of sheep. 

Domestic sheep are polyesrtreus with cycles averaging 

16.5 days (Foote et al., 1970). Of the 16.5 days cycle about 11 

days are occupied by diestrus, the period of corpus luteum. 

Estrus lasts about one and half days and there are approximately 

2days each of proestrus and metaestrus (Ginther, 1970). 

Ovulation is spontaneous, occurring near the end of heat (Holst 

and Moore, 1970).  

2.1.1. Sexual maturity (Puberty) 

In those breeds which are seasonal breeders the onset of 

puberty is somewhat affected by the age of lamb when the first 

breeding season occurs (Hafez, 1952). Ewe lambs from seasonal 

breeders may show estrus the first fall when they are only 

6months of age with ewe weights only 40 to 60% of mature 

weights. Of they are too young the first fall, and then they do not 

show estrus until the year later (Mc Kenzie and Terrill, 1937). 

A low plane of nutrition may delay sexual development in ewes 

(Fletcher, 1971). First ovulation often accompanies silent estrus 

but the next ovulation estrus occurs (Blockey, 1972). 

2.1.2. Breeding season 

The breeding season varies considerably between breeds 

and within breeds. The most important regulator of the onset of 

the breeding season appears to be the shortening of the length of 

the day light period (Mc Donald, 1975). 
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Considerable experimental work has gone into the 

induction of estrus and conception during the nonbreeding 

season on seasonal breeding ewes (Gordon, 1963, 1971; Hunt 

et al., 1971 and Hawk and Conley, 1973). Some investigators 

have used pituitary gonadotropin to stimulate the ovaries during 

the nonbreeding season (Gordon, 1963). This has been only 

moderately successful since it is difficult to control number of 

ovulation (Mc Donald, 1975). The induction of sexual 

receptivity does not always accompany follicular development 

and ovulation (Newcomb, 1970). Other researcher used 

progesterone as a means of depressing ovarian activity followed 

by a release effect at the time of progesterone withdrawal 

(Barnes and Woody, 1970). This tends to group the onset of 

estrus in seasonal breeding animals but during the nonbreeding 

season, it is still necessary to give pituitary gonadotropins (Hunt 

et al., 1971). 

2.1.3. Estrus cycle  

The main events of the estrus cycle of the ewe could be 

divided into those associated with the growth of the follicle 

(proestrus and estrus) and those associated with the growth of the 

corpus luteum (metaestrus and diestrus). The estrus cycle is 

usually detected from the first day of estrus (Mc Donald, 1975).  

2.1.3.1. Proestrus phase  

There is general agreement that for consideration of 

physiology involved, it is best to begin with the proestrus period 

(Cooper et al., 1970) which lasts about two days in the ewes 

(Mc Donald, 1975) and characterized by the growth of the 

follicle after stimulation by FSH from the adenohypophysis 
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accompanied by production of estradiol-17β  (Nelson and 

Bulun, 2001). 

2.1.3.2. Estrus phase 

Estrus begins at the end of proestrus. Psychic estrus is the 

result of estradiol-17β acting on CNS bringing about psychic 

manifestations of heat. The length of sexual receptivity in the 

ewe is variable but most ewes are in heat for 30:40 hours. This 

may vary to as little as 3 to 6 hours or much as 50hours. 

Breeding has no effect on the length of the estrus or the time of 

ovulation (Mc Kenzie and Terrill, 1937). Postpartum estrus is 

variable in ewe. Generally, ewes do not return to estrus until 

weaning the lamb and seasonal breeding ewes the first estrus 

delayed until the fall breeding season (Mallampati et al., 1971). 

2.1.3.3. Metaestrus phase 

After ovulation, the ewe enters metaestrus which lasts 

2days. Corpus luteum becomes to be organized and functional 

during this time. Progesterone production rises quickly 

(Ginther, 1970). 

2.1.3.4. Diestrus phase 

It is the period of corpus luteum which becomes 

functional in ewes regardless of whether or not the ewe is 

pregnant (Thwaites, 1971).     

2.1.4. Behavioral sings 

When the ewe is on heat it becomes agitated, seeks out 

the ram and, there might be a “harem" of ewes following one 

ram. In full heat the ewe stand still when the ram approaches, 

raising and wagging its tail when the ram prepares to mount. 
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There is often during the heat a discharge of clear mucus from 

the vagina (Owen, 1981). 

2.1.5. Endocrine events linked to estrus cycle 

The ovine estrus cycle results from the coordinated 

interaction of hypothalamic, pituitary, ovarian and uterine 

functions. The communication among these tissues occurs 

largely via seven hormones; gonadotropin-releasing hormone 

(GnRH) from the hypothalamus, luteinizing hormone (LH) and 

follicle-stimulating hormone (FSH) from the adenohypophysis, 

estradiol-17β, inhibine and progesterone from the ovary and 

prostaglandin F2α (PGF2α) from the uterus and corpa lutea 

(Goodman and Inskeep, 2006 ). 

2.1.5.1. Hypothalamic-hypophyseal-gonadal axis 

The normal sequence of hormonal changes responsible 

for the control of the estrus cycle is governed principally by the 

hypothalamic-hypophyseal axis, although this, in turn is 

modified by hormonal feedback mechanisms involving ovarian 

steroid hormones, which are produced as a result of 

gonadotrophic stimulation (Haresing, 1983). 

The mean GnRH secretion rate does not significantly 

differ between luteal and follicular phase. While during the mid-

luteal phases, low frequency and high amplitude GnRH pulses 

are observed. Following luteolysis, the frequency increases and 

the amplitude decrease (Clark et al., 1987and Moenter et al., 

1991). 

Results of Moenter et al., (1990) clearly demonstrated 

that regardless of season; a rise of estradiol-17β  level to late 
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follicular phase levels acts centrally upon the GnRH 

neurosecratory system to initiate a large and abrupt release of 

GnRH coincidentally with the onset of the pre-ovulatory LH 

surge. This GnRH surge is apparently, in excess of what is 

required to produce the LH surge (Bowen et al., 1995). 

2.1.5.2. FSH Level during estrus cycle 

The serum level of FSH increases significantly from day -

2 to day 0 (day of follicular wave emergence), then decrease on 

day 2 after follicular wave emergence (Duggavathi et al., 2003). 

Towards the end of the follicular phase, serum FSH level 

declines to a nadir level on the day before the pre-ovulatory LH 

surge (Baird et al., 1981; Goodman et al., 1981; Souza et al., 

1997 and Knight et al., 1998). There is a FSH surge coincident 

with the LH surge, and FSH level falls in parallel with LH to a 

nadir level at 8 to 12 hours after the pre-ovulatory peak. A 

gradual increase in FSH level is often observed sometime 

between day 4 and 6 of the luteal phase, which correlates with 

the second wave of follicular development (Pant et al., 1977; 

Souza et al., 1997; Knight et al., 1998 and Souza et al., 1998).  

2.1.5.3. LH level during estrus cycle 

Two functionally distinct modes of LH secretion were 

identified in the ewe. Tonic LH secretion occurs in a pulsatile 

pattern at a low level throughout the cycle and is important for 

ovarian steroidogenesis. The LH surge occurs around estrus and 

induces ovulation and formation of the corpus luteum (Hauger 

et al., 1977). 

Tonic LH secretion during the estrus cycle is inversely 

correlates to luteal function (Hauger et al., 1977). Hence, LH 
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level declines from days 1 to 9 as progesterone secretion from 

corpus luteum increases and remains low until day 14, then 

increases during the follicular phase following luteolysis 

(Hauger et al., 1977 and Baird et al., 1981). LH pulse 

amplitude either does not differ between mid-luteal and follicular 

phases (Baird et al., 1981and Karsch et al., 1983), or decreases 

in parallel with GnRH amplitude during the follicular phase 

(Baird, 1978). 

The LH surge represents a brief, massive out pouring of 

LH from the pituitary. LH level rises rapidly within 4 to 8 hours 

to a peak of 100 to   200 ng/ml and then decline just as rapidly, 

so the surge lasts approximately 12 hours. The onset of  LH 

surge is usually coupled to the onset of estrus behavior (Mauer 

et al., 1972 and Quirke et al., 1979) and the interval between 

the LH surge and ovulation (22-26 hours) is remarkably constant 

(Cumming et al.,  1973). 

2.1.5.4. Ovarian steroids  

2.1.5.4.1. Estradiol-17β  

Regardless of whether estradiol-17β is measured in the 

ovarian venous or peripheral circulation, there is general 

agreement that the principal estradiol-17β rise occurs during the 

2- to 3-day follicular phase of the estrous cycle. Its secretion 

begins to rise after the first drop in progesterone concentrations 

at luteolysis and increases five- to ten fold over the next few 

days (Baird et al., 1976 and Karsch et al., 1979).  

This estradiol-17β increment peaks at the start of the pre-

ovulatory LH surge and then rapidly declines to basal levels 

(Karsch et al., 1979 and Baird et al., 1981). Estradiol-17β 
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secretion during this period appears to come largely from the one 

or two follicles destined to ovulate, which are growing rapidly at 

this time (Bjersing et al., 1972 and Hay and Moor, 1975). To 

show the effect of the follicular growth as feedback mechanism, 

treatment of ewes with steroid-free ovine follicular fluid during 

the follicular phase of the estrus cycle induced atresia of large 

preovulatory follicles and resulted in immediate suppression of 

ovarian estradiol-17β, inhibin and androstenedione secretion 

(Campbell et al., 1991).  

There is less agreement on whether significant increments 

in estradiol-17β secretion occur at other times of the cycle. Most 

(Baird et al., 1976; Hauger et al., 1977 and Souza et al., 1998), 

but not all (Karsch et al., 1980), studies observed a peak in 

estradiol-17β secretion around day 4 of the cycle that correlates 

with the first follicular wave.  

Estradiol-17β secretion does occur throughout the rest of 

the luteal phase between days 6-9 and 11-12 of the cycle, but 

mean levels remain relatively low and show no consistent pattern 

during this period (Scaramuzzi et al., 1970; Cox et al., 1971; 

Mattner and Braden, 1972; Baird and Scaramuzzi, 1976 and 

Souza et al., 1998).  

The episodic secretion of estradiol-17β is thought to be 

driven by LH pulses because LH pulses always precede 

increases in secretion of this steroid (Souza et al., 1997).  

Serum estradiol-17β increases during the first 3-4 day of 

estrus cycle corresponding to the increase in diameter of the 

largest two follicles and the mean diameter of all remaining 
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follicles. In addition, estradiol-17β level decreases around day 5 

in both cyclic and pregnant ewes (Schrick et al., 1993). 

Bartlewski et al., (1999) and Strmsnik et al., (2002) 

recorded an increase in estradiol-17β concentrations coincidently 

with the appearance of the follicular waves on the 13
th 

and 16
th 

days of the cycle. Moreover, Ali et al., (2006) concluded that the 

development of ovarian follicles in sheep occurs in a wave-like 

pattern, with a predominance of three waves per cycle, numbers 

of waves per cycle affected certain pattern of follicular and luteal 

developments.  

Estradiol-17β  circulated level raises from day 0(day of 

ovulation) to reach a peak on day 3; subsequently the concentration 

declines by day 5 after the first ovulation of the estrus, then rises 

again between days -5 and 3 from the end of estrus cycle and 

declines on the day of ovulation again (Duggavathi et al.,  2003). 

El-Sayed and Abdel-Ghaffar (1998) reported that the 

estradiod-17β level in Ossimi and Rahmani ewes, significantly 

increased during estrus and day of mating than during the days of 

postestrus. The lowest concentration occurred at the 9
th
 day postestrus.  

2.1.5.4.2. Estrone 

Estrone is an estrogenic hormones secreted by the ovary 

as well as adipose tissue. It is one of several natural estrogens, 

which also include estradiol and estriol. Estrone is the least 

abundant of the three hormones. In addition, estrone is relevant 

to health and disease stats because of its conversion to estrone 

sulfate, a long-lived derivative. Estrone is the only estrogen, 

which is present in any quantity in postmenopausal women 

(http//:en.Wikipedia.org). 
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Moore et al., (1969) found that estrone levels tended to 

follow the same general pattern of estradiol-17β but at a much 

lower level, estrone accounted for less than one-eighth of the 

total estrogens. Estradiol-17β levels began to rise from the 14
th

 

day of the estrus cycle and rose rapidly during the immediate 

preoestrus period to reach peak levels 20-30 hr. before the onset 

of estrus. Then the levels rapidly declined by 24hr. after the onset 

of had reached almost non-detectable levels. 

Echternkamp and Hansel, (1973) studied the changes in 

estradiol-17β and estrone levels perior to and during first 

postpartum estrus cycle in bovine and found that estradiol-17β 

levels started to rise 2 to3 days perior to estrus, but declined 

rapidly after estrus. Plasma estrone levels were paralleled to those 

of estradiol. 

2.1.5.4.3. Progesterone 

Progesterone is virtually undetectable early in the cycle 

(Hauger et al., 1977) and then its level rises gradually from days 

2 to 8 to reach a maximal level ranging from 1.5 to 3ng/ml, 

depending on the breed (Bindon et al., 1979 and Quirke et al., 

1979). Progesterone level increases from day 0 (beginning of the 

estrus) to days 3 and 5. At the end of estrus, the level decreases 

to its basal value on day -2 before the last detected ovulation 

(Duggavathi et al., 2003). Strmsnik et al., (2002) reported that 

progesterone reach its highest level on the 6
th

 day of the cycle 

either in pregnant or non-pregnant ewes.  

 Progesterone secretion does not increase in response to the 

pre-ovulatory LH surge in the sheep (Bjersing et al., 1972), but it 

does increase within the pre-ovulatory follicle(s) and plays an 
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important role in the ovulatory process (Murdoch et al., 1986). This 

pattern of progesterone surge is remarkably constant across breeds. 

 Breeds with high ovulation rates do have slightly higher 

progesterone levels at mid-cycle than those with low ovulation rates 

(Bindon et al., 1979 and Quirke et al., 1979), but the increment in 

progesterone secretion is considerably less than the increase in number of 

corpora lutea. Maximal serum progesterone levels also vary within the 

breeding season, with higher values occurring in the middle than at the 

beginning or end of the breeding season (Wheeler et al., 1977). 

El-Sayed and Abdel-Ghaffar (1998) recorded that progesterone 

(P4) level in Ossimi and Rahmani ewes, showed highly significant 

variations among stages of estrus cycle. It reached the maximum level 

during the 9
th
 day postestrus followed by the 15

th
 day post estrus. While, 

the lowest level of P4 was recorded at the 0-day of estrus. 

2.1.6. Pregnancy in sheep: 

Reproductive breeding season in sheep in native breeds 

such as Rahmani, Barki and Ossimi is usually winter (from 

December to February). This period is linked to suitable 

environmental temperature and availability of green forage and 

long darkness periods (Aboul-Naga et al., 1991). 

In most private owners farm animals mating of ewes in 

heat is accomplished manually by using an active ram. 

Successful pregnancy is detected visually in such cases. 

However, in large governmental farms’ animal, where artificially 

inseminated early pregnancy laboratory diagnostic tests are 

available and reproductive management of sheep herds is more 

profitable (Hafez, 1993). 
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2.1.6.1. Estrogens profile associated with pregnancy 

Estrogens are synthesized in the placenta and are present 

either in the fetal blood or in the maternal circulation. Total 

estrogens in the maternal peripheral circulation are known to 

increase as pregnancy progresses in the ewe prior to parturition; 

this increase occurs for a few days prior to lambing with the 

major rise recorded within 48 hr before parturition (Challis, 

1971; Bedford et al., 1972 and Obst and Seamark, 1972a). 

During early pregnancy, plasma estrone and estradiol-17β 

levels were low in ewes; estrone began to rise 16-48 hr before 

parturition while estradiol-17β returned to low levels within 12 hr 

after parturition (Chamley et al., 1973). On the contrary, Schrick 

et al., (1993) found that there was a tendency for estradiol-17β 

increase around days 10-12 and 19-20 in pregnant ewes. 

El-Sayed and Abdel-Ghaffar (1998) recorded that estradiol-

17β level in Ossimi and Rahmani ewes decreased significantly at the 

10
th
 day after mating then it gradually (but not significantly) increased 

during the 15
th
, 20

th
, 30

th
 and 60

th
 days of pregnancy, followed by a 

sharp increase at 120
th
 day of gestation. The maximum concentration 

occurred during 145
th
 day of gestation and the day of birth.   

Estrone sulfate - the major detectable estrogen found in 

peripheral plasma of the pregnant ewe - becomes increasingly 

apparent from around 70 days after mating, and around day 85 with 

accuracy of 44% in non-pregnant and 88% in pregnant 

interpretation, respectively (Tsang et al.,  1978 and  Worsfold et al.,  

1986). While Illera et al., (2000) concluded that, the measurements 

of estrone sulfate concentrations gave an optimal accuracy for 

pregnancy diagnosis between days 30 and 35 of gestation. 
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Estrone sulfate found to be the major estrogen in all the 

fluids examined by Carnegie and Robertson (1978),who 

reported that jugular venous plasma estrone sulfate appeared to 

be present early in gestation, but the level was too low that a 

definite pattern could not be discerned. A rise in level of estrone 

sulfate was evident by day 35, reaching its peak on day 140 of 

gestation period. While estrone levels remain at a concentration 

blow the sensitivity until day 110 and the increase gradually on 

day 140. Tsang and Hackett (1979) assessed the levels of 

estrone sulfate in sheep around 12 day before parturition and 

found that levels were very low at this stage of pregnancy. 

Results of Hirako et al., (2002) demonstrated that estrone 

sulfate increased around day 50 during first trimester of cow 

gestation, while estrone and estradiol-17β remained at basal 

levels until the 80
th

 day. They added that the rate of increase in 

level after day 80 was greatest in estrone sulfate among other 

measured estrogens.  

Rahman (2006) showed that the major estrogens 

presented in the maternal plasma of the ewe are the sulpho-

conjugates of estrone and estradiol-17β -17α, the concentration 

of which increases progressively from 70 day post coitus (dpc) to 

parturition. Until 120 dpc, the concentration of free estrone and 

estradiol-17β in the maternal plasma remains at low levels. Then 

increases gradually, before undergoing a sudden and rapid rise in 

the last days of pregnancy; this dramatic increase on free estrogens 

is coincidences with a major increase in the estrogen sulpho-

conjugates in the fetal and maternal plasma (Liggins and 

Thorburn, 1994).   
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2.1.7. Post partum in sheep:  

The expected delivery date in sheep is determined 150±5 

days after successfully mating. Uterine involution period is 45-

60 days depending partially on preparturens hormonal status 

specially estrogen levels. High estrogen levels were found to 

deplete LH stores (Wagner and Oxenreider, 1971). 

2.1.7.1. Endocrine events linked to the postpartum period in ewe 

Various experimental designs were carried out to study 

the hormonal pattern of postpartum period that may help to 

improve the reproductive and productive efficiency of ewes 

along the reproductive season. 

In ewes, the resumption of ovulation and ovarian activity after 

parturition is influenced by many factors such as breed, season, lactation, 

suckling intensity and nutrition but endocrine basis of post partum ovarian 

inactivity is not fully understood. However, it is evident that the post 

partum interval is usually characterized by reduced adenohypophysis 

luteinizing hormone (LH) secretion (Hunter, 1968; Nett, 1987; Peters 

and Lamming, 1990 and Haydar and Ali, 2009). 

In post partum sheep, first ovulation might be associated 

with a lower estrogen peak in lactating ewes than non-lactating 

ones, In addition, lower pre-ovulatory LH peak and subsequent 

lower progesterone production by corpus luteum were recorded 

at this time (Cognie et al., 1975). Pelletier and Thimonier 

(1975) found that pituitary responsiveness to GnRH increased 

with time of postpartum and maximum response may be 

achieved earlier in dry ewes than lactating ewes. The authors 

attributed the lower response in lactating sheep to lower production 

of ovarian estrogens, which plays a role in sensitizing the pituitary to 
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GnRH. Suppression of LH and FSH release varies throughout 

lactation period, even when parity and lactation length had been 

standardized (Foxcroft et al., 1987). 

