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Abstract:
Objectives of this study were to: 1) evaluate gross and histometric characteristics of oviducts and uteri
during the puberal transition in ewe lambs, and 2) evaluate effects of estrogen on these characteristics
in ovariectomized ewes during the puberal transition. For Objective 1) , ewe lambs were
ovohysterectomized prepuberally or 24 ± 2 h after onset of first or third estrus. For Objective 2) , ewe
lambs were ovariectomized prepuberally or 24 ± 2 h after onset of first or third estrus (d = 0), then
hysterectomized 24 ± 2 h after i.m. injection