 Al-Gubory et al.,  (1989) stated that plasma concentrations of 

FSH and LH frequency and amplitude of LH pulses increase within 5 

days after parturition, which indicates the presences of follicles of >2 

mm in diameter as early as at the 5
th
 day after parturition (Al-Gubory 

and Martinet, 1986). 

The increase in the frequency of GnRH release was found to 

promote the onset of pulsatile LH release during postpartum 

anoestrus in ewes (Wise, 1990). Whereas, the pulsatile pattern of 

LH secretion is the major limiting factor in the resumption of 

normal estrus cycle during postpartum period in suckling and non-

suckling ewes (Schirar et al., 1990). Whereas results of Smart et 

al., (1994) demonstrated that, the onset of the estradiol-17β -

induced LH surge in ewes was delayed in the early postpartum 

period (day7), but not in the late period (day 14 or beyond). 

Ossimi ewes having five parities, showed high average of 

plasma estrogen levels along period of 60 days after parturition. 

Furthermore, plasma estrogen level was relatively higher at 

lambing day and gradually and significantly decreased toward 

the 60
th 

day after lambing. (El-sayed, 1988). 

Concentrations of plasma estradiol-17β in early 

postpartum period were higher in dry ewes than in suckling ones 

(Mandiki et al., 1990).    

 Effect of estradiol-17β on uterine involution was investigated 

by Sheldon et al., (2003) who showed that Plasma estradiol-17β and 

FSH levels differed significantly along the postpartum period as a 
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result of treating animals with estradiol-17β implants. However, the 

interaction of day vs treatment was not significant. Plasma estradiol-

17β levels were higher in the treated ewes, compared with the 

controls. The mean plasma estradiol-17β levels between days 1 and 

17 postpartum for ewes in the treated group were higher than the 

control ewes. The mean FSH concentration between days 1 and 17 

after parturition was persistently low in the treated ewes and lower 

than the control groups. 

Results of Zdunczyk et al., (2004) indicated that uterine 

involution is completed by the 35th day after parturition in 

primiparous ewes and in the majority of multiparous ewes. The 

uterine involution rate at 25 and 30 days of postpartum was 

higher in primiparous ewes than pluriparous ones.   

2.1.8. Estrogen and Progesterone Function at sub-

cellular level 

The function of estradiol-17β and progesterone -the main 

functional steroid - at the sub-cellular level of hypothalamic-

hypophyseal and ovarian-uterine axis are reviewed as follows  

2.1.8.1. Hypothalamic-Pituitary function 

Estrogens play a central role in regulating female 

reproduction throughout the hypothalamic-pituitary- ovarian 

(HPO) axis, each tissue of which expresses estrogen receptor-α 

(ERα). The HPO axis is central to female reproduction. 

Gonadotropin releasing hormone (GnRH) secreted from the 

hypothalamus stimulates pituitary gonadotrophs to release 

follicle stimulating hormone (FSH) and luteinizing hormone 

(LH) which in turn regulate folliculogenesis and ovulation in the 

ovary respectively. Upon gonadotropin stimulation, the ovarian 
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cells produce steroid hormones, particularly estrogen, which feed 

back at both hypothalamic and hypophyseal levels to regulate 

gonadotropin release (Clark, 2002, and Couse et al., 2006). 

Estrogen actions are mediated by estrogen receptors 

(ERs), ERα and ERβ. ERs are nuclear receptor transcription 

factors that mediate estrogen action by targeting transcription of 

genes whose products will ultimately alter the physiology of the 

cell. Both ERα and ERβ are expressed in the hypophyseal 

gonadotroph, yet diverse lines of evidence indicate that ERα is 

the major mediator of estrogen action in the pituitary 

(Chemyong et al., 2007). In addition, cells expressing ERα are 

necessary and sufficient for estrogen positive feedback actions 

on GnRH (Wintermantel et al., 2006). 

2.1.8.2. Ovarian function 

Estrogen has acknowledged local intrafollicular actions. 

Estrogens act via two types of receptors, ERα and ERβ, and have 

direct proliferative and differentiative influences on follicle 

development, depending on the stage of folliculogenesis. The 

ovary contains both ER subtypes, with a predominance of ERβ 

over ERα in granulosa cells (Drummond and Findlay, 1999 and 

Richards, 2001). 

The actions of estrogen are intimately related to the 

actions of follicle-stimulating hormone (FSH) in 

folliculogenesis. FSH is a key driver of folliculogenesis. It is 

essential for the final growth of antral follicles and small 

growing follicles are responsive to but not dependent on FSH for 

growth (Kumar et al., 1997 and Abel et al., 2000). 
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Results of Britt and Findaly, (2002) hypothesize that the 

proliferative actions of estradiol-17β require ERα, whereas 

principally ERβ mediates the differentiative (and antiproliferative) 

effects of estradiol-17β. 

Progesterone receptor (PR) expression in the ovary is 

relatively low throughout folliculogenesis except during the 

period immediately after the ovulatory gonadotropin surge, 

during which an enormous induction of PR expression occurs in 

granulosa cells of ovulating follicles and is synchronized with an 

equally acute increase in ovarian progesterone synthesis. These 

are indicative of an important role for PR-mediated progesterone 

signaling during ovulation. 

2.1.8.3. Uterine function 

Estrogens stimulate a complex process of epithelial 

proliferation and differentiation in the sexually mature uterus 

that leads to the formation of a multilayered secretory 

endometrium. This effect is critical to providing a suitable 

intrauterine environment for the establishment and maintenance 

of pregnancy. The lack of estrogen-induced uterine epithelial 

proliferation in ER-α–null uteri indicates the essential role of 

ER-α in this process. Although ER-α is present in both epithelial 

and stromal compartments, tissue recombination studies indicate 

the proliferative epithelial response to estrogens is indirect and 

dependent on stromal ER-α actions (Cooke et al., 1997). 

However, the total lack of response to estrogens in ER-α–

null uteri provides strong evidence that ER-α is required to 

mediate the full uterine response to estrogens. In turn, ER-β–null 
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studies suggesting that this receptor form may act as a negative 

modulator of estrogen actions in the uterus (Weihua et al., 2000). 

Regarding sheep, previous studies showed high 

concentrations of estrogen receptor (ER) and progesterone receptor 

(PR) in the uterus of prepubertal ewes (Garofalo and Tasende, 

1996) differing from some species in which PR expression is low 

or undetectable at this stage of development. A recent study has 

described the uterine changes in ER and PR expression during the 

early postnatal period in the lamb and the results support the 

hypothesis that ERα is also necessary for normal uterine growth 

and development in ovines (Taylor et al., 2000). 

  The regulation of sex steroid receptors in the oviduct and 

cervix is similar to that reported for the uterus, i.e., estradiol 

stimulates the expression while P4 down-regulates it; although in 

primates the changes in cervical ER and PR throughout the 

menstrual cycle are more difficult to detect than in the 

endometrium and myometrium (Gorodeski, 1996 ; Brenner 

and Slayden, 1996). 

In the adult ovine and bovine uterus, PR expression is 

highest during the early proliferative phase and present in all 

uterine cell types but is most abundant in the stroma and 

myometrium. PR levels decline as the cycle progresses to the 

secretory phase, initially in the stroma and myometrial cells 

(Couse et al., 2006). 
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2.2. Metabolic pathway and excretion of estrogens 

2.2.1. Biotransformation of reproductive estrogens  

2.2.1.1. Enzyme-catalyzed interconversion between estrone 

and estradiol-17β:  

17β-Hydroxysteroid dehydrogenase (17β-HSD) is a 

group of intracellular isozymes catalyzing intraconversions 

between estradiol and estrone. In addition to classical 

steroidogenic tissues (placenta and ovary), these enzymes are 

widely distributed in a large number of other tissues (e.g. 

adipose tissue, skin, vaginal mucosa, mammary gland and 

liver). 17β-HSD activity is localized in the secretory glandular 

epithelium and proliferative endometrium of the uterus, the 

enzyme activity increase > 10-fold in the uterus during the 

secretory phase of the cycle compared to that during 

proliferative phase. Both estradiol and estrone are converted to 

estriol by 16α-hydroxylase enzyme (Bell et al., 1973). 

2.2.1.2 Oxidative metabolism (NADPH-dependant Hydroxylation):   

Oxidative metabolism of estradiol-17β involves the 

metabolic conversion of estradiol-17β by several CYP450 

enzymes that involved in the metabolism of both endogenous 

and exogenous compounds and that catalyze NADPH- 

dependant oxidative metabolism of estrogens to multiple 

hydroxylated metabolites. Many isoforms of CYP450 exist; 

however, the isozymes that metabolize steroids such as estradiol-

17β are CYP1, CYP2 and CYP3 (Martucci and Fishmann, 

1993; Zhu and Conney, 1998; Payne and Hales, 2004). 
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The CYP450s function as monooxygenases utilizing 

reduced nicotinamide adenine dinucleotide phosphate (NADPH) 

as the electron donor for the reduction of molecular oxygen. The 

general reaction is 

 RH + O2+NADPH+H
+
               3ROH+H2O+NADP

+
 

In this reaction, the oxygen is activated by P450, and one 

oxygen atom is introduced into the substrate RH as a hydroxyl 

group, whereas the other atom of oxygen is reduced to H2O. The 

electrons from NADPH are transferred to the substrate by two 

distinct electron transfer systems. The mitochondrial transfer 

involves transfer of the high potential electron to a flavoprotein, 

adrenodoxin reductase (ferredoxin reductase); and then 

sequentially to adrenodoxin (ferredoxin), a nonheme iron-sulfur 

protein; to P450; and finally to the substrate. The microsomal 

electron transfer system involves only one protein, cytochrome P450 

oxidoreductase, a protein that contains two flavins. The electrons are 

transferred from NADPH to a flavinadenine dinucleotide, followed 

sequentially by transfer to flavinmononucleotide, P450, and the 

substrate (Payne and Halse, 2004).  

2.2.2. Conjugation 

The endogenous formation of estrogen conjugates has 

recognized as a major route of estrogen metabolism. The most 

abundant circulating estrogen conjugates are the sulfates, 

followed by the glucuronides. It is now appreciated that 

estrogen sulfates actually exhibit a much longer half-life than 

do the parent estrogens. Estrone sulfate is the most abundant 

circulating estrogen metabolites, approximately 10-fold higher 

than unconjugated estrone. That finding led to a widely held belief 
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that sulfated steroid hormones serve an important biological role 

as steroid hormone precursors, particularly for steroid hormone-

responsive tissues. 

Conjugated estrogens are not appreciable ligands for the 

ERs; thus, they do not promote ER-mediated activity. Therefore, 

it is assumed that, sulfates and glucuronides represents a pathway 

resulting in less active, more polar and more readily excreted 

estrogenic compounds (Hobkirk, 1985; Pasqualine et al., 1989; 

Guengerich, 1990; Coughtrie et al., 1998 and Zhu and 

Conney, 1998). 

Inactive estrone sulfate is transported to target tissue via 

the circulatory system, taken into target cells, most likely by 

organic anion transporter. Enzymatic hydrolysis to estrone by 

intracellular membrane-bound steroid sulfatase (arylsulfatase 

C), and hydroxylates to active estradiol-17β via catalysis by 

hydroxysteroid-17βdehydrogenase occurs (Williams and 

Stancel, 1996; Coughtrie et al., 1998; Zhu and Conney, 1998 

and Eckhardt et al., 1999).  

The transport of E1S into steroid hormone-responsive 

cells is not well understood. Some studies (Kanai et al., 1996 

and Eckhardt et al., 1999) show that organic anion transporter 

has high affinity for both sulfate and glucuronide estrogen 

conjugates. In addition, this transporter is responsible for 

intracellular import of organic anion rather than the efflux of 

these compounds out of the cell. 
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2.2.2.1 O-Methylation:  

After hydroxylation, 2- or 4-hydroxy estradiol-17β 

rapidly methylated via enzymatic O-methylation to more 

lipophilc and nonestrogenic methylated product. The O-

methylation of catecholestradiols is largely catalyzed by 

catechol-O-methyl-transferase (COMT), an enzyme presents in 

large amounts in several tissues including reproductive organs, 

liver and kidney (Dubey and Jackson, 2001).  

2.2.2.2. Sulfoconjugation: 

Sulfate conjugation of estrogens is catalyzed by several 

members of a superfamily of cytosolic sulfotransferase (SULT) 

enzymes. SULT enzymes catalyze the transfer of SO3 from 3`-

phosphoadenosine-5`-phosphosulfate, the enzymatic cofactor, to, in 

case of estrogens, phenolic acceptor groups. Sulfation of estrone 

and estradiol-17β occurs at the 3-phenolic group of the steroidal A 

ring. Estrogen SULT activity has been demonstrated in a Varity of 

body tissues including liver, kidney, placenta, uterus, adrenal and 

mammary gland. The level of estrogen SULT activity in the liver is 

high, and believed to contribute significantly to the high circulating 

levels of E1-3sulfate. Although, the sulfation of estrogen in the liver 

is the most important overall estrogen-conjugating activity in the 

body, sulfation of estrogens in steroid target tissue has also been 

demonstrated and may well be important in affecting the biological 

activity of estrogens within those tissues, (Raftogianis et al., 2000). 

2.2.2.3. Glucuronidation:  

Estrogen glucuronidation catalyzed by several members of a 

superfamily of microsomal UDP-glucuronosyltransferase (UGT) 

enzymes. UGTs catalyze the conjugation of UDP-glucuronic acid, the 
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UGT co-substrate, to a variety of endogenous and exogenous 

aglycones, including steroid hormones. Whereas estrogens are 

sulfated predominantly at the 3 position, glucuronidation can occur at 

either the 3 or 17β-hydroxyl group of steroidal hormones, with the 

17β position being the apparent predominant site of glucuronidation 

of estradiol-17β. Glucuronidation of estrogens renders those 

molecules less lipophilc and more readily excreted in both urine and 

bile. Steroid hormone glucuronidation observed in liver, biliary 

epithelium, kidney, gut, ovary and mammary gland. Furthermore, 

glucuronidation is a major route of androgen metabolism pathway, 

(Raftogianis et al., 2000).          

2.2.2.4. Desulfation: 

As mentioned before, estrogens metabolism has several 

pathways in target tissue or cell such as sulfation, desulfation 

and interconversion between estradiol-17β and estrone. The 

metabolic conjugation of estradiol-17β and estrone to sulfates 

and glucuronides by conjugation enzymes in liver and target 

cells decreases their hormonal activity by facilitating their 

excretion via urine or feces. (Zhu and Conney, 1998 and 

Raftogianis et al., 2000)  

Since estrone -3-sulfate is a major circulating estrogen 

metabolite with an overall low clearance rate and along half-life, E1S 

is an important precursor of active estrogen particularly for steroid 

hormone-responsive tissue. Sulfated estrogens themselves have 

almost no estrogen receptor binding affinity and their estrogenic 

activity results from the release of unconjugated estrogens by 

enzymatic deconjugation in liver as well as in target tissue or cells 

(e.g. uterine endometrial cells). (Zhu and Conney, 1998). 
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Desulfation process of estrogen sulfates catalyzed by 

sulfatase enzyme - and 17β-glucuronidase for deglucuronidation – 

in target cells contributes substantially to the formation of parent 

estrogen in these cells. Since E13-S transported into target cells, 

which contain high levels of estrogen sulfates activity, enzymatic 

hydrolysis of E1-3S (together with estrogen synthesis by aromatase) 

is likely an important source of parent estrogens in these cells. 

Deconjugation process (desulfation and deglucuronidation) can 

also be done by enzymatic hydrolysis of conjugated estradiol-17β 

and estrone metabolites in liver and /or target cells. (Zhu and 

Conney, 1998) 

Steroid sulfatase (STS) enzyme is responsible for the 

hydrolysis of the alkyl [e.g. dehydroepiandrosterone sulfate 

(DHEAS)] and arylsteroid sulfate [e.g. estrone sulfate (E1S)] to 

their unconjugative form. STS acts on E1S, formed as a result 

of sulfotransferase activity, to form E1 which can subsequently 

be converted to E2. It is found that as much as 10-fold more E1 

could originate from E1S via the sulfatase pathway than from 

androestenediol (Adiol) by aromatase route. (Santner et al., 

1984 and Reed et al., 2005)  

The gm-diol form of formylglycine (FGLy) .-CH 

(OH)OH is crucial to the hydrolysis of sulfate substrates by 

arylsulfatase A(ARSA) and arylsulfatase B(ARSB) (Recksiek 

et al., 1998). The mechanism of STS for the hydrolysis of E1S 

to E1 involves regeneration of the gm-diol form of FGLy from 

FGLyS (FGLysulfated) via: 1) desulfation, catalyzed by the 

nonesterfiied hydroxyl group, followed by the attack of a 

molecule of water on the FGLy intermediate; or 2) a direct 
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attack of water molecule on the sulfur atom of FGLyS. One the 

hydroxyl group of.-CH(OH)OH then  attacks the sulfur atom of 

E1S releasing E1 and regenerating of  FGLyS as a concequence 

(Reed et al., 2005). 

2.2.3. Excretion of estrogen metabolites: 

Estrogenic hormones eliminates from the body by 

metabolic conversion to hormonally inactive (or less active) water-

soluble metabolites that excretes in urine and / or feces. The 

metabolic disposition of estrogens includes oxidative metabolism 

(largely hydroxylation) and conjugative metabolism by sulfation, 

glucuronidation and/or O-methylation. Members of the cytochrome 

P450 (CYP450) family are the major enzymes catalyzing 

nicotinamide adenine dinucleotide phosphate (reduced form) 

NADPH-dependant oxidative metabolism of estrogens to multiple 

hydroxylated metabolites. Although most of the oxidative 

metabolism of estrogens takes place in liver, some estrogen-

metabolizing isoforms of the CYP450 are selectively expressed in 

certain extrahepatic tissues (Zhu and Conney, 1998).  

Gut microorganisms are involved in many complex 

biochemical activities that affect the availability of both natural 

and synthetic steroids to the host. Most if not all steroid 

hormones are taken up by the liver, conjugated with glucuronic 

or sulfuric acid, and excreted via the bile into the gut. Sulfo and 

glucurono conjugation decrease lipid solubility and reduce 

reabsorption from the gastrointestinal tract. In the gut, however, 

steroid glucuronidases of both mucosal and microbial origin and 

steroid sulfatases of bacterial origin deconjugate these esters and 

thus promote their enterohepatic circulation. It is demonstrated that 
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the intestinal microflora hydrolyze many of these sulfated 

compound (Van Eldere et al., 1987). 

In sheep, estradiol-17β is converted very efficiently by the 

liver to estradiol- 17α and excreted in the bile as glucuronide or 

sulfated conjugates; about 30% of the estrogen is resorbed from 

the gut but is re-excreted again by the liver (Kazama and 

Longcope, 1972). Kazama and Longcope, (1972) and Challis 

et al., (1973) reported that a little estrogen is excreted by the 

kidneys and over 80% of estrogen excreted as free Estradiol-17α 

in feces. The ovine pituitary and hypothalamus have strong 

sulfatase activity, permitting substantial conversion of estrone 

sulfate to estrone and estradiol, (Payne et al., 1973). 

Excretion of estrogens from the body was investigated by 

Adams et al., (1994) and stated that estrogens excreted mainly 

(about 90%) via the feces in the form of estradiol-17α with 

relatively small amounts excreted in urine. Palme et al., (1996) 

reported that the percentages of excretion of estrogens via feces 

and urine were about 89% and 11%of estrone. In feces, steroid 

metabolites presented in an unconjugated form, but as 

conjugated in urine.   

2.3. Conventional methods of reproductive status detection 

in sheep 

Early detection of pregnancy is considerable economic 

value to sheep industry. Non-pregnant ewes could be sold, 

reduced feed expenses, while non-pregnant lambs could be 

marketed at higher price than they would bring as mature ewes 

(Gearhart et al., 1988). Separation of the sheep flocks into 

pregnant and non-pregnant ewes might reduce reproductive and 
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productive losses in form of abortions, stillbirths and production 

of weak lambs (Wani et al., 1998). 

Various methods have been used to diagnosis pregnancy 

in sheep. These methods can be classified as less practical the 

management method (non-return to estrus), abdominal palpation 

and ballottement, palpation of the caudal uterine artery, 

laparotomy, peritoneoscopy and reset inhibition test reviewed by 

Ishwar (1995), and the most practical methods such as 

radiography, rectal abdominal palpation, hormonal assays, 

pregnancy proteins assays and ultrasonography. In the following 

review, only the most practical methods are discussed. 

2.3.1.  Ram detection of estrus cycle: 

Male is expert, smells estrous female from afar.  

Vasectomized or aproned male used if wants to reserve for 

artificial insemination or hand mating.  Marking harness with 

colored crayon (change color every 14 days) used on ram or 

colored grease smeared on wool, (Khanvilkar et al., 2009).  

According to studies reported by Blissitt et al., (1990), rams are 

able to differentiate between sexually receptive and non-

receptive ewes by the difference in urine odor. It appears that 

this odor subsequently wanes to become undetectable 4 days 

after estrus. Ewes that are not on estrus usually urinate in 

response to the approach of a ram, whereas estrus ewes do not 

(Bland and Jubilan, 1987). 

2.3.2. Laboratory inspection of vaginal smears 

There are species differences in vaginal changes during 

the estrus cycle. These differences probably reflect different 
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secretion rates for estrogen, progesterone and the 

gonadotrophines. As estrus approach, the vescularity of the 

vaginal wall increases and the vaginal fluid becomes thinner. 

However, vaginal smears are not useful in diagnosing the stage 

of the cycle or hormonal abnormalities (Symington and Hale, 

1967 and Hafez, 1993). In contrast, El-Sayed and Abdel-

Ghaffar (1998), suggested that the vaginal cytology might be a 

helpful tool in recognition of reproductive status in ewes. 

2.3.3. Rectal Abdominal Palpation 

Pregnancy diagnosis in sheep determined by gentle 

insertion of a lubricated glass rod into the rectum of ewe lying on 

its back; The free hand placed on the posterior abdomen while 

the rod manipulated with the other hand  (Hulet, 1972). At the 

early stage of pregnancy, the sensitivity of the technique for 

diagnosing pregnancy was low but it increased with progressing 

of the pregnancy reaching the highest accuracy (100 %) at days 

85 to 109 after mating (Chauhan et al., 1991). 

In contrast, Tyrrell and Plant (1979) and Trapp and 

Slyter (1983) reported a lower sensitivity and specificity at days 

60 to 96 after mating. Although this technique is simple, cheap 

and quick, it had a low accuracy in diagnosing multiple fetuses 

and was more hazardous with respect to rectal injury (Tyrrell 

and Plant, 1979) and abortion (Ishwar, 1995). 

The technique of bimanual palpation of small ruminants 

was developed by Kutty and Sudarsanan (1996). This method 

includes digital palpation per rectum combined with abdominal 

manipulation. By using this technique, pregnant ewes accurately 

diagnosed based on enlarged cervix, prepubic position of the 
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uterus, palpation of placentomes and /or fetal parts, asymmetry 

and /or marked distension of uterine horns and inability to 

palpate the ovaries (Kutty, 1999).  

2.3.4.  Abdominal palpation and ballottement 

Ewes in late pregnancy can be examined by these 

techniques, which become easier and more reliable as pregnancy 

advances especially in thin ewes more than fat animals. Pratt 

and Hopkins (1975) recorded accuracies of 80 to 90%in ewes 

around 90-130 days of pregnancy. With holding feed and water 

for at least 12 h before examination increases ease of the 

examination.   

2.3.5.  Radiography  

This method can be used to detect pregnancy with an 

accuracy of 90% or more, provided ewes are examined later than 

day 90of gestation (Ford et al., 1963). Beside the accuracy, the 

technique is quick; 400 to 600 ewes can be tested per day under 

farm conditions. The cost of the equipment and the potential health 

hazard to the operator may limit its use in the field (West, 1986). 

2.3.6. Ultrasonography 

There are three types of ultrasonographic systems for 

pregnancy diagnosis in the small ruminants,  Doppler ultrasound, 

Pulse-Echo Ultrasound and B-Model Real-Time Ultrasound. 

The Doppler fetal pulse detector diagnoses pregnancy in 

ewes by day 60 of gestation with an accuracy of over 90% 

(Thwaites, 1981 and Trapp and Slyter, 1983) but not accurate 

for counting fetal numbers. On the contrary, real-time ultrasonic 

scanning by the transabdominal approach offers an accurate, safe 
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and practical method of pregnancy diagnosis and determining 

fetal numbers in sheep after day 40 of gestation (Taverne and 

Willemse, 1985 and Gearhart et al., 1988). Moreover, 

pregnancy can be diagnosed by day 20 of gestation and fetal 

numbers by day 31 with 5.0 MHz intrarectal probe (Buckrell et 

al., 1986 and Gearhart et al., 1988). Furthermore, Strmsnik et 

al., (2002) reported that the reliability of transrectal ultrasound 

was 83% on the day 16
th 

of pregnancy and reached 100% by the 

20
th

 day. Additionally, Zdunczyk et al., (2004) confirmed the 

reliability of the ultrasonograghy as an important tool for the 

estimation of the completion of uterine involution in sheep.       

2.4. Modern Laboratory Diagnostic Methods for Reproductive 

Hormones: 

The advent of advanced analytical instrumentation and 

microanalytical techniques, made the management of 

reproductive status in animal farms more easier and economic. 

Such techniques has obviated the dangerous intervention in 

pregnancy especially at primary stages and increased the 

precision of correct diagnosis of questioned reproductive stage of 

animal. 

Laboratory manipulation of biological samples collected 

from animals (blood, urine, milk, saliva or feces) must be 

prepared for analysis. Extraction of estrogens from such 

biological materials depending on the matrix involved. 

Sometime it is possible to extract the estrogens by a simple 

solvent extraction. Sometime it is necessary to hydrolyse 

conjugates prior to the extraction or the conjugates may be 

extracted whilst intact. The key requirement is to use an 
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extracting solvent sufficient polar to remove the conjugates, yet 

immiscible with the fluid or matrix in which they are contained 

(Oakey and Holder, 1995). General procedures followed for 

such preliminary steps will be discussed.  

2.4.1. Blood: 

Simple extraction of estrogens and estrogen conjugates 

from plasma was achieved by using G-15 and G-25 sephadex 

(Eechaute and Demeester, 1965 and Jiang et al., 1973). For 

E1S extraction Tsang (1974) used solvent extraction by 

tetrahydrofuran: ethyl acetate, while, Remy-Martin et al., 

(1973) used methylene blue to extract both of estrogens sulphate 

and glucuronides from plasma. 

Solvolysis of plasma (2.5 ml) diluted 1:1 with water with 

25µl H2SO4 (66%, v/v) in the presence of (NH4)2SO4 (1.1g) 

provided optimal deconjugation of E1S with minimal 

contamination of the estrone produced by unwanted material 

(Hawkins, 1974). Others (e.g. Towobola et al., 1980) preferred 

to extract E1S from plasma with ether-methanol in the presence 

of (NH4)2SO4 and carry out solvolysis in the ether-ethanol phase. 

2.4.2. Urine: 

There are several extracting solvents used for estrogens 

extraction from urine such as chloroform-n-butanol which used 

by Kammer and Goldzieher, (1969) and pyridinium sulphate in 

presence of NaCl by Okerholm et al., (1970) for extraction of 

estrogen sulphates and glucuronides from urine.  

As mentioned before, hydrolylsis of the conjugates may 

be necessary for further purification or detection of estrogens. 
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Acid hydrolysis is applied to urinary estrogens. Solvolysis 

utilizes the ability of certain solvents in the presence of H
+
, to 

hydrolyse conjugated steroid. 

Acid solvolysis is accomplished via addition of conc. HCl 

and heating under reflux. The deconjugated estrogens are solvent 

extracted with diethyl ether. A variety of different enzyme 

preparations have been used to liberate estrogens from the 

respective sulphate and glucurosiduronate conjugates. In the 

preferred method of hydrolysis with enzymes, 1800units of 

enzyme are used for hydrolyzing a 5ml volume of urine at an 

incubation temperature 60oc for 30min. acid hydrolysis was 

accomplished by heating the sample with HCl at 110oc for 

30min. Hence, the free estrogens are usually extracted with 

appropriate organic solvent (Touchstone et al., 1986). 

2.4.3. Milk:  

Estrogens extraction from milk is achieved by solvent 

extraction by ethyl acetate: hexane with vortex on orbital shaker, 

followed by warmed methanol (70%) extraction. The extraction 

accomplished via incubation and centrifugation. Hence, the 

reconstituted dry estrogen fractions are passed through 

chromatographic column packed with sephadex LH-20 to 

separate estrone and estradiol, (Monk et al., 1970; Wolford and 

Agroudelis, 1979 and Pape-Zambito et al., 2008).  

2.4.4. Saliva:  

Estrogens can be obtained from saliva by simple solvent 

extraction with diethyl ether. Following separation, the ether 

fraction is collected, dried and reconstituted in phosphate buffer 

saline (PBS) 0.1M, pH 7.0 (Czekala and Callison, 1996). 
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Other researchers (e.g. Gomez et al., 2004) reconstitute 

the dried ether fraction in methanol, followed by sonication and 

air-drying of methanol fractions then reconstitutions in the 

working PBS. This procedure used for extracting both of 

estrogens and androgens from saliva.    

2.4.5. Feces: 

As mentioned before, the extraction and immunoassay of 

fecal steroids is an increasingly common technique, used in both 

captive and field studies to provide an approximation of animals’ 

circulating hormones through non-invasive method. Moreover, 

the technique for extraction of these steroid hormones from feces 

is an important tool for monitoring the reproductive function of 

the animals (Korndorfer et al., 1998 and Khan et al., 2002).  

Estrogen metabolites present in feces are sulfate and 

glucuronate conjugates. These fecal steroid metabolites are 

water-soluble derivatives. Nevertheless, highly polar organic 

solvents were used for their extraction from feces. Several 

reports described extraction methods with different organic 

solvents (Bamberg and Schwarzenberger, 1990; 

Schwarzenberger et al., 1991; Schwarzenberger et al., 1996). 

Other authors have published methods to reduce labor and 

made limited use of organic solvents (Wasser et al., 1991and 

Shideler et al., 1993). The procedure includes the extraction of 

small amount of wet feces (0.25g) by combination in a 1:10 

proportion with a modified phosphate buffer(0.1 M pH 7.0, 

0,1%BSA with 5% Tween20 and 20% methanol), shaken for 

24h, centrifuged and decanted and the supernatant used directly 

for metabolites measuring.   
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Nevertheless, the most common extraction procedure 

used in this field was the one described by Bamberg and 

Schwarzenberger, (1990) and Schwarzenberger et al., (1996) 

and confirmed by Kordorfer et al., (1998) who has tried another 

two procedures and found this procedure is the appropriate one. 

The method includes weight of (0.5g) wet feces in glass tube. 

Distilled water (0.5ml) and methanol (4.0ml) were added. The 

tubes shaken for 3 min. (3.0 ml) petroleum-ether was added and 

the tubes were shaken again for 15 sec. then centrifuged for 30 

min. at 1500g. The tubes were frozen for 5min. in a bath of 

methanol and dry ice followed by transferring methanolic phase 

to capped vial and storing at -15
o
c until assay.    

2.5. Chromatographic measurements of steroids related to 

reproduction 

2.5.1. Gas liquid chromatography (GLC) 

Use of GLC for steroid detection requires the steroid solute to 

be presented into vapor phase in order to capable of analysis without 

destruction at high temperatures (usually excess of 200
o
c required for 

this). Moreover, hydrolysis of steroids conjugates and extensive 

purification system are required before introduction of the sample to 

the GLC column. Estrogens can be analyzed by GLC without 

derivatisation, since they are stable at the required high temperatures. 

However, the presence of hydroxyl groups impairs the 

chromatographic resolution due to adsorption during chromatography. 

In addition, underivatised estrogens have long retention times and 

occasionally may by dehydrated. While, C-21 steroids with the 17-

hydroxycoticosterod side chain undergo side-chain cleavage giving 

17-oxo steroids (Makin et al., 1995). 
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GLC has been widely applied to the measurement of 

estrogens in urine, blood and amniotic fluid, (Oakey and 

Holder 1995).urine estrogens were measured by Pfaffembrger 

and Horning (1975), Fotsis and Adlercreutz (1987) and Fotsis 

(1987). Roy et al., (1991) determined of estradiol-17β 2- and 4-

hydroxylase levels by GLC. 

2.5.2. Gas-chromatography (GC) and GC-mass spectrometry (GC-MS) 

The first example of GC applied to steroids was published 

by Vanden-Heuvel et al.,(1960). Within a few years, the 

technique had been combined with mass spectroscopy (Ryhage, 

1964). Steroids were among of the first compounds analyzed on 

GC-MS instrument either in serum (Sjovall and Vihko, 1968) or 

urinary samples after their release from conjugation (Horning, 

1968). GC-MS were used for analysis of plasma steroids, 

especially C19 and C18 steroids, such as (testosterone, 

androstendione, dihydrotestosterone) and conjugated (5α-

androstane-3α, 17β-diol, 17β-glucuronide and DHEA sulfate) 

(Wudy et al., 1992 and Dehennin, 1993). Furthermore, GC-MS 

used as a reference technique for validating serum assays of steroids 

like cortisol, progesterone and cholesterol (Makin et al., 1995). 

For GC and GC-MS analysis, the analyte requires being 

volatile so the sample subjected to a number of procedures like 

extraction, fractionation, solvolysis, hydrolysis, derivatization 

and injection to the GC (Yamaga et al., 2001). Therefore, GC 

does not play a very important role in the analysis of steroid 

hormones (Gorog, 2004).  
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2.5.3. Thin-Layer chromatography (TLC) and High performance TLC 

(HPTLC) 

TLC is widely used in steroid analysis either as an 

analytical method or as a cleanup procedure. Silica gel is the 

most commonly used adsorbent for steroid analysis, moreover, 

silica gel plates impregnated with silver used for separation of a 

large group of steroids. The two solvents systems chloroform-

acetone (9:1, v/v) and cyclohexane-ethylacetate-ethanol 

(77.5:20:2.5, v/v) are claimed to be efficient for separating major 

estrogens, androgens and pregnones (Jain, 1996).  

Tsang (1984) used two solvent systems for multiple 

developments in the same direction to give good separation of 

estrone sulfate, 17-estradiol 3-sulfate, and 17-estradiol 17-sulfate 

on silica gel 60F254 plates. Solvent system 1 consisted of 

ethanol-chloroform-ammonia (45:90:1.8), and solvent system 2 

contained ethanol-ethyl acetate-ammonia (45:90:1.8). 

All of estrone sulfate, estradiol-17β-glucuronide, estrone 

β-glucuronide, estriol-16α-glucuronide, estriol-3-sulfate and 

estriol-17β-glucuronide were resolved on Rp-18 and Rp-8 layers 

with the ion-pairing mobile phase methanol-0.5% aqueous 

tetramethyl-ammonium chloride (45:55 or 50:50, v/v) Watkins et 

al., (1986). Similarly, polyamide-coated plates were utilized to 

resolve estrone sulfate in reversed mobile phase system 

containing 20% acetonitrile in H2O containing 5nM aqueous 

triethyleamine triethanolamine, tris-hydroxy methyl aminoethane 

or tributilamine (Szepesi and Gazdag, 1996).       

Separation of three estrogens (E1, E2, and E3) was applied 

on HPTLC-C18, (10 X 10-cm) plates using absolute alcohols as 
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the mobile phases. The RF values with ethanol were 0.83 for 

estriol, 0.77 for estradiol, and 0.74 for estrone; values for the 

corresponding estrogens using butanol as the mobile phase were 

0.92, 0.85, and 0.83, respectively (Lamparczyk et al., 1989). 

The most universal spraying reagent that can be used for 

locating steroids in situ, involves spraying the plates with 10% 

sulfuric acid in methanol, heating for 10 min at 90oc and 

fluorescence scanning (ex. 366nm, em.509nm) for quantification 

(Jain, 1996).  

2.6. Radioimmunoassay (RIA) 

RIA technique had been widely used in measuring steroid 

hormones either in human or different animal species samples 

throughout the different stages of reproductive cycle. This 

measurement involved assessment of steroids in serum, plasma, 

saliva urine and recently in fecal samples. 

Early assays to determine E1S in serum or plasma involved 

extraction of the metabolite from the sample, solvolysis of the 

conjugate and the measurement of the unconjugated estrone by RIA 

(Oakey and Holder, 1995). The production of specific antisera 

against estrone sulphate permits radioimmunoassay without removal 

of conjugated group and direct RIA measurement; synthesis of 

estrone 3-methylphosphothionate and linkage to methylated bovine 

serum albumin (BSA) for immunization purpose was tried by Cox et 

al., (1979). While Nambara et al., (1980) used estrone 3-sulphate 

6α-hemisucciate bovine serum albumin for immunization. The 

produced antiserum was used in a non-extraction assay by Hanjo et 

al., (1986). 
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Ranadive et al., (1998) developed a specific, simple and 

rapid RIA for the direct quantification of either serum or plasma 

estrone sulfate (E1S) by synthesis of E1S-6-CMOlinked to BSA 

which used as immunogen to obtain E1S antisera. These antisera 

were used in direct E1S RIA assay. The assay has a dynamic range of 

0.05-90µg/l with a detection limit of 0.009 µg/l. Intra-assay CVs 

were 9.2%, 4.5% and 4.6% at 0.35, 9.0 and 60µg/l, respectively. 

Inter-assay CVs were 8.8%, 5.1% and 5.5% at 0.076, 0.5 and 12 µ/l, 

respectively. Cross-reactivity with structurally related estrogens were 

<5% when compared with a conventional assay (involving 

hydrolysis of E1S and indirect measurement of estrone). 

Giton et al., (2002) followed the forementioned procedure 

for antiserum production. Nevertheless, extraction of serum or 

plasma and separation of plasma DHEAS from plasma E1S before 

E1S RIA was found necessary. Cross-reactivity of prepared antiserum 

with DHEAS was low (0.002%) which might interfere with the assay. 

The detection limit of this assay was 1.8nmol/l in aged men and 

1.97nmol/l in young men. While, Geisler et al., (2008) described 

another RIA method for indirect measurement of estrone, estradiol-

17β and estrone sulfate in human plasma. For estrone and estrone 

sulfate (following hydrolysis), the plasma samples were solvent 

extracted, converted to estradiol-17β and serial chromatographic 

purification steps. The estrogens measured by RIA using estradiol-17β 

-6-CMO-2-(2-[
125

I]-iodo-histamine) as ligand. The detection limits 

found to be 1.14pmol/l for E1, 0.67pmol/l for E2 and 0.55pmol/l for 

E1S, respectively. The intra-assay CV was 3.4% for E1, 5.1% for E2 

and 6.1% for E1S, while the inter-assay CV was 13.6%, 7.6% and 

7.5% for E1, E2 and E1S, respectively.  
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Specific antisera to estrone sulfate in rabbits for direct RIA 

measurement purpose was developed recently (Elbanna et al., 

2009). The immunogen prepared was E1-3S-17-CMO: BSA, while 

the cross reacting estrogenic structures were immune suppressed via 

immunotollarization using estrone 3-hemisuccinate: rabbit gamma 

globulin (E13-S-HS:RGG). The produced antibody had minimal 

cross-reactions with the unconjugated estrogens or other steroid 

sulfates. 

For the conjugated form of estrone (E1), estrone sulphate 

(E1S) in the feces is useful for pregnancy diagnosis by RIA 

method after extraction of samples on a solid phase column 

(Ohtaki et al., 1999) or by methanolic extraction method 

(Schwarzenberger et al., 1991 and 1996). 

2.7. Enzyme-Linked Immunosorbent Assay (ELISA) 

ELISA as non-competitive assay was applied by De lauzon 

et al., (1992) to predict ovulation in human. The method depended 

on the recognition of free estrogens and some of 17-glucuroinde and 

sulphate conjugates in urine throughout the discrimination between 

basal estrogen concentration and pre-ovulatory surge. Similar work 

by Lasley et al., (1991) showed that blood estradiol-17β and urine 

estrone conjugates gave similar pattern throughout reproductive 

cycle (Bouve et al., 1992). 

Furthermore, Isobe and Nakao (2004) used a direct ELIAS 

for pregnancy diagnosis by measurement of estrogen derivatives 

(E1S) in fecal samples, and concluded that ELISA is practical 

method, which might be usable for pregnancy test.  
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2.8. Invasive versus non-invasive detection of steroids 

Laboratory analytical methods of steroids among other 

blood parameters have been established routinely in blood 

samples. Collection of blood samples incurs invasive technique 

with subsequent possibility of contamination, risking injury, 

infection and stress, in addition, blood samples represents serum 

steroid levels within a narrow time frame (Goymann et al., 

1999). Non-invasive procedure techniques such as performing 

assays in urine (Munro et al.,  1991; Kirkpatrik et al.,  1992; 

Heistermann et al., 1996; Hay and Mormede 1989  and Xu et al.,  

1999), saliva (Vining et al.,  1983; Mc Garrigle and Lachelin 

1984; Riad-Fahmy et al.,  1987; Cooper et al.,  1989; Di Giano et 

al., 1992; Hedriana et al.,  2001 and Grosch, 2008) and feces 

(Goymann et al.,  1999) made the assay more safe and easier.  

Non-invasive measurement of hormones in feces is 

desirable because animals need not to be captured, samples can 

be obtained repeatedly and fecal steroid metabolites represent 

pooled fractions of plasma steroids, providing an integrated 

measure of physiological status (Goymann et al., 1999). In 

addition, the measurement of fecal steroids over time has been 

used to characterize reproductive cycles and their seasonality, 

diagnose pregnancy and specific reproductive dysfunctions 

(Schwarzenberger et al., 1996). 

Estrogens can be used as an indicator for pregnancy 

diagnosis in animal species in which the feto-placental unit is the 

source of large quantities of estrogens. In most studies on fecal 

estrogens determinations, unconjugated estrone and /or estradiol-

17β or estradiol-17α levels measured using specific estrogen 

antibodies or antibodies against total unconjugated estrogens. 
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Steroid concentrations in feces exhibit a similar pattern to those 

in plasma, but have a lag time that, depending upon species, can 

be from 12 h to 2 days (Schwarzenberger et al., 1996 and 

Celebi and Demirel 2003). 

Fecal estrogen evaluations for pregnancy determination 

were used in domasticated farm animals (Bamberg et al., 1984a 

and 1984b; Mostl et al., 1984; Mostl et al., 1987; Desaulniers 

et al., 1989; Abdel-Gaffar et al., 1996; Schwarzenberger et 

al., 1996; Chunwang et al., 2001 and Celebi and Demirel, 

2003). On the other hand, the measurement of fecal steroid 

metabolites associated with pregnancy have been applied on 

wild-life, zoo and non-human primates (Wasser et al., 1988; 

Kirkpatrick et al.,  1991; Wasser et al., 1994; White et al., 

1995; Wasser et al., 1996; Goymann et al., 1999; Stead-

Richardson et al., 2001; Graham et al., 2002; Lynch et al., 

2003 and Schwarzenberger et al., 2004). 

Fecal steroid analysis also has been used successfully to 

diagnose pregnancy in desert bighorn sheep and Rocky 

Mountain bighorn sheep using a nonspecific assay for 

progesterone metabolite, pregnendiol-3-glucuronid (pdG), with 

100% accuracy from about Day 60 of pregnancy until a few days 

before parturition (Borjesson et al., 1996). Cebulj-Kadunc et 

al., (2000) obtained similar results in the Jezersko-Solchava 

ewes. The correlation between serum progesterone and fecal 

gestagen concentration during postpartum period was positive 

and significantly correlated. 

Results of Schoenecker et al., (2004) concluded that fecal 

analysis of pregnediol-3-glucuronid (pdG) and immunoreactive-

pdG could be used accurately to determine pregnancy and 
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reproductive function in bighorn sheep; however estrone 

conjugates (EC) was not useful in pregnancy diagnosis. On the 

other hand, Capezzuto et al.,  (2008) in goats found positive 

significant correlation between serum estradiol-17β  and fecal 

estrogens throughout gestation with (r=0.84) highly correlation 

coefficient 

Furthermore, results of Abdel-Ghaffar et al., (1996) stated 

that the concentration of fecal estrogen (estradiol-17α and β) 

could be used for monitoring the ovarian function during various 

phases of estrus cycle as well as for the confirmation of pregnancy 

and as a diagnosis tool of some infertility problems in both cattle 

and buffaloes. 
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3. MATERIALS AND METHODS 

The present study was carried out at the sheep experimental 

farm belonging to Animal Nutrition Unit, Department of Applied 

Radiobiology, Nuclear Research Center, Egyptian Atomic Energy 

Authority. Inshas, Sharkia Governorate. 

Hormonal radioimmunological assay of serum estradiol 

(E2), estrone (E1), estrone sulphate (E1S) and estrone sulphate (E1S) 

in fecal samples was performed in the laboratories of the 

Endocrinology Research Unit, Applied Radiobiology Department, 

Applied Radioisotope Division, Nuclear Research Center, Atomic 

Energy Authority. 

It was aimed to point out the ovarian estrogens E1, E2, 

E1S in serum and their metabolite E1S in fecal samples profile in 

hybrid Egyptian sheep during estrus cycle, pregnancy and post-

partum periods as indicator for reproductive activity. In addition, 

detection of any of reproductive disorder to suggest the 

convenient solution of such cases. 

3.1. Experimental farm animals: 

A total number of 62 local fat tail ewes (Ossimi x 

Rahmani x Barki) hybrid with equal genetic proportion were 

randomly selected according to reproductive farm records and 

subjected to the study.  

3.1.1. Management of the experimental animals: 

All experimental animals were allowed to graze Egyptian 

clover (Trifolium alexandrinum) during the period from 

December until May. Then fed on rice hay, clover hay, crop 

residues and available green fodder in summer months. Pelleted 
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concentrate mixture of ingredient and nutritive value as indicated 

in the following Table was allowed in amount depending on 

grazing conditions. Drinking water was offered ad lib to the 

animals.  

 

Ingredient % Amount (%) 

Undecorticated cotton seed cake 

Wheat bran 

Corn 

Rice bran 

Molasses 

Calcium carbonate 

Sodium chloride  

35 

33 

22 

4 

3 

2 

1 

Nutritive value 

Total digestible nutrient (TDN %) 

Crude protein (C.P %) 

Crude fibers (C.F %) 

Fat (Ether Extract) (E.E) 

Metabolizable energy(M.E) (Kcal.) 

78.20 

21.53 

17.81 

3.48 

2872.50 

    *approved analysis by Egyptian Ministry of Agriculture.  

Born lambs were kept all time with their dams for 

suckling even during the time of grazing. Suckling lasted 8 

weeks of age (the time of weaning). 
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3.1.2. Animals grouping:  

The animals selected were grouped according to their 

reproductive status as follows: 

• Ewes showed irregular cycle; total number of 5ewes with 

average of 5yrs. and 43Kg body weight. 

• Ewes showed regular reproductive cycle; total number of 57 

ewes with 2.5-3 yrs. averaged age and body 44Kg weight. 

3.1.3. Mating time and mating system: 

 Rams were allowed to be with ewes all time for natural 

mating. In this case rams detect the ewes in heat. 

3.2. Collecting of Data, Blood and Fecal sampling: 

3.2.1. Blood sampling 

Estradiol-17β, Estrone and Estrone sulfate were estimated 

in blood serum. Estrogen sulfate was estimated in fecal samples, 

estimations were carried out in the following times: 

1-estrus cycle 

a- Diestrus. 

b- Proestrus. 

c- Estrus. 

d- Metaestrus. 

2-pregnancy 

Every 10 days up to the time of parturition. 

3- Postpartum 

Every 10 days up to 60 days. 
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Blood samples were collected directly from the jugular 

vein in evacuated glass tubes. Puncture of Jugular vein was 

carried out using vacutainer needle. Collected blood samples 

were water-bathed at 37
° 

C for 10 min. and kept overnight in 

cold room at 4
o
C. Samples were then centrifuged at 3000 rpm for 

30 min, after that serum had been separated and stored at -20
°
C 

till assay time. 

3.2.2. Fecal samples collection, extraction and storage: 

Fecal samples were collected 24 hours after blood 

collection to reflect the levels of serum estrogenic hormones in 

blood circulation. Fecal samples were collected directly from 

rectum using latex glove and paraffin oil according to the same 

protocol as blood samples in number and time (with 24 hrs. lap). 

Fecal samples, as with most biological samples, are most 

stable when stored at sub-zero temperatures (Whitten et al., 1998). 

Therefore, after collection, samples were kept in zippered bags 

chilled on ice and stored frozen at -20
o
 C until extraction. 

Extraction procedure used was modified from Bamberg and 

Schwarzenberger , (1990) for extraction of estrogens, 0.5gm of wet 

feces were weighed in glass tube. 0.5 ml distilled water and three or 

four of Teflon beads were added and the tube was mixed by vortex  

for 5min. 4 ml methanol was added and the mixture was  vortexed  

again  for 5 min, to ensure complete pulverization of fecal samples. 

Tubes were further shaken for 30min to extract steroids. 3 ml 

Petroleum ether was added to remove non-polar lipids and the tubes 

were shaken again for 1 min, and then centrifuged at 3000rpm for 

30min. Amount of 2 ml of methanolic extract were transferred to a 

mini-glass column plugged with quartz wool for precise filtration. 
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The clear filtrate (0.5 ml) was transferred to glass vials and freeze-

dried then preserved with the rest of clear filtrate stock at -20° C for 

subsequent analysis. 

Fecal samples collected from male sheep were treated as 

the previous procedure to be used as fecal female estrogen free 

blank (FFEFB). 

3.3. RIA procedure: 

3.3.1. Chemicals: 

All chemicals and organic solvents used in this study 

were A.R grade and/or HPLC quality. Methanol obtained from 

Polski Odczynniki Chemical-Poland and petroleum ether was 

from Riedel-Hannover-Germany. Estrone 3-sulfate (E1S), pig 

skin gelatin, sodium chloride, Dexamethasone (DXM), and 8-

anilino-1-napthalene sulfonic acid (ANS) were purchased from 

Sigma Chemicals Co. st. Louis (MO. USA). Tritiated radioactive 

tracers estrone sulfate, ammonium salt [6, 7-
3
H] of 57.3 ci/mmol 

specific activity and estradiol [2,4,6,7-
3
H], specific activity100 

ci/mmol, were purchased from NEN (Boston, M.A.,USA). 

Sodium dihydrogen phosphate, dihydrate (NaH2PO4. 2H2O) 

extra pure was purchased from Merck (E.Merck, Darmstadt, 

Germany), while the disodium hydrogen phosphate anhydrous 

(Na2 HPO4) was from Panreac Comp. (Barcelona, Spain). 

Ethylene diamine tetra acetic acid, dipotassium salt, (EDTA) 

BDH Chem. Ltd., Poole, England. Sodium azide (NaN2) was 

from Colnbrook Bucks, England. 
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3.3.2. Buffers and Reagents: 

Basic assay buffer used was phosphate buffer saline 

(PBS) 0.1M pH 7.4 containing 0.9 % NaCl and 0.01 %sodium 

azide.  0.1% pig skin gelatin was added to PBS to prepare (PBS-

G ), to be used in preparation of Standard curve set points of E2, 

E1, E1S and working solution of radioactive  tracers, DXM 

(300ng/50µl) and ANS blocking agent (100 ng/ 50ul/ RIA tube). 

EDTA 0.05M was dissolved in another volume of PBS to have 

PBS-EDTA which is  used in preparation of normal rabbit serum 

(NRS) 1:600,E2, E1, E1S antibodies and second antibody. All 

buffers were prepared and stored 4
o
 C. 

3.3.3 Antibodies working solutions preparation:  

E2 (R#121 pooled), E1(R#226 pooled) and E1S (R#221 

pooled) antibodies were prepared in PBS-EDTA (0.1 M, pH 7.4) 

containing (NRS) 1:600. The titers of previous antibodies were 

(1:1500), (1:20000) and (1:1000), respectively. While, 

Precipitating second antibody (anti rabbit gamma globulin-

ARGG) was diluted (1:32) in PBS-EDTA (0.1 M, pH 7.4), it was 

produced in Sheep by immunization using purified rabbit gamma 

globulin. Second antibody was prepared previously at 

Endocrinology Research Unit Lab. 

3.3.4. Assay setup: 

3.3.4.1. Standard curve setup in sheep hormone free serum 

(SHFS): 

All study assays were prepared in disposable (50mm 

x6mm) polystyrene test tubes round bottom minitubes. Standard 

points were prepared as serial dilutions from stock solution 
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(1mg/1ml) to give concentrations ranging from 1 pg to 2000 

pg/50µl/RIA tube. A set of total count (TC), total binding (B0) 

tubes and each standard dilution in quadruplicates were 

prepared. Assay buffer was pipetted (150 µl) in NSB and Bo 

tubes, while 100ul were dispensed in the standard tubes. Fifty µl 

of NRS1:600 (v/v) in PBSG 0.1M pH 7.4 were pipetted in NSB 

tubes, 50µl of sheep hormone free serum (SHFS) were added to 

all tubes (except TC) followed by 50ul of each standard dilution 

to their corresponding tubes. 50ul of blocking agent ANS 

(100ng/50µl) were dispensed on all tubes. First antibody (initial 

dilution giving 35-45% binding) was added in 50µl /tube to all 

tubes except TC and NSB. All tubes received 50 µl of tracer and 

100µl of second antibody. Then, tubes were vortexed and 

incubated overnight at +4
o
C. The bound fraction was separated 

from free by centrifugation at 3000 rpm for 45 min. The bound 

fraction was dissolved in 10µl H2SO4 55% followed by vortex 

and addition 250 µl of liquid scintillation cocktail. All tubes 

were vortex mixed and kept at +4
o
 C over night before 

determination of tritium activity. Tritium radioactivity was 

measured in automatic liquid scintillation spectrometer.  

In case of E2 and E1 standard curve setup antibodies and 

tracers were replaced by their respective antisera and radioactive 

tracers. Also the blocking agent was replaced by DXM 

(300ng/50µl).   

3.3.4.2. E1S standard curve set up in fecal female estrogen free 

blank (FFEFB): 

Set up of E1-s standard curve in FFEFB was similar to the 

previous prepared standard curve in SHFS, but with replacement 
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50µl/RIA tube of sheep hormone free serum by (FFEFB). Ram 

feces extract was used as female estrogen free blank.  

3.3.4.3. E1S assay procedure for serum samples: 

The assay was arranged in duplicated serial numbered 

polystyrene mini tubes, except total count (TC), zero binding 

(B0), quality control (QC) and standard (STD) tubes were in 

quadruplicates. Reagents order of addition is shown in Table (1). 

The assay total reaction volume was adjusted to 400µl and 

maintained by addition of assay buffer as shown in Table (1). 

The tritiated tracer was diluted to give ≈ 6000: 7000 cpm as total 

count per 50µl/ RIA tube, according to Elbanna et al., (2009). 
 

Table (1): Serum E1S  pipetting protocol 

 
PBG NRS HFS QC SPLE STD ANS 

1st 

AB 

E1-s 
3
H 

ARGG  PBS  

H2SO4 

55% 
Hisafe 

TC - - - - - - - - 50 - - 
10 

250 

NSB-B 200 50 - - - -  - 50 100 500 
10 

250 

NSB-S 100 50 50 - - - 50 - 50 100 500 
10 

250 

B0-B 200 - - - - - - 50 50 100 500 
10 

250 

B0-S 100 - 50 - - - 50 50 50 100 500 
10 

250 

QC 100 -  50 - - 50 50 50 100 500 
10 

250 

STD-S 50 - 50 - - 50 50 50 50 100 500 
10 

250 

SPLE 100 - - - 50 - 50 50 50 100 

In
cu

b
a
te

 o
v
er

n
ig

h
t 
in

 c
o
ld

 r
o
o
m

 

500 

C
en

tr
if
u
g
e 

a
t 
3
0
0
0
 r

p
m

 f
o
r 

4
5
 m

in
. 

10 
250 

Abbreviations; TC = total count, NSB (B) = non-specific binding in buffer, NSB(S) 

= non- specific biding in serum, B0 (B) = 0 binding in buffer, B0 (s) = 0 binding in 

serum, QC= quality control, STD (s) = standard in serum, Sple = sample.  
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After 2
nd

 antibody (1/32 initial dilution) addition, the 

tubes were vortexed carefully and incubated overnight at+ 4
o
c to 

ensure complete equilibrium binding between antibody and 

tracer, as well as complete precipitation of Ab-tracer complex by 

ARGG. Cold washing buffer (500 µl) was added and followed 

by centrifugation of the tubes at 3000 rpm at 4
o
 C for 45 min. to 

separate bound from free fractions. Supernatant was poured off 

and the rims of RIA tubes were washed by distilled water for 

three times and let drain to dryness. Ten µl of 55% H2SO4 was 

added to all tubes to release pelleted bound hormone. Counting 

cocktail (250µl) was dispensed to each tube and mixed again by 

vortex and incubated overnight at+4
o
 C to ensure complete 

extraction of tritiated tracer into the liquid scintillation fluid. The 

tubes were counted for 1 min. in liquid scintillation counter 

(LSC) Wallac, 1409(wallac Turuk, Finland).   

3.3.4.4. E1S assay procedure for fecal samples: 

a) Fecal samples preparation: 

Before analysis, the preserved fecal freeze-dried samples 

were reconstituted in 0.5 ml of PBS-G (0.1M, pH 7.4), mixed by 

vortex and incubated overnight at 4°c to be ready for assay. 

Reconstituted fecal sample (50 µl) was used in RIA.   

b) Assay procedure: 

All assay arrangements and conditions are similar to 

serum E1S assay procedure, except SHFS and standard curve set 

points were replaced by FFEFB and standard curve for fecal 

samples as shown in Table (2). 
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Table (2): Fecal E1S  pipetting protocol 

 

 PBG NRS FFEB QC SPLE STD ANS 
1st 

AB 

E1-s 
3
H 

ARGG  PBS  

H2SO4 

55% 
Hisafe 

TC - - - - - - - - 50 - - 10 250 

NSB-

B 
200 50 - - - -  - 50 100 500 10 250 

NSB- 

FFEB 
100 50 50 - - - 50 - 50 100 500 10 250 

B0-B 200 - - - - - - 50 50 100 500 10 250 

B0- 

FFEB 
100 - 50 - - - 50 50 50 100 500 10 250 

QC 100 -  50 - - 50 50 50 100 500 10 250 

STD 50 - 50 - - 50 50 50 50 100 500 10 250 

SPLE 100 - - - 50 - 50 50 50 100 

In
cu

b
at

e 
o

v
er

n
ig

h
t 

in
 c

o
ld

 r
o

o
m

 

500 

C
en

tr
if

u
g

e 
at

 3
0

0
0
 r

p
m

 f
o

r 
4

5
 m

in
. 

10 250 

3.3.4.5. E1 assay procedure: 

The assay was arranged in duplicated serial numbered 

polystyrene mini tubes, except total count (TC), zero binding 

(B0), quality control (QC) and standard (STD) tubes were in 

quadruplicates. Order of addition is shown in Table (1). The 

assay total reaction volume was adjusted to 400µl and 

maintained by addition of assay buffer as in Table (3). The 

tritiated tracer was diluted to give ≈6000: 7000 cpm /50µl/RIA 

tube as total. 

After 2
nd

 antibody (1/32 initial dilution) addition, the 

tubes were vortexed carefully and incubated overnight at+ 4
°
C to 

ensure complete equilibrium binding between antibody and 

tracer, as well as complete precipitation of Ab-tracer complex by 

ARGG. Cold washing buffer (500 µl) was added and followed 

by centrifugation of the tubes at 3000 rpm at+ 4
°
 C for 45 min. to 
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separate between bound and free fractions. Supernatant was 

poured off and the rims of RIA tubes were washed and let drain 

to dryness. Ten µl of HCl (6N) was added to all tubes. 250µl of 

counting cocktail was dispensed to each tube; mixed and 

incubated overnight at 4
°
C to ensure complete extraction of 

tritiated tracer. The tubes were counted for 1 min. in LSC. 

Table (3):Serum E1 pipetting protocol 

 PBG NRS HFS QC SPLE STD DXM 
1

st
 

AB 

E1- 
3
H 

ARGG  PBS  HCL 6N Hisafe 

              

TC - - - - - - - - 50 - - 10 250 

NSB-B 200 50 - - - -  - 50 100 500 10 250 

NSB-S 100 50 50 - - - 50 - 50 100 500 10 250 

B0-B 200 - - - - - - 50 50 100 500 10 250 

B0-S 100 - 50 - - - 50 50 50 100 500 10 250 

QC 100 -  50 - - 50 50 50 100 500 10 250 

STD-S 50 - 50 - - 50 50 50 50 100 500 10 250 

SPLE 100 - - - 50 - 50 50 50 100 

In
cu

b
at

e 
o

v
er

n
ig

h
t 

in
 c

o
ld

 r
o

o
m

 

500 

C
en

tr
if
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g

e 
at

 3
0

0
0
 r

p
m

 f
o

r 
4

5
 m

in
. 

10 250 

 

3.3.4.6. E2 assay procedure: 

The assay was arranged similarly to the previous E1 assay 

conditions with the use of appropriate E2-
3
H, E2 antibody 

dilutions (1:1500), E2 QC and E2 standard curve set points. All 

assay conditions are presented in Table (4). 
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Table (4):Serum E2  pipetting protocol 

 PBG NRS HFS QC SPLE STD DXM 
1

st 

AB 

E2- 
3
H 

ARGG  PBS  

HCL 

6N 
Hisafe 

              

TC - - - - - - - - 50 - - 10 250 

NSB-B 200 50 - - - -  - 50 100 500 10 250 

NSB-S 100 50 50 - - - 50 - 50 100 500 10 250 

B0-B 200 - - - - - - 50 50 100 500 10 250 

B0-S 100 - 50 - - - 50 50 50 100 500 10 250 

QC 100 -  50 - - 50 50 50 100 500 10 250 

STD 50 - 50 - - 50 50 50 50 100 500 10 250 

SPLE 100 - - - 50 - 50 50 50 100 

In
cu

b
at

e 
o

v
er

n
ig

h
t 

in
 c

o
ld

 r
o

o
m

 

500 

C
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5
 m
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. 

10 250 

3.4. Calculation of results:                                                                          

The binding percent of each analyte standard 

concentration was calculated relative to total binding net counts. 

The standard curves were plotted on logarithmic scale with conc. 

on X-axis and B/Bo% on Y-axis.  

Regression equation:  Y= a + bx. 

The serum estrogens concentration in each of unknown 

sample calculated from regression equation and then presented 

as ng/ ml serum or ng/gm for feces samples for data analysis. 

3.5. Statistical analysis:                                                                               

Data obtained from serum (ng/ml) and feces (ng/gm) 

assays were subjected to perform analysis of variance. Data were 

analyzed using the General Linear Models (GLM) procedure of 

SPSS software. 
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Correlation coefficient strength was classified according 

to Cohen (1988) guidelines, where:                                                                                                            

r = 0.10 to 0.29 or -0.10 to -0.29 (low). 

r =0 .30 to 0.49 or -0.30 to -0.49 (medium). 

r =0 .50 to 1.0 or -0.50 to -1.0 (high). 
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Fig. 5: Correlation between serum estradiol-17β (SE2) level (ng/ml) and fecal extracted estrone sulfate (FE1S) 

(ng/gm) during estrus cycle in ewes showing irregular cycle of silent heat.  
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Fig. 6: Correlation between serum estrone (SE1) level (ng/ml) and fecal extracted estrone sulfate (FE1S) 

(ng/gm) during estrus cycle in ewes showing irregular cycle of silent heat. 
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Fig.7: Correlation between serum estrone sulfate (SE1S) level (ng/ml) and fecal extracted estrone 

sulfate (FE1S) (ng/gm) during estrus cycle in ewes showing irregular cycle of silent heat. 
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Fig. 8: Correlation between serum estrdiol-17β (SE2) level (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) for experimental ewes conceived after one estrus cycle.  
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Fig. 9: Correlation between serum estrone (SE1) level (ng/ml) and fecal extracted estrone sulfate ( 

FE1S) (ng/gm) for experimental ewes conceived after one estrus cycle.  
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Fig.10: Correlation between serum estrone sulfate (SE1S) level (ng/ml) and fecal extracted estrone 

sulfate (FE1S) (ng/gm) for experimental ewes conceived after one estrus cycle.  
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Fig. 17: Correlation between serum estradiol-17β (SE2) level (ng/ml) and fecal extracted estrone sulfate(FE1S) 

(ng/gm) in experimental ewes during the 150 days of pregnancy period (N.B. Each 50 days are 

referred to as trimester). 
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Fig. 18: Correlation between serum estrone (SE1) level (ng/ml) and fecal extracted estrone sulfate (FE1S) 

(ng/gm) in experimental ewes during the 150 days of pregnancy period (N.B. Each 50 days are 

referred to as trimester).  
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Fig. 19: Correlation between serum estrone sulfate (SE1S) level (ng/ml) and fecal extracted estrone sulfate( 

FE1S) (ng/gm) in experimental ewes during the 150 days of pregnancy period (N.B. Each 50 days 

are referred to as trimester). 
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Fig. 20: Correlation between serum estradiol-17β (SE2) levels (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) in experimental ewes during the first 50 day(first trimester) of pregnancy period.  
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Fig. 21: Correlation between serum estrone (SE1) levels (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) in experimental ewes during the first 50 days (first trimester) of pregnancy 

period.  
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Fig. 22: Correlation between serum estrone sulfate (SE1S) levels (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) in experimental ewes during the first 50 days (first trimester) of pregnancy period.  
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Fig. 23: Correlation between serum estradiol-17β (SE2) levels (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) in experimental ewes during the second 50 days (second trimester) of 

pregnancy period. 
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Fig. 24: Correlation between serum estrone (SE1) levels (ng/ml) and fecal extracted estrone sulfate (FE1S) 

(ng/gm) in experimental ewes during the second 50 days (second trimester) of pregnancy period. 
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Fig. 25: Correlation between serum estrone sulfate (SE1S) levels (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) in experimental ewes during the second 50 days (second trimester) of pregnancy 

period. 

-106- 



Results and Discussion  



Results and Discussion  

Fig. 26: Correlation between serum estradiol-17β (SE2) levels (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) in experimental ewes during the third 50 days (third trimester) of pregnancy period. 
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Fig. 27: Correlation between serum estrone(S E1) levels (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) in experimental ewes during the third 50 days (third trimester)of pregnancy 

period.  
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Fig.28: Correlation between serum estrone sulfate (S E1S) levels (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) in experimental ewes during the third 50 days (third trimester)of pregnancy period. 
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Fig. 29: Correlation between serum estradiol-17β (SE2) levels (ng/ml) and fecal extracted estrone 

sulfate (FE1S) (ng/gm) in experimental ewes during the 60 days of postpartum period. 

-119- 



Results and Discussion  

Fig. 30: Correlation between serum estrone (SE1) levels (ng/ml) and fecal extracted estrone sulfate 

(FE1S) (ng/gm) in experimental ewes during the 60 days of postpartum period. 
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Fig. 31: Correlation between serum estrone sulfate (SE1S) levels (ng/ml) and fecal extracted estrone 

sulfate (FE1S) (ng/gm) in experimental ewes during the 60 days of postpartum period. 
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4. RESULTS AND DISCUSSIONS 

4.1. Estronesulfate radioimmunoassay validation: 

4.1.1. Cross-reaction: 

The cross-reactivity of structurally related steroids with 

E1S antibody used for RIA system is shown in Table (5).  The 

antibody shows extremely low cross-reactivity to unconjugated 

and conjugated steroids under investigation. Sulfated steroids such 

as estradiol mono and disulfate showed 0.139 and 0.16% cross-

reactivity, respectively. While 0.5% was for dehydoepiandrosterone 

sulfate (DHEAS). 

4.1.2. Sensitivity: 

Serum E1S radioimmunoassay sensitivity was estimated 

as the 50% displacement point on standard curve made in sheep 

hormone free serum (SHFS) matrix as presented in Fig.(1). The 

50% value was 34 pg/tube for E1S RIA in serum matrix, versus 

50pg/tube in buffer matrix. 

Another E1S standard curve was prepared in fecal female 

estrogen free blank (FFEFB) matrix to calculate sensitivity of fecal 

E1S RIA system. The 50% displacement was 34pg/tube, versus 

50pg/tube in buffer matrix, Fig.(2). 

4.1.3. Recovery: 

E1S RIA system recovery in sheep HFS and fecal extract 

is shown in Table (6). The amount recovered of E1S at the three 

different spiked levels (low, medium and high) was ranged 

between 98.8 %to 100%. 
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4.1.4. Establishment of E1S standard curves: 

Figure 3Show E1S standard curve made in sheep 

hormone free serum containing blocking agent ANS versus 

another curves prepared in buffer matrix and SHFS without 

ANS. While, Fig. 4 illustrate standard curve of E1S in male 

sheep fecal extract with another in buffer matrix.    

The in-house developed E1S RIA system is comparable to 

those developed earlier in terms of basic assay 

parameters.However, the published assay methods based on 

iodine-125 tracer is criticized for being an external label, i.e. having 

a foreign atom on the steroid molecule. Such external label makes 

the antibody affinity for the euthenics hormone more than the tracer 

and rending the standard curve less sensitive. 

Moreover, the iodine-125 tracer proved to be more 

expensive, local conditions in Egypt where frequent fresh 

shipments have to be imported from abroad. On the other hand, 

other investigators used conjugated immunegens at remote site in 

order to elicit more specific antiserum. This approach solved the 

problem concerning specificity but created another problem 

regarding sensitivity of assay. The RIA system used in this study 

(Elbannaet al., 2009) in addition of being specific and sensitive; 

is economic and suited to own local needs in Egypt and long-

termapplication.  
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Fig. 1: E1S standard curve in sheep HFS showing the 50% displacement point, the 

corresponding value for buffer matrix was 50pg/tube while for ANS 

blocked SHFS matrix was 34pg/tube.  
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Fig. 2: E1S standard curve in male sheep fecal extract showing the 50% 

displacement point, the corresponding value for buffer matrix was 

50pg/tube while for male sheep fecal extract matrix was 34pg/tube. 
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Fig. 3: Standard curves of E1S prepared in buffer, sheep HFS and sheep HFS with 

ANS blocking agent.  
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Fig. 4: Standard curves of E1S prepared in buffer and fecal female estrogen 

free blank matrix. 
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Table 5: Cross reaction of E1-3-S-17CMO:BSA antibody raised in 

rabbit (R#221)   pool. 

 

Table 6: Recovery of Estronesulfate in hormone free serum 

and fecal extract. 

Recovery % 

 

Spiked level 
Sheep hormone free 

serum matrix 

fecal female 

estrogen free blank 

matrix 

Low (50 pg/ml) 100.0 % 100.0 % 

Medium (100 pg/ml) 99.8 % 98.8 % 

High  (1000 pg/ml) 100.0 % 100.0 % 

 

Cross-reacting steroids %Cross-reaction 

Estrone-3-sulfate 100.00 

Estrone <0.0001 

Estradiol 17- β <0.0001 

Estriol <0.0001 

Estradiol monosulfate 0.139 

Estradiol disulfate 0.161 

Estriol monosulfate 0.004 

Estriol disulfate 0.002 

Dehydroepiandrosterone sulfate 0.5 

Testosterone <0.0001 

Progesterone <0.0001 
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4.2.   Estrogens and estrogen metabolites pattern during 

estrus cycle in: 

4.2.1. Ewes showing irregular cycle (silent heat) 

Data presented in Table 7showed average of serum 

estrdiol-17β, estrone and estrone sulfate as well as fecal estrone 

sulfate during estrus cycle for experimental ewes showing silent 

heat (irregular cycle). Analysis of variance for obtained data are 

listed in Table 8. Correlation values of serum estradiol-17β, estrone 

and estrone sulfate against fecal estrone sulfate are shown in Table 

9. Data are graphically presented in figures5, 6 and 7. 

Inspecting obtained data revealed that the highest average of 

serum estariod-17β was detected at the first day (0.0942 ng/ml) 

then decreased gradually to show its minimum averages (0.0213 

ng/ml) at the 18
th
 day of estimation period (Fig. 5).This lead to 

conclude that the levels of estradiol were too low to show the 

typical behavioral character of ewes in heat period. This is the main 

reason to believe that these ewes are characterized by silent heat. 

Serum estrone level showed irregular pattern throughout 

the period of estimation (Fig. 6). It showed two peaks at the 9
th

 

and 15
th

 day (Table 7). This indicates irregular biosynthesis that 

may be a result of insufficient surge of FSH that lower the 

growth and development of ovarian follicle and correspondingly 

minimize the rate of estrogens biosynthesis from the granulosa.   

Different pattern was detected in serum estrone sulfate it 

increased from the 1
st
 to 9

th
 day then decreased to the 18

th
 day of 

estimation.Fecal estrone sulfatealmost was similar to serum 

estrone sulfate which indicate abnormal metabolic process of 

estrogen in this case. 
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Insignificant correlation values were detected between 

serum estariod-17β, estrone and estrone sulfate against fecal 

estrone sulfate (Table 9). This may reflect disturbance in both 

estrogen biosynthesis and metabolism. 

In addition, no significant variation was found in all parameters 

estimated due to time of estimation (estrus days) (Table 8). 
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Table 7: Means ±SEfor fecal estrone sulfate content (ng/gm) 

and serum level of estrone sulfate, estradiol-17β, 

estrone (ng/ml) of experimental ewes showed 

irregular estrus cycle. 
 

Serum 
Irregular 

cycle days Estradiol-17β Estrone 
Estrone 

sulfate 

Fecal E1S 

0 0.0942 ± 0.0701 0.0057 ± 0.0011 0.0436 ± 0.0082 0.2466±  0.0915 

3 0.0309 ± 0.0116 0.0079 ± 0.0014 0.0588 ± 0.0169 0.2765 ± 0.1220 

6 0.0262 ± 0.0074 0.0061 ±  0.0015 0.0967 ± 0.0244 0.7479 ± 0.2604 

9 0.0287 ± 0.0041 0.0103 ±  0.0028 0.1086±  0.0503 0.3910±  0.1272 

12 0.0268 ± 0.0068 0.0091 ± 0.0024 0.0392 ± 0.0103 0.2370 ± 0.1680 

15 0.0226 ± 0.0048 0.0107 ±  0.0040 0.0427 ± 0.0103 0.2225 ± 0.0206 

18 0.0213 ± 0.0043 0.0098 ± 0.0036 0.0393 ± 0.0048 0.5087±  0.1237 
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Table 8: ANOVA of serum estradiol, estrone, estrone 3-sulfate 

and fecal estrone 3-sulfate for experimental ewes 

showed irregular estrus cycle. 

F-Value 

S.O.V d.f 

Estradiol-17β Estrone 
Estrone 

sulfate 
Fecal  E1S 

Estrus 

days 
6 0.842 0.641 1.243 1.611 

Error d.f 28 --- ---- --- --- 

Error M.S  0.00537 0.00001 0.00338 0.15202 

 
 

 

 

Table 9: Correlation between serum estradiol, estrone, estrone 

sulfate and fecal estrone sulfate for ewes showed 

irregular cycle.  

correlates r values 

Serum E1S  and  Fecal E1S 0.132 

Serum E2and  Fecal E1S 0.167 

Serum E1   and  Fecal E1S 0.047 
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4.2.2. Ewes conceived after one estrus cycle  

Average of serum levels of estradiol-17β, estrone and 

estrone sulfate as well as average of fecal estrone sulfate amount 

during estrus cycle for ewes conceived after one estrus cycle are 

presented in Tables 10 and 11. Analysis of variance for obtained 

data is shown in Table 12, correlation values of serum estradiol-

17β, estrone and estrone sulfate against fecal estrone sulfate are 

shown in Table 13. 

It is obviously clear that serum estradiol-17β level was 

gradually increased from 0.0150 ng/ml at the first day of estimation 

to reach its peak of 0.1374 ng/ml at the 15
th
 day then sharply 

decreased to reach an average amounted 0.0561ng/ml (Table 10 and 

Fig. 8). So, the day at which the peak of serum estradiol-17β was 

detected considered period of estrus which lasted from day 14
th
 to 

15
th
, after which metaestrus begins. Diestrus and proestrus are 

considered to be from 1
st
 to 9

th
 day and from 10

th
 to 13

th
 day, 

respectively (Table 11). 

Serum estrone and estrone sulfate levels showed 

approximately similar trends to fecal estrone sulfate (Fig. 9 and 

10). However, significant (P<0.1) positive correlation value (0.801) 

was found only between serum estrone sulfate and fecal estrone 

sulfate (Table13). This may lead to state that fecal estrone sulfate 

may be an indicator for regular estrus cycle. 

Analysis of variance (Table 12) revealed significant 

variation in serum estradiol-17β due to estrus phases. These 

results are in agreement with those obtained by Baird and 

McNeilly, (1981) who found that estrogen level in circulating 

blood had a recognized pattern throughout estrus cycle. This may 
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be attributed to the interplay between the ovarian and 

hypothalamic pituitary hormones, (Clarke et al., 1978). 

On the other hand, serum estradiol-17β results disagree 

with those of El-Sayed, (1988) and Kudari, (1992) who found 

no significant variation in plasma estrogen(E2-17β) due to estrus 

cycle stages in Ossimi ewes and this may be attributed to either 

the presence of acyclic ovum in a certain degree that maintains 

the plasma estrogen level in a relatively high magnitude or the 

overlap existed between the development of the successive 

ovarian follicle. 
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Table 10:  Means ±SE for fecal estrone sulfate content 

(ng/gm) and serum level of estrone sulfate, 

estradiol-17β, estrone (ng/ml) of experimental 

ewes conceived after one estrus cycle. 
 

Serum 

Days of estrus 

cycle Estradiol-17β Estrone 
Estrone 

sulfate 

Fecal E1S 

0 
0.0150 

±0.0053 

0.0109 

±0.0055 

0.0814 

±0.0311 

0.5988 

±0.1557 

3 
0.0593 

±0.0231 

0.0179 

±0.0036 

0.0698 

±0.0181 

0.5740 

±0.1060 

6 
0.0532 

±0.0225 

0.0250 

±0.0070 

0.1033 

±0.0536 

0.7006 

±0.1449 

9 
0.0374 

±0.0161 

0.0230 

±0.0066 

0.0758 

±0.0392 

0.6040 

±0.1601 

12 
0.0746 

±0.0211 

0.0213 

±0.0040 

0.0703 

±0.0214 

0.4502 

±0.0712 

15 
0.1374 

±0.0458 

0.0310 

±0.0099 

0.0925 

±0.0355 

0.7974 

±0.3541 

18 
0.0561 

±0.0196 

0.0221 

±0.0052 

0.0951±0.

0198 

0.8355 

±0.2388 
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Table 11: Means ±SE for fecal estrone sulfate content 

(ng/gm) and serum levels of estrone sulfate, 

estradiol-17β, estrone (ng/ml) at different stages 

of estrus cycle for experimental ewes conceived 

after one estrus cycle.
 

 

Serum Estrus cycle 

phases 

 Estradiol-17β Estrone Estrone sulfate 

Fecal E1S 

Diestrus 
0.0412 

±0.0150 

0.0210 

± 0.0030 

0.076  

 ±0.022 

0.5320   

± 0.090 

Proestrus 
0.0746 

±0.0211 

0.0213 

±0.0040 

0.0703 

±0.0214 

0.4502 

±0.0712 

   Estrus 
0.1374 

±0.0458 

0.0310 

±0.0099 

0.0925 

±0.0355 

0.7974 

±0.3541 

Metaestrus 
0.0561 

±0.0196 

0.0221 

±0.0052 

0.0951 

±0.0198 

0.8355 

±0.2388 
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Table (12): ANOVA of serum estradiol, estrone, estrone 3-sulfate 

and fecal estrone 3-sulfate for experimental ewes 

conceived after one estrus cycle. 

 

*significant at 0.05% 

E2-17βLSD 0.05% = 0.075 

0.10%= 0.062 

 

Table 13: Correlation between serum estradiol, estrone, estrone 

sulfate and fecal estrone sulfate for ewes conceived after 

one estrus cycle.  

correlates r values 

Serum E1S  and  Fecal E1S 0.801* 

Serum E2and   Fecal E1S 0.519 

Serum E1and   Fecal E1S 0.132 

*significant at P<0.1 

Estradiol-17β Estrone 
Estrone 

sulfate 
Fecal  E1S 

S.O.V 

d.f F-Value d.f F-Value d.f F-Value d.f F-Value 

Estrus 

phase 
3 3.512

*
 3 0.728 3 0.132 3 0.856 

Error d.f 30 --- 31 --- 31 --- 31 --- 

Error 

M.S 
 

0.004  0.00023  0.006  0.227 
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4.2.3. Ewes showed two successive estrus cycles and 

conceived after the second estrus. 

Ewes of regular estrus cycle are observed for two estrus 

and allowedto be mated after the second estrus. This may assure 

that these ewes were for regular estrus. Data obtained were 

presented every 3 days estimation for each separate estrus 

(Table 14)and as an average estimation for various estrus cycle 

stages(Table 15). Correlation values of serum estradiol-17β, 

estrone and estrone sulfate against fecal estrone sulfate were 

estimated in each estrus cycle (Table 16). Analysis of variance 

for obtained data is presented in Table 17. 

From results obtained, it is clearly evident that all 

estimation parameters (serum estradiol-17β, estrone, estrone 

sulfate as well as fecal estrone sulfate) had approximately similar 

variation pattern throughout the various stages of the two 

successive estrus cyclesi.e. serum estradiol-17β increased to 

along the various stages of the two estrus cycles to reach its 

highest value at the 12
th

 day. The peak of estradiol-17β denote to 

the time of heat period. This ensures the regularity of estrus 

throughout the breeding season which indicates optimum 

coordination throughout hypothalamic-hypophyseal-gonadal axis. 

It worth to mention that while the level of estrone is 

decreased during the period from 1
st
 to 9

th
 day of the second 

estrus cycle, fecal estrone sulfate increased (Figs. 14). This may 

be due to the fact that estrone converted to estrone sulfate 

which excreted via feces(Zhu and Conney, 1998 and 

Raftogianiset al., 2000). So it may explain why fecal estrone 

sulfate increased during this time of estrus cycle. Both serum 
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and fecal estrone sulfate had approximately similar trends 

throughout the first and second estrus cycle 

Duringthe first estrus cycle the correlations between fecal 

estrone sulfate and each of estrone and estrone sulfate were 

significant and of high value (higher than 0.81), Table 16. 

However, during the second estrus cycle significant correlation 

value were found between fecal estrone sulfate and both serum 

estradiol-17β and estrone and had value weighed 0.713 and 

0.743, respectively (Table 16). 

Analysis of variance (Table 17) revealed variation in 

serum estradiol-17β and estrone sulfate due to estrus phases. 

However, variation in serum estrone, estrone sulfate and fecal 

estrone sulfate was significant due to estrus frequency. 
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Table 14:  Means ±SE for fecal estrone sulfate content (ng/gm) 

and serum level of estrone sulfate, estradiol-17β, 

estrone (ng/ml) of experimental ewes showed two 

successive estrus cycles and conceived after the 

second estrus cycle.
 

Serum 
Days of first 

estrus cycle Estradiol-17β Estrone 
Estrone 

sulfate 

Fecal E1S 

0 0.0354 ±0.0131 0.0359 ±0.0139 0.0457 ±0.0139 0.4340 ±0.2618 

3 0.0398 ±0.0144 0.0355 ±0.0118 0.0489 ±0.0088 0.3165 ±0.1521 

6 0.0401 ±0.0110 0.0297 ±0.0056 0.0635 ±0.0150 0.2729 ±0.0934 

9 0.0581 ±0.0142 0.0457 ±0.0071 0.0593 ±0.0123 0.8996 ±0.3522 

12 0.1704 ±0.0898 0.0490 ±0.0117 0.0825 ±0.0251 0.6954 ±0.3408 

15 0.0476 ±0.0108 0.0296 ±0.0044 0.0864 ±0.0213 0.6196 ±0.2345 

 

Serum Days of 2nd 

consecutive 

estrus cycle 
Estradiol-17β Estrone Estrone sulfate 

Fecal E1S 

0 0.0330 ±0.0059 0.0358 ±0.0079 0.0902 ±0.0210 0.2361 ±0.0882 

3 0.0373 ±0.0073 0.0294 ±0.0020 0.0594 ±0.0107 0.4305 ±0.1202 

6 0.0670 ±0.0192 0.0298 ±0.0051 0.0629 ±0.0140 0.4054 ±0.1667 

9 0.0344 ±0.0051 0.0236 ±0.0031 0.0563 ±0.0108 0.2646 ±0.1053 

12 0.0922 ±0.0336 0.0316 ±0.0055 0.1345 ±0.0320 0.5906 ±0.2267 

15 0.0431 ±0.0081 0.0331 ±0.0044 0.1092 ±0.0307 0.4628 ±0.2085 
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Table 15: Means ±SE for fecal estrone sulfate content (ng/gm) and 

serum levels of estrone sulfate, estradiol-17β, estrone (ng/ml) 

at different stages of two successive estrus cycles for 

experimental ewes conceived after the second estrus cycle.
 

Serum Estrus 

cycle  

phases 

Estrus 

Freq. 
Estradiol-17β Estrone 

Estrone 

sulfate 

Fecal E1-S 

1 0.0379 ±0.0098 0.0337 ±0.0086 0.0527 ±0.0074 0.3411 ±0.0911 

Diestrus 

2 0.0458 ±0.0094 0.0317 ±0.0040 0.0708 ±0.0099 0.3439 ±0.1253 

1 0.0581 ±0.0142 0.0457 ±0.0071 0.0593 ±0.0123 0.8996 ±0.3522 

Proestrus 

2 0.0344 ±0.0051 0.0236 ±0.0031 0.0563 ±0.0108 0.2646 ±0.1053 

1 0.1704 ±0.0898 0.049 ±0.0117 0.0825 ±0.0251 0.6954 ±0.3408 

Estrus 

2 0.0922 ±0.0336 0.0316 ±0.0055 0.1345 ±0.0320 0.5906 ±0.2267 

1 0.0476 ±0.0108 0.0296 ±0.0044 0.0864 ±0.0213 0.6196 ±0.2345 

Metaestrus 

2 0.0431 ±0.0081 0.0331 ±0.0044 0.1092 ±0.0307 0.4628 ±0.2085 

 

Table 16: Correlation between serum estradiol, estrone, estrone 

sulfate and fecal estrone sulfate for ewes showed two 

successive estrus cycles and conceived after the second 

estrus cycle. 

Correlates 1
st
 estrus cycle 

2
nd

 consecutive 

estrus cycle 

Serum E1S  and  Fecal E1S 0.814* 0.544 

Serum E2   and   Fecal E1S 0.466 0.713* 

Serum E1   and   Fecal E1S 0.818** 0.743* 

*significant at P<0.05. 

** Significant at P<0.01. 
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Fig. 11:Correlation between serum estradiol-17β (SE2) level (ng/ml) and fecal 

extracted estrone sulfate(FE1S) (ng/gm) during first estrus cycle in 

ewes concieved after two consecutive estrus cycle. 

 

 

Fig. 12:Correlation between serum estradiol-17β (SE2) level (ng/ml) and fecal 

extracted estrone sulfate(FE1S) (ng/gm) during second estrus cycle in 

ewes concieved after two consecutive estrus cycle. 
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Fig. 13:Correlation between serum estrone (SE1) level (ng/ml) and fecal extracted 

estrone sulfate(FE1S) (ng/gm) during first estrus cycle in ewes 

concieved after two consecutive estrus cycle. 

 

 

Fig. 14:Correlation between serum estrone (SE1) level (ng/ml) and fecal extracted 

estrone sulfate(FE1S) (ng/gm) during second estrus cycle in ewes 

concieved after two consecutive estrus cycle. 
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Fig. 15:Correlation between serum estrone sulfate (SE1S) level (ng/ml) and fecal 

extracted estrone sulfate(FE1S) (ng/gm) during first estrus cycle in ewes 

concieved after two consecutive estrus cycle. 

 

 

Fig. 16:Correlation between serum estrone sulfate (SE1S) level (ng/ml) and fecal 

extracted estrone sulfate(FE1S) (ng/gm) during second estrus cycle in 

ewes concieved after two consecutive estrus cycle. 
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4.3. Estrogens and estrogen metabolites pattern during 

pregnancy 

4.3.1. During the whole pregnancy period  

Data presented in Table18show averages of fecal estrone 

sulfate content (ng/gm) and serum estradiol-17β, estrone and estrone 

sulfate (ng/ml) of experimental ewes throughout the 150 days of 

pregnancy. Pregnancy period was divided into three stages each of 50 

days that referred to as first, second and third trimester. 

It was clearly observed that the level of estradiol-17β increased 

as time of pregnancy passed. The rate of increase was low during the 

first 90 days of pregnancy period reaching a value of 0.0842ng/ml at the 

end of the second trimester,during the late pregnancy there was sharp 

steady increase until the 140
th
 day of the pregnancy period then 

increased up to the 150
th
 day reaching a value of 0.5075 ng/ml at the 

end of pregnancy period which was higher than the level estimated 

during the first trimester (0.0561 ng/ml) (Table 18 and Fig 17). 

The obtained results goes  in agreement with those obtained 

by El-Sayed, (1988);Kudari, (1992)and El-Sayed and Abdel-

Ghaffar, (1998) who stated that plasma estrogen level increased as 

time of pregnancy passed reaching its maximum value between the 

145
th
 the 150

th
day of pregnancy. The grater rate of increase occurred 

during the last 60 days of pregnancy period. These results may 

support the suggestion that estrogen level must increase during the 

second and third trimester of pregnancy to increase the sensitivity of 

the uterus of the pregnant ewes to the autonomic nervous system 

stimulation resulted from various neuro-hormonal action and thus 

facilitates the parturition.  
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In the sheep, activation of the fetal hypothalamic-pituitary-

adrenal axis is essential for parturition. The trigger for the spontaneous 

onset of the labor is increased cortisol production by fetal adrenal 

gland. Cortisol acts by inducing P450c17 enzymes (17α-hydroxylase 

and C17-20lyase activities) in the sheep placenta that catalyze the 

formation of androgens from progesterone. Androgens are rapidly 

converted to estrogens by the placental P450aromatasesystem. As a 

consequence of these changes there is an endocrine imbalance with a 

fall in maternal P4 levels and a concomitant increase in placental 

estrogen output. The rise in the estrogen/ progesterone ratio in plasma 

and locally (within uterine tissues) allows increased uterine 

contractility which initiates labor and fetus delivery, (Anderson et al., 

1975andLiggins, 2000). 

Serum estrone level increased as time of pregnancy passed. 

The rate of increase was relatively higher during the late pregnancy 

period to reach its maximum level near the 120
th
 day of pregnancy 

then sharply decreased up to the end of pregnancy period to reach an 

average of 0.0871 ng/ml at the end of the third trimester with tendency 

to increase from the140-150 day of pregnancy, (Fig.18). 

Similar trend of change was observed in estrone sulfate level, 

i.e. it increased as time of pregnancy passed to reach a value of 2.4648 

ng/ml during the third trimester (Table 18). The highest level of 

serum estrone sulfate was found at approximately the 130
th
 day of 

pregnancy period (Fig.19). 

Similar variation pattern was observed in fecal estrone sulfate 

content. It increased steadily towards the second trimester to reach an 

average of 0.6403 ng/gm, and then it increased sharply up to the 120
th
 

day then it decreased sharply to the 140
th
 day then with lower rate 
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during the last 10 days of the pregnancy period (from 140-150day) to 

reach value of 1.4120 ng/gm at the end of pregnancy period. 

The previously mentioned results go in harmony with the 

scientific facts related to the various metabolic pathways of estrogens. It 

is well known that estrone is an estrogenic hormone secreted by the 

ovary as well as adipose tissue as stated by the National Center for 

Biotechnology Information(http://www.ncbi.nlm.nih.gov). It is one 

of several natural estrogen formed by converting estradiol-17β 

which is a reversible reaction. And estrone sulfate, 16 alfa 

hydroyesterone and 2 methoxyestrone are the metabolic 

derivatives of estrone. However, estrone sulfate is considered the 

main metabolic derivative excreted in the feces during pregnancy. 

In addition, estrone is relevant to health and diseases states 

because of its conversion to estrone sulfate, a long-lived 

derivative. Estrone sulfate acts as a reservoir that can be converted 

as needed to more active estradiol-17β. (Raju et al., 1990). 

On the other hand, inspecting the hormonal pattern of 

estrogens and their metabolites indicate that there is an increase in the 

levels of both estradiol-17β and estrone throughout the pregnancy 

period. However, the rate of increase was relatively high in estradiol-

17β than estrone. This may indicate that the rate of converting estrone 

to estradiol-17β is higher than the rate of biosynthesize estrone from 

estradiol-17β and/or the rate of converting estrone to its metabolite 

estrone sulfate is higher during pregnancy which resulted in increasing 

the serum level of estrone sulfate and fecal estrone sulfate. According 

to the previously results, it could be considered that estrogenic 

metabolites estrone sulfate could be applied for assessment of 

reproductive activity during pregnancy period. 



Results and Discussion 
 

-90- 

Table 18: Means ±SE for fecal estrone sulfate content 

(ng/gm) and serum levels of estradiol-17β, estrone 

and estrone sulfate (ng/ml) of experimental ewes 

during pregnancy trimesters. 

 

Serum 
Pregnancy 

trimesters Estradiol-17β Estrone 
Estrone 

sulfate 

Fecal 

E1S 

First 

trimester 
0.0561±0.0034 

0.0269 

±0.0015 

0.1309 

±0.0315 

0.4056 

±0.020 

Second 

trimester 
0.0842±0.0213 

0.0313± 

0.0031 

0.3442 

±0.0839 

0.6403 

±0.0417 

Third 

trimester 

0.5075 

±0.1045 

0.0871 

±0.0105 

2.4648 

±0.3477 

1.4120 

±0.2202 

 

E2-17β LSD 0.05 = 0.1521  E1 LSD 0.05= 0.0255 

0.01= 0.2033  0.01= 0.0341 

 

E1S LSD 0.05 = 0.4825                  FE1S LSD0.05= 0.7055 

0.01= 0.6452 0.01= 0.9432 
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4.3.2. During the first trimester: 

Averages of serum estradiol-17β, estrone and estrone 

sulfate levels as well as fecal estrone sulfate amount in 

experimental ewes during the first 50 days (trimester) of 

pregnancy period are listed in Table 20and illustrated in figures 

20, 21 and 22. 

Results obtained revealed that average of serum estradiol-

17β level fluctuated between 0.0483 ng/ml at the 40
th

 day of 

pregnancy period to 0.066 ng/ml at the 30
th

 day without no 

distinguished pattern (Table 20 and Fig.20). However, the 

higher average of serum estrone was detected at the 50
th

 days of 

pregnancy period (0.0296 ng/ml) while the lowest average was 

found in pregnant ewes at the 40
th

 day of pregnancy (Table 20 

and Fig. 21). Serum estrone level average mounted 0.0277 

ng/ml after 10 days of pregnancy, increased to 0.0286  ng/ml at 

the 20
th 

day then decreased to 0.0212 ng/ml at the 40
th

 day then 

started to increase during the last 10 days of the first trimester to 

reach its higher average at the 50
th

 day. 

On the other hand, average of serum estrone sulfate level 

increased from 0.0976ng/ml after 10 days of pregnancy to 

0.1191 ng/ml at the second 10days then decreased gradually 

towards the end of the first trimester (50
th

 days) to reach its 

lowest level mounted 0.0889ng/ml. at the 40
th

 day then increased 

sharply up to the end of the trimester, (Fig. 22). These results are 

in agreement with those of Hirakoet al., (2002)who found that 

estrone sulfate increased around day 50 during first trimester of 

cow gestation,while estrone and estradiol-17β remained at basal 

levels until the 80
th

 day.  
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Fecal estrone sulfate increased sharply from the beginning 

of pregnancy period up the 30
th

 day reaching an amount 

averaged 0.4434ng/gm then decreases to 0.3142 ng/gm at the 

40
th

 day. Sharp increase was then found during the last 10 days 

of the first trimester period averaging 0.5295 ng/gm at the 50
th

 

day of pregnancy (Table 20 and Fig.22). 

The pattern showed in estrogens estimated and their 

metabolites in serum and feces indicate that estradiol-17β started 

to be converted to estrone and metabolized to estrone sulfate that 

is secreted into feces as pregnancy started with no characteristic 

trend throughout the first trimester period. 

In addition, the amount of estrogen sulfate released by the 

endometrium is dependent on availability of sulfotransferase and 

sulfatase in the endometrium. During early pregnancy, 

sulfotransferase activity in the endometrium of the ewe seems to 

be maintained at low level until the 16
th

 day in both the pregnant 

and non-pregnant ewes. In pregnant ewes, the enzymatic activity 

increases gradually after the 20
th

 day. While sulfatase activity in 

the pregnant and non-pregnant ewes increases until the 16
th

 day, 

then seems to be declined thereafter, (Dwyer and Robertson, 

1980).In addition,the same author reported that there was 

noticeable endometrial hydrolytic activity in early pregnancy while 

the increase in sulfating activity occurred after the 20
th
 day is 

attributed to the increased enzyme activity by endometrium. 

On the other hand Tsang, (1974) and Carnegie and 

Robertson, (1978) stated that before day 16 of pregnancy there 

is a low sulfotransferase activity and high sulfatase activity, thus 

very low level of estrone sulfate can be detected in the uterine 
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plasma, although this may be associated with low levels of 

estrogen synthesis at this time. They added  that the activities of 

estrogen sulfotransferase and sulfatase in the endometrium may 

plays a role in determining the concentrations of unconjugated 

and sulfoconjugated estrogens present in the maternal, and 

possibly to lesser extent in the fetal, fluids during pregnancy. 

Estimating the correlation values of serum estradiol-17β , 

estrone and estrone sulfate with fecal estrone sulfate revealed 

highly significant positive value (0.82) between fecal and serum 

estrone sulfate (P<0.01). On the other hand, significant positive 

correlation value (0.42) was found between fecal estrone sulfate 

and serum estradiol-17β (P<0.1).However, insignificant 

correlation detected between serum estrone and fecal estrone 

sulfate values (Table 21). This is quite true since estrone sulfate 

is secreted in response to the rate by which serum estrone sulfate 

is formed. Correspondingly, estrone sulfate formation is 

quietlydependent on the rate of converting estradiol-17β to 

estrone by means of metabolic pathway (Table 20). 
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Table 20: Means ±SE for fecal estrone sulfate content (ng/gm) 

and serum levels of estradiol-17β, estrone and estrone 

sulfate (ng/ml) of experimental ewes during first 

trimester of pregnancy. 

Serum 
Days of 

pregnancy Estradiol-17β Estrone 
Estrone 

sulfate 

Fecal E1S 

10 
0.0601 

±0.0179 

0.0277 

±0.0052 

0.0976 

±0.0209 

0.3088 

±0.0604 

20 
0.0495 ± 

0.0111 

0.0286 

±0.0056 

0.1191 

±0.0367 

0.4322 

±0.0721 

30 
0.0666 ± 

0.0190 

0.0277 

±0.0038 

0.0935 

±0.0170 

0.4434 

±0.1011 

40 
0.0483± 

0.0101 

0.0212 

±0.0028 

0.0889 

±0.0121 

0.3142 

±0.0540 

50 
0.0559 ± 

0.0208 

0.0296 

±0.0102 

0.2554 

±0.1274 

0.5295 

±0.1375 

Trimester 

average 
0.0561±0.0034 

0.0269 

±0.0015 

0.1309 

±0.0315 

0.4056 

±0.020 
 

Table 21: Correlation between of serum estradiol, estrone, 

estrone sulfate and fecal estrone sulfate during 

first trimester of pregnancy. 

Correlates r values 

Serum E1S and  Fecal E1S  0.82** 

Serum E2   and  Fecal E1S 0.42* 

Serum E1and   Fecal E1S 0.36 

*Correlation is significant at the 0.1 level. 

** Correlation is significant at the 0.01 level. 
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4.3.3. During the second trimester: 

Averages of serum estradiol-17β, estrone and estrone 

sulfate, also the amount of fecal estrone sulfate during the 

second 50 days of pregnancy period (from day 50 to day 100) are 

tabulated in Table 22 and illustrated graphically in Figs. 26, 27 

and 28, respectively. 

Data obtained showed that average of serum estradiol-17β 

level decreased as time of second trimester passed to reach its 

minimum value (0.0560 ng/ml) at the 80
th

 day from pregnancy 

period then increased steadily to reach its maximum value at the 

100
th

 day (0.1684 ng/ml) (Table 22 and Fig. 26). Similar trend 

of variation with slight difference was observed in the level of 

serum estrone along the second trimester. It decreased during the 

first 10 day to reach value 0f 0.0257 ng/ml at this period then 

slightly increased to 0.0310 ng/ml at the 80
th

 day and restart to 

increase to reach its maximum level of 0.0431 ng/ml at the 100
th

 

day. (Table 22 and Fig. 27). 

Similar trend of change was found in serum estrone 

sulfate level. It also decreased during the period from 60 to 70
th

 

day reaching a value of 0.1886 ng/ml then gradually increased 

towards the end of the second trimester to reach its high level of 

(0.6548 ng/ml) at the 100
th

 day. (Table 22 and Fig. 28). 

Fecal estrone sulfate amount decreased from 0.7117 

ng/gm at 60
th

 day of pregnancy period to 0.5277 ng/gm at the 

70th day then gradually increased towards the 100th day to reach 

an average weight 0.7530 ng/gm at this time. 

The previously mentioned results are scientifically logic 

with the well known facts that states an increase in the level of 
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estradiol-17β as time of pregnancy passed. Estrone is formed by 

the conversion of estradiol-17β. In addition, estrone is 

synthesized via aromatase from androstendione, a derivative of 

progesterone the conversion consists of de-methylation of C-19 

and aromaticity of the A ring. This reaction is similar to the 

conversion of testosterone to estradiol. 

Testing the correlation values of serum estradiol-17β, 

estrone and estrone sulfate against fecal estrone sulfate in 

experimental ewes (Table 23), reveals highly significant 

correlation (P<0.01) between fecal estrone sulfate and each of 

serum estrone sulfate (0.82) and serum estradiol-17β(0.78). 

While, the correlation between fecal estrone sulfate and serum 

estrone (0.68) was of significant (P<0.05) (Table 23). This leads 

to conclude the possibility to apply fecal estrogenic metabolites 

estimation for assessment of reproductive activity.  
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Table 22: Means ±SE for fecal estrone sulfate content (ng/gm) 

and serum levels of estradiol-17β, estrone and estrone 

sulfate (ng/ml) of experimental ewes during second 

trimester of pregnancy. 

serum 
Days of 

pregnancy Estradiol-17β Estrone 
Estrone 

sulfate 

Fecal E1S 

60 
0.0688 

±0.0128 

0.0282 

±0.0065 

0.2790 

±0.2682 

0.7117 

±0.2632 

70 
0.0566± 

0.0143 

0.0257 

±0.0046 

0.1886 

±0.0296 

0.5277 

±0.1413 

80 
0.0560 

±0.0134 

0.0310 

±0.0049 

0.2221 

±0.0607 

0.5749 

±0.1300 

90 
0.0714 

±0.0142 

0.0287 

±0.0043 

0.3768 

±0.0803 

0.6340 

±0.2051 

100 
0.1684  

±.0585 

0.0431 

±0.0084 

0.6548 

±0.1131 

0.7530 

±0.2745 

Trimester 

average 
0.0842±0.0213 

0.0313 

±0.0031 

0.3442 

±0.0839 

0.6403 

±0.0417 

 

Table 23:Correlation between of serum estradiol, estrone, 

estrone sulfate and fecal estrone sulfate during 

second trimester of pregnancy. 

Correlates r values 

Serum E1S and  Fecal E1S 0.82** 

Serum E2   and  Fecal E1S 0.78** 

Serum E1and   Fecal E1S 0.68* 

*Correlation is significant at the 0.05 level. 

** Correlation is significant at the 0.01 level 
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4.3.4. During the third trimester: 

Data presented in Table 24 and illustrated by Figs. 26, 27 

and 28 present serum levels of estradiol-17β, estrone and estrone 

sulfate (ng/ml) as well as fecal estrone sulfate content (ng/gm) in 

experimental ewes during the third trimester (from day 100 

today 150). 

It could be stated that serum estradiol-17β level increased 

gradually throughout the third trimester from 0.2119 ng/ml at the 

110
th

 day to 0.7308 ng/ml at the 150
th

 day of pregnancy period 

(Table 24 and Fig 26). This increase is considered to be 

necessary for initiation of parturition. Since estradiol-17β 

increase the sensitivity of myometrium to oxytocin to facilitate 

the labor. 

However, serum estrone level showed no characteristic 

trend throughout the third trimester period. It increased during 

the period from 110
th

 day to 120
th

 day then decreased during the 

120
th

day to 140
th

 day then increased up to the 150
th

 day (Table 

24 and Fig. 27). 

On the other hand, serum estrone sulfate level increased 

up to the 130
th

day then decreased towards the end of pregnancy 

period (Table 24 and Fig. 28).  

Finally, fecal estrone sulfate showed approximately the 

same variation trend as that ofserum estrone sulfate with slight 

difference. It increased during the period from day 110
th

 then 

decreased thereafter to reach its minimum level at the end of 

pregnancy period (0.8740 ng/gm). 
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Fecal estrone sulfate results of the present study are in 

consistent with those reported byCapezzutoet al., (2008) who 

found that fecal estrogen metabolite concentrations in goats 

increased up to the last week before parturition then decreased 

abruptly during the week of parturition.  

In contradiction to the present study results 

ofSchoeneckeret al., (2004) found that mean fecal concentrations 

of estrone conjugates (E1C) are of little value for predicting 

ordiagnosing pregnancy in bighorn sheep. The failure of E1C to 

diagnose the pregnancy might be due to the high cross-reactivity of 

the steroid metabolites with the antibody used in the 

aforementioned study which may explain this discrepancy 

(Shideleret al., 1991).But, the antibody used in the present work, 

which have a minimum cross-reactivity with examined 

unconjugated and sulfoconjugated steroids, expectedly give rise to 

more precise and accurate measurements (Elbannaet al., 2009). 

Highly significant positive correlation value (0.94) was 

found between serum estrone and fecal estrone sulfate (P<0.01). 

And significant positive correlation value (0.65) was found 

between serum and fecal estrone sulfate (P<0.05). However, 

insignificant low correlation value 0.21 was found between 

estradiol-17β and fecal estrone sulfate(Table 25). The high 

positive correlation value found between serum estrone and fecal 

estrone sulfate may useful for assessment of reproductive 

efficiency.  
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Table 24: Means ±SE for fecal estrone sulfate content (ng/gm) 

and serum levels of estradiol-17β, estrone and estrone 

sulfate (ng/ml) of experimental ewes during third 

trimester of pregnancy. 

Serum 
Days of 

pregnancy Estradiol-17β Estrone 
Estrone 

sulfate 

Fecal E1S 

110 
0.2119 

±0.0422 

0.0605 

±0.0123 

1.4410 

±0.2752 

1.4771 

±0.4398 

120 
0.3157 

±0.0674 

0.1237 

±0.0451 

2.4292 

±0.4036 

2.1241 

±0.8076 

130 
0.5709 

±0.1498 

0.0825 

±0.0166 

3.3098 

±0.4944 

1.5576 

±0.4828 

140 
0.7082 

±0.1632 

0.0766 

±0.0161 

3.1341 

±0.3638 

1.0272 

±0.2195 

150 
0.7308 

±0.1620 

0.0920 

±0.0147 

2.0100 

±0.1988 

0.8740 

±0.3070 

Trimester 

average 

0.5075 

±0.1045 

0.0871 

±0.0105 

2.4648 

±0.3477 

1.4120 

±0.2202 
 

Table 25: Correlation between of serum estradiol, estrone, 

estrone sulfate and fecal estrone sulfate during 

third trimester of pregnancy. 

 

Correlates 

r values 

Serum E1S  and  Fecal E1S 0.65* 

Serum E2    and   Fecal E1S 0.21 

Serum E1    and   Fecal E1S 0.94** 

*Correlation is significant at the 0.05 level. 

** Correlation is significant at the 0.01 level. 
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4.4. Estrogens and estrogen metabolites pattern during 

60 days postpartum period. 

Data presented in Table 26 show the averages of serum 

estradiol-17β, estrone and estrone sulfate as well as the average 

amount of fecal estrone sulfate during two months (60 days) 

postpartum period. The data are illustrated in Figs. 29, 30 and 

31. It worth to mention that this data were every 10 days along 

60 days postpartum period. Then data was averaged every month 

(30day). 

4.4.1.Estimation during the first 30 days: 

It was obviously clear that all parameters estimated 

(serum estradiol-17β, estrone, estrone sulfate and fecal estrone 

sulfate) decreased during the first month (30 days) reaching their 

minimum values at the 30
th

 day after parturition. However, the 

rate of decrement differs due to parameter estimated. The higher rate 

of decrease was observed in serum estrone sulfate and fecal estrone 

sulfate. Serum estrone decreased by 0.1895 ng/ml during this period 

while fecal estrone sulfate decreased by 0.3258 ng/gm during the 

same period. 

On the other hand, the minimum rate of decrease was 

observed in serum estrone level (0.0123 ng/ml) followed by 

serum estradiol-17β level (0.0809 ng/ml), Table (26) and Figs. 

29, 30 and 31, respectively. Analysis of variance revealed no 

significant variation due to either time of estimation for all 

parameters estimated except serum estrone sulfate which showed 

significant (P<0.01) variation (ANOVA Tables 27, 28 and 29). 

This may lead to conclude that the first 30 days postpartum period 

could be considered as anestrus stage. 
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These results are in agreement with those obtained by 

Wettmann, (1980)reported that plasma estrogen concentrations 

decrease rapidly during the day after parturition and remain low 

until follicular growth occurs. Since the placenta is the major 

source of estrogens during late pregnancy, it should be 

expectedthat urinary and plasma estrogens would decrease 

during the first days after parturition. 

Serum estradiol results go in agreement with those 

obtained by El-Sayed and Abdel-Ghaffar, (1998) who found 

that the minimum level of estradiol-17β in local sheep breeds 

occurred in anestrus ewes. This drop in estradiol level may have 

been due to the ovaries of these females being smooth dormant 

with absence of mature follicles or corpora lutea and has only 

small atretic follicles (Elias, 1991). 

Obtained results concerning serum E1S levels are in 

agreement with those of Riveroset al., (2009) who pronounce 

decrease in plasma estrone sulfate during the last 2 days of gestation, 

reaching basal values at the first day postpartum and remained basal 

during the first week of the postpartum time. Free estrone followed a 

similar pattern as with estrone sulfate. Nevertheless, the 

aforementioned author work was conducted in llama. 

4.4.2. Estimation during the second 30 days: 

During the second 30 days postpartum period an increase 

in all parameters estimated (serum levels of estradiol-17β, 

estrone and estrone sulfate as well as fecal estrone sulfate 

amount) was observed. However, the rate of increase differed 

according to parameter estimated. The high rate of increase was 

observed in fecal estrone sulfate (increased by 0.1325 ng/gm) 
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followed by serum estradiol-17β (increased by 0.0346 ng/ml), 

Table(26). It was concluded that the great clearance of estrone 

sulfate via feces occurring during the second 30 days 

postpartum. Similarly, this period is characterized by the minimal 

estrone biosynthesis rate and increased rate of estradiol-17β 

denote to start of proestrus of the first estrus cycle after parturition 

(Table 26). 

Inspecting the correlation coefficient value between 

estimated parameters during both first and second 30 days 

postpartum period (Tables 30 and 31), it was clearly evident 

that correlation between fecal estrone sulfate and either serum 

estrone sulfate or estradiol-17β was positive and highly 

significant value (P<0.01) and weighed higher value than 0.80. 

This was quite true when estimated during either first or second 

30days after parturition. In addition, correlation between serum 

estrone level and fecal estrone sulfate amount was found to be 

significant (P<0.1) and weighed value slightly higher than 0.60. 

Accordingly fecal estrone sulfate is a good indicator for 

hormonal pattern after parturition. In addition, it gives good 

indication about the start of the first estrus cycle after parturition. 
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Table 26: Means ±SE for fecal estrone sulfate content (ng/gm) 

and serum levels of estradiol-17β, estrone and estrone 

sulfate (ng/ml) of experimental ewes throughout 60 

days of postpartum period. 

serum 
Days of 

postpartum Estradiol-17β Estrone 
Estrone 

sulfate 

Fecal E1-S 

10 
0.1354 

±0.0480 

0.0581 

±0.0152 

0.2313 

±0.0936 

0.6934 

±0.2206 

20 
0.1085 

±0.0290 

0.0489 

±0.0169 

0.0673 

±0.0173 

0.6402 

±0.1475 

30 
0.0545 

±0.0155 

0.0458 

±0.0127 

0.0418 

±0.0065 

0.3676 

±0.0992 

Average of 

first month 

0.0995 

±0.0238 

0.0509 

±0.0037 

0.1135 

±0.0594 

0.5671 

±0.1008 

40 
0.0638 

±0.0223 

0.0329 

±0.0064 

0.0553 

±0.0118 

0.6146 

±0.1619 

50 
0.1314 

±0.0437 

0.0443 

±0.0072 

0.1424 

±0.0554 

0.7323 

±0.2735 

60 
0.1154 

±0.0407 

0.0397 

±0.0112 

0.0899 

±0.0303 

0.7471 

±0.2941 

Average of 

second 

month 

0.1035 

±0.0204 

0.0390 

±0.0033 

0.0959 

±0.0253 

0.6980 

±0.0419 
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Table 27: ANOVA of estrogenic hormones throughout the 

first 30 days postpartum period. 

*significant at 0.05% 

Serum E1SLSD 0.05%= 0.107 

0.1% = 0.089 

 

Table 28: ANOVA of estrogenic hormones throughout the 

second 30 days postpartum period. 

Table 29: ANOVA of estrogenic hormones throughout the 60 

days postpartum period. 

F-Value 
S.O.V d.f 

Estradiol-17β Estrone Estrone sulfate Fecal  E1S 

P.P days 2 1.289 0.168 2.873
*
 0.895 

Error d.f 37 --- ---- --- --- 

Error M.S  0.0208 0.0042 0.0582 0.4123 

F-Value 
S.O.V d.f 

Estradiol-17β Estrone Estrone sulfate Fecal  E1S 

P.P days 2 0.963 0.497 1.405 0.087 

Error d.f 26 --- ---- --- --- 

Error M.S  0.0129 0.0007 0.0137 0.5890 

F-Value 
S.O.V d.f 

Estradiol-17β Estrone Estrone sulfate Fecal  E1S 

P.P month 1 0.008 1.941 0.274 0.469 

P.P days 2 0.494 0.074 1.513 0.278 

Error d.f 65 --- --- --- --- 

Error M.S  0.0179 0.0072 0.0424 0.4793 
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Table 30: Correlation between of serum estradiol, estrone, 

estrone sulfate and fecal estrone sulfate during 30 

days postpartum. 

Correlates r values 

Serum E1S and  Fecal E1S 0.828** 

Serum E2   and  Fecal E1S 0.829** 

Serum E1and   Fecal E1S 0.665* 

*Correlation is significant at the 0.05 level. 

** Correlation is significant at the 0.01 level. 

 

 

Table 31: Correlation between serum estradiol, estrone, 

estrone sulfate and fecal estrone sulfate during 

Second 30 days postpartum. 

Correlates r values 

Serum E1S and  Fecal E1S 0.896** 

Serum E2   and  Fecal E1S 0.835** 

Serum E1and   Fecal E1S 0.625* 

*Correlation is significant at the 0.1 level. 

** Correlation is significant at the 0.01 level. 
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5.  CONCLUSION 

 

Results obtained denote the applicability of fecal 

estrogenic metabolites (E1S) estimation for monitoring 

reproductive status in sheep as a non-invasive, easy and safe 

method. 

They also indicate that fecal estrogenic metabolites could be 

used for detecting the coordination existing in the hypothalamic-

hypophyseal-gonadal axis.  
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6. SUMMARY 

 

The present study was carried out at the sheep 

experimental farm belonging to Animal Nutrition Unit, 

Department of Applied Radiobiology, Nuclear Research Center, 

Egyptian Atomic Energy Authority. Inshas, Sharkia Governorate. 

Hormonal radioimmunological assay of serum estradiol 

(E2), estrone (E1), estrone sulphate (E1S) and estrone sulphate 

(E1S) in fecal samples was performed in the laboratories of the 

Endocrinology Research Unit, Applied Radiobiology 

Department, Applied Radioisotope Division, Nuclear Research 

Center, Atomic Energy Authority. 

It was aimed to point out the ovarian estrogens (E1, E2) and 

estrogen metabolite (E1S) in both serum and fecal samples, as 

indicator for reproductive activity in hybrid ewes (Ossimi x Rahmani 

x Barki, with equal genetic proportion), during estrus cycle, 

pregnancy and post-partum periods.  

A total number of 62 ewes were randomly selected according to 

reproductive farm records and subjected to the study.  

Estradiol-17β, Estrone and Estrone sulfate were estimated in 

blood serum. Estrogen sulfate was estimated in fecal samples, 

estimations were carried out in the various stages of estrus cycle, 

pregnancy (every 10 days up to the time of parturition) and Postpartum 

(every 10 days up to 60 days). 

Fecal samples were collected 24 hours after blood collection to 

reflect the level of serum estrogenic hormones levels in blood circulation.  

 Results obtained could be summarized as follows:  
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1- Estrogens and estrogen metabolites pattern during 

estrus cycle.  

• In ewes showing irregular cycle (silent heat)  

 Serum level of estradiol-17β was too low to show the 

typical behavioral character of ewes during heat period. This is 

the main reason to believe that these ewes are characterized by 

silent heat. 

Serum estrone level showed irregular pattern of variation 

throughout the period of estimation. 

The same pattern of variation was detected in serum 

estrone sulfate and fecal estrone sulfate, which indicate abnormal 

metabolic process of estrogen in this case. 

• In ewes conceived after one estrus cycle  

Serum estradiol-17β level was gradually increased from 

the first day of estimation to reach its peak at the 15
th
 day then 

sharply decrease towards the end of estrous cycle. 

 Serum estrone and estrone sulfate levels showed 

approximately similar variation pattern as fecal estrone sulfate. 

This may lead to state that fecal estrone sulfate may be an 

indicator for regular estrus cycle. 

• Ewes showed two successive estrus cycles and conceived 

after the second estrus. 

From the obtained results, it is clearly evident that 

all estimated parameters (serum estradiol-17β, estrone, 

estrone sulfate as well as fecal estrone sulfate) had 

approximately similar variation pattern throughout the 

various stages of the two successive estrus cycles. This 
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ensures the regularity of estrus throughout the breeding 

season which is resulted from the optimum coordination 

throughout hypothalamic-hypophyseal-gonadal axis. 

2-  Estrogens and estrogen metabolites pattern during 

pregnancy 

• During the whole pregnancy period  

Levels of estradiol-17β and estrone increased as time of 

pregnancy pass. The rate of increase was relatively higher during 

the late pregnancy period to reach its maximum level near the 

120
th
 day of pregnancy then sharply decreased up to the end of 

pregnancy period. 

The same trend of change was observed in estrone 

sulfate level, however, the highest level of estrone sulfate was 

found at approximately the 130
th
 day of pregnancy period. 

Similar trend was observed in fecal estrone sulfate 

content. It increased steadily towards the second trimester and 

then increased sharply up to the 120
th
 day after which decreased 

sharply until the 140
th
 day then with lower rate during the last 10 

days of the pregnancy period. 

• During the first trimester 

 Results obtained revealed that average of serum 

estradiol-17β level was fluctuated without distinguished 

pattern. 

 The peak value of serum estrone was detected at the 

50th days of pregnancy period, while the lowest average was 

found in pregnant ewes at the 40
th
 day of pregnancy. 
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 On the other hand, average of serum estrone sulfate 

level increased during the first 10 days of pregnancy then 

decreased gradually towards the end of the first trimester.  

 Fecal estrone sulfate increased sharply from the 

beginning of pregnancy period then decreased up to the 40
th
 

day and increased sharply thereafter during the last 10 days of 

the first trimester period. 

• During the second trimester 

 Serum estradiol-17β level decreased as time of second 

trimester passed to reach its minimum value at the 80
th
 day 

from pregnancy period then increased steadily to reach its 

maximum value at the 100
th
 day. 

 Similar trend of variation with slight difference 

was observed in the level of serum estrone along the 

second trimester. 

 However, serum estrone sulfate decreased during the 

period from 60 to 70
th
 day then gradually increased towards 

the end of the second trimester.  

 Fecal estrone sulfate level decreased up to the 70
th
 day 

then gradually increased towards the 100
th
 day to reach an 

average level of 0.7530 ng/gm at this time. 

 Highly significant correlations (P<0.01) was found 

between fecal estrone sulfate and each of serum estrone 

sulfate (0.82) and serum estradiol-17β (0.78). While, the 

correlation between fecal estrone sulfate and serum estrone 

(0.68) was of significant value (P<0.05). This lead to state 
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the possibility to apply fecal estrogenic metabolites 

estimation for assessment of reproductive activity. 

• During the third trimester 

 Serum estradiol-17β level increased gradually 

throughout the third trimester from 0.2119 ng/ml at the 110
th
 

day to 0.7308 ng/ml at the 150
th
 day of pregnancy period. 

However, serum estrone level showed no characteristic trend 

throughout the third trimester period. 

 On the other hand, serum estrone sulfate level 

increased up to the 130
th
 day then decreased towards the end 

of pregnancy period. Fecal estrone sulfate showed 

approximately the same variation trend as that of serum 

estrone sulfate. 

3-  Estrogens and estrogen metabolites pattern during 60 

days postpartum period. 

It was obviously clear that all parameters estimated 

(serum estradiol-17β, estrone, estrone sulfate and fecal estrone 

sulfate) decreased during the first month (30 days) reaching 

their minimum values at the 30
th
 day after parturition. 

During the second 30 days of the (40-60 day) postpartum 

period an increase in all parameters estimated (serum levels of 

estradiol-17β, estrone and estrone sulfate as well as fecal 

estrone sulfate amount) was observed. 
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Fig. (1): Scatter diagram showing correlation between serum estradiol 

and fecal estrone sulfate of ewes showed irregular estrus cycle 

(silent heat). 

 

Fig.(2): Scatter diagram showing correlation between serum estrone 

and fecal estrone sulfate of ewes showed irregular estrus cycle 

(silent heat). 
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Fig.(3): Scatter diagram showing correlation between serum and fecal 

estrone sulfate of ewes showed  irregular estrus cycle (silent heat). 
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Fig. (4): Scatter diagram showing correlation between serum estradiol and 

fecal estrone sulfate for ewes conceived after one estrus cycle. 

 

Fig.(5): Scatter diagram showing correlation between serum estrone and 

fecal estrone sulfate for ewes conceived after one estrus cycle. 
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Fig. (6): Scatter diagram showing correlation between serum and fecal 

estrone sulfate of ewes for ewes conceived after one estrus cycle. 
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Fig.(7): Scatter diagram showing correlation between serum estradiol 

and fecal estrone sulfate during first estrus cycle in ewes 

conceived after two successive estrus cycle. 

 
Fig.(8): Scatter diagram showing correlation between serum estrone 

and fecal estrone sulfate during first estrus cycle in ewes 

conceived after two successive estrus cycle. 
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Fig.(9): Scatter diagram showing correlation between serum and fecal 

estrone sulfate during first estrus cycle in ewes conceived after 

two successive estrus cycle. 

 
Fig.(10): Scatter diagram showing correlation between serum estradiol 

and fecal estrone sulfate during second estrus cycle in ewes 

conceived after two successive estrus cycle. 
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Fig. (11): Scatter diagram showing correlation between serum estrone 

and fecal estrone sulfate during second estrus cycle in ewes 

conceived after two successive estrus cycle. 

 
Fig .(12): Scatter diagram showing correlation between serum estradiol 

and fecal estrone sulfate during second estrus cycle in ewes 

conceived after two successive estrus cycle. 
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Fig.(13): Scatter diagram showing correlation between serum estradiol and 
fecal estrone sulfate during 1

st
  trimester of pregnancy period. 

 
Fig.(14): Scatter diagram showing correlation between serum estrone and 

fecal estrone sulfate during 1
st
  trimester of pregnancy period. 
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Fig. (15): Scatter diagram displaying correlation between serum and fecal 

estrone sulfate during 1
st
  trimester of pregnancy period. 

 

 

 
Fig.(16): Scatter diagram showing correlation between serum estradiol and 

fecal estrone sulfate during 2
nd

  trimester of pregnancy period. 

-9 -9 -5 0 0 5 9 9 14 

-15 

0 0 

15 

30 30 

45 

60 60 

F
E

1
S

 a
re

a 
u

n
d

er
 c

u
rv

e 
(u

n
it

s)
 

SE1S area under curve (units) 

  

-3 0 0 3 5 5 8 10 10 

-80 -80 

-40 

0 0 

40 

80 80 

120 

F
E

1
S

 a
re

a 
u

n
d

er
 c

u
rv

e 
(u

n
it

s)
 

SE2-17β area under curve (units) 

  



Appendix 
 

-173- 

 

Fig.(17): Scatter diagram showing correlation between serum estrone and 

fecal estrone sulfate during 2
nd

   trimester of pregnancy period. 

 

 

Fig.(18): Scatter diagram showing correlation between serum and fecal 

estrone sulfate during 2
nd

 trimester of pregnancy period. 
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Fig.(19): Scatter diagram showing correlation between serum estradiol and 

fecal estrone sulfate during 3
rd

  trimester of pregnancy period. 

 

 
Fig.(20): Scatter diagram showing high positive correlation between 

serum estrone and fecal estrone sulfate during 3
rd

  trimester 

of pregnancy period. 
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Fig.(21): Scatter diagram showing correlation between serum and fecal 

estrone sulfate during 3
rd

  trimester of pregnancy period. 
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Fig.(22): Scatter diagram displaying correlation between serum 

estradiol and fecal estrone sulfate during the first 30 days of 

postpartum period. 

 
Fig.(23): Scatter diagram showing correlation between serum estrone 

and fecal estrone sulfate during the first 30 days of 

postpartum period. 
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Fig.(24): Scatter diagram showing correlation between serum and fecal 

estrone sulfate during the first 30 days of postpartum period. 

 
Fig.(25): Scatter diagram showing correlation between serum estradiol 

and fecal estrone sulfate during the second 30 days of 

postpartum period. 
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Fig.(26): Scatter diagram illustrating correlation between serum 

estrone and fecal estrone sulfate during the second 30 days 

of postpartum period. 

 

 

Fig.(27): Scatter diagram showing correlation between serum and fecal 

estrone sulfate during the second 30 days of postpartum period. 

-7 -4 0 4 7 11 

-30 

-15 

0 

15 

30 

45 

60 

F
E

1
S

 a
re

a 
u
n

d
er

 c
u

rv
e 

(u
n

it
s)

 

SE1S area under curve (units) 

  

-0.3 0.0 0.3 0.6 0.9 1.2 1.5 

-60 

-30 

0 

30 

60 

90 

F
E

1
S

 a
re

a 
u

n
d
er

 c
u

rv
e 

(u
n
it

s)
 

SE1 area under curve (units) 

  



 ا��
	� ا����� 
 

-١-

 الملخص العربي

تقدير األنشطة ل  الروث اإلستروجين في أيضإستخدام تقديرات نواتج

 التناسلية في األغنام

قسم لوحدة تغذية الحيوان بأجريت هذه الدراسة في مزرعة األغنام التابعة 
التطبيقات البيولوجية بمركز البحوث النووية التابع لهيئة الطاقة الذرية بانشاص 

يرم الدم من  كما أجريت التحليالت المناعية األشعاعية لمحتوي س.بمحافظة الشرقية
 اإلسترون كبريتات  وكذااإلسترونكبريتات و اإلسترون و بيتا ١٧-اإلستراديول

شعبة  –في الروث في معامل بحوت الغدد الصماء بقسم التطيقات البيولوجية 
 .ذرية النووية بهيئة الطاقة الالبحوثتطبيقات النظائر المشعة مركز

 التباين في مستويات  إمكانية إتخاذلي بيانإوقد هدفت الدراسة 
 نواتجها وكذا) اإلسترون و بيتا١٧-ستراديولاإل( ــاإلستروجينات في الدم ل

 اسليتن في كل من الدم والروث كدالئل للنشاط ال)اإلسترونكبريتات (التمثيلية 
في النعاج الخليطة بعد الوالدة خالل دورة الشبق وأثناء الحمل  و بمراحله المختلفة

 . البرقيx  الرحماني xمن األوسيمي 

 ولقد سمح .نتخابها تبعاً لحالتها التناسليةإ نعجة تم ٦٢ولقد أستخدم عدد 
 ثم -ثناء الفترة من ديسمبر حتي مايوألكل الحيوانات المنتخبة للرعي علي البرسيم 

شهر أاعية الخضراء خالل تغذيتها علي قش اآلرز وبعض بقايا المحاصيل الزر
 . المركزات بكميات تتوقف علي حالة المرعي منكما غذيت علي حبوب. الصيف

ثناء فترات أولقد سمح للمواليد الحوالي بالبقاء مع األمهات للرضاعة وذلك 
كما سمح للكباش .  بعدها تم الفطامسابيعأ ٨ستمرت الرضاعة حتي سن إو. الرعي

 .التلقيح الطبيعيبالبقاء مع النعاج إلتمام 

 و كبريتات اإلسترونو)  بيتا ١٧-اإلستراديول(تم تحليل اإلستروجين 
ولقد أجريت .  في الروث اإلسترون في سيرم الدم كما تم تحليل كبريتات اإلسترون
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 ١٠ثناء الحمل وكذا كل أيام أ ١٠تلك التحليالت خالل مراحل دورة الشبق وكل 
 .  يوم٦٠أيام بعد الوالدة ولمدة 

 .مع عينات الدمج ساعة في نفس وقت ٢٤تم جمع عينات الروث بعد 

 :ويمكن تلخيص النتائج المتحصل عليها كما يلي

 مستويات اإلستروجينات ونواتجها التمثيلية أثناء فترة الشبق -١

 :دورات شبق غير منتظمةفي النعاج التي أظهرت  •

رجة لم  بيتا منخفض بد١٧- مستوي سيرم الدم من اإلستراديولكان
وكان ذلك سبباً . تتمكن من إظهار سلوك الشياع في النعاج أثناء فترة الشبق

 .ساسياً في اإلعتقاد بمرور تلك النعاج بالشبق الصامتأ
ثناء فترة أعدم اإلنتظام  اإلسترونأظهر مستوي سيرم الدم من 

 اإلسترونولقد لوحظ نفس األطار من التغير في مستوي كبريتات . التقدير
ل من الدم والروث ، كما بين حدوث نوع من عدم اإلنتظام في عمليات في ك

 .لإلستروجينات في هذه الحالةالتمثيل الغذائي 
في النعاج ذوات دورات الشبق المنتظمة والتي تم حدوث الحمل فيها من  •

 :ول دورة شبقأ

 من اليوم األول  بيتا ١٧-اإلستراديولرتفع مستوي سيرم الدم من إ
نخفاض حاد إ بعده حدث ١٥علي مستوي له عند اليوم ألي إصل للتقدير لي

 .حتي نهاية دورة الشبق
 نفس اإلطار من اإلسترون و كبريتات اإلسترونأظهر كل من مستوي 

 يرمكن تقرألذا . اإلسترونث من كبريتات والتباين الذي أظهره محتوي الر
 علي حدوث   في الروث كدليلاإلسترونحتمال إتخاذ مستوي كبريتات إمن 

 .الشبق المنتظم من عدمه
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خصابها بعد ثاني دورة إفي النعاج ذوات دورات الشبق المنتظمة والتي تم  •

 :شبق

ن كل ألقد كان من الواضح من فحص النتائج المتحصل عليها 
 و كبريتات اإلسترون وبيتا١٧-ستراديولإلا(جراؤها إالقياسات التي تم 

من حدوث تباين )  في الروثستروناإل في الدم وكذا كبريتات اإلسترون
 ويؤكد ذلك -الشبق المتعاقبةمماثل لها طوال المراحل المختلفة من دورات 

نتظام حدوث دورات شبق خالل موسم التزاوج والذي ينتج عن وجود علي إ
 .الغدد الجنسية– النخامية -اسنوع من التوافق في محور الهيبوثاالم

 ة الحملفتراإلستروجينات ونواتجها التمثيلية أثناء  -٢

 :طوال فترة الحمل •

 بتقدم وقت الحمل  بيتا ١٧-اإلستراديولزاد مستوي سيرم الدم من 
وكان معدل . ترة الحمل بمرور فاإلسترونوي سيرم الدم من كما زاد مست

علي ألي إخيرة من الحمل حتي وصل آلثناء الفترة اأالزيادة عالي نسبياً في 
تجاه إنخفاض حاد في إ من الحمل بعدها حدث ١٢٠مستوي له قرب اليوم الـ

 .نهاية الحمل
 سيرم الدم من كبريتات يي مستوفلوحظ نفس اإلطار من التغير 

 عند اليوم اإلسترونعلي مستوي من كبريتات أ حيث لوحظ اإلسترون
 . من الحمل تقريبا١٣٠ًالـ

محتوي الروث من كبريتات كما لوحظ نفس اإلطار من التباين في 
تجاه الثلث الثاني من الحمل بعده زاد إ حيث زاد بطريقة ثابتة في اإلسترون

 بدأ في اإلنخفاض الحاد حتي  من الحمل بعده١٢٠ الـمدة حتي اليوبطريقة حا
 .يام األخيرة من الحملأنخفض المعدل خالل العشرة إ بعدها ١٤٠اليوم الـ
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 :لأثناء الثلث األول من الحم •

بينت النتائج المتحصل عليها تذبذب مستوي سيرم الدم من 
 .ن يتميز بإطار معين من التغيرأ دون  بيتا ١٧-اإلستراديول

 عند اليوم اإلسترونعلي متوسط لمستوي سيرم الدم من ألقد لوحظ 
 .٤٠قل متوسط له عند اليوم الـأ من الحمل بينما وجد ٥٠الـ 

ثناء أ اإلستروندم من كبريتات  متوسط سيرم الزادخري إومن جهة 
نخفض تدريجياً حتي نهاية الثلث األول إيام األولي من  الحمل بعدها أالعشرة 

 .من الحمل
 في الروث بشكل حاد من بداية فترة اإلسترونزاد محتوي كبريتات 

ثناء أ بعد ذلك زاد زيادة حادة ،نخفض حتي اليوم االربعينإ الحمل بعدها
 . من الثلث األول من الحملخيرةم األايأالعشرة 

 :أثناء الثلث الثاني من الحمل •

ني ثناء الثلث الثاأ بتقدم الحمل  بيتا ١٧-اإلستراديولنخفض مستوي إ
 من الحمل بعده زاد زيادة ثابتة ٨٠لـ وم اقل مستوي له عند اليألي إليصل 
  .١٠٠علي قيم له عند اليوم الـألي إليصل 

دم من ـاين في مستوي سيرم الكما لوحظ نفس اإلتجاه من التب
 بعدها ٧٠ :٦٠ وذلك خالل المدة من اليوم اإلسترون و كبريتات اإلسترون

 .حدث زيادة تدريجية تجاه نهاية الثلث الثاني من الحمل
 بعد ٧٠ حتي اليوم الـاإلستروننخفض محتوي الروث من كبريتات إ

علي مستوي له ألي إ ليصل ١٠٠تجاه اليوم الـإذلك زاد زيادة تدريجية في 
 .عند هذا الوقت) جم/ نانوجرام٠,٧٥٣(

بين محتوي   )٠,٠٥عند مستوي  ( المعنويةلوحظ معدل إرتباط عالي
-اإلستراديولومن ) ٠,٨٢( ومحتوي الدم منه اإلسترونالروث من كبريتات 

محتوي الروث من كبريتات بينما كان معدل اإلرتباط بين ) ٠,٧٨ ( بيتا ١٧
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لي إ، ويؤدي ذلك ) ٠,٦٨( معنوياً اإلسترونالدم من  ومحتوي اإلسترون
ستخدام نواتج اإلستروجين التمثيلية في تقييم النشاط التناسلي إتقرير إمكانية 

 .في النعاج
 :أثناء الثلث األخير من الحمل •

 زيادة تدريجية خالل الثلث الثالث  بيتا ١٧-اإلستراديولزاد مستوي 
 ٠,٧٣٠٨ الي ١١٠عند اليوم مل / نانوجرام٠,٢١١٩من الحمل من 

بينما أظهر مستوي سيرم الدم من .  من الحمل١٥٠مل عند اليوم /نانوجرام
 . سمات غير محددة خالل المدة الثالثة من الحملاإلسترون

حتي  اإلسترونخري زاد مستوي سيرم الدم من كبريتات أومن جهة 
مثل كانت وبال. نخفاض حتي نهاية الحملإل بعده بدأ في ا١٤٠ـاليوم ال

 .اإلسترونالتغيرات الحادثة في محتوي الروث من كبريتات 

  يوم بعد الوالدة٦٠اإلستروجينات ونواتجها التمثيلية خالل الـ -٣

 والروث ملقد كان من الواضح إنخفاض كل القياسات الهرمونية في الد
 د لوحظ يوم الثانية فلق٣٠اما أثناء الـ . الوالدةثين يوماً األولي بعد أثناء الثال

 . زيادة جميع تلك القياسات حتي نهاية فترة التجربةبدء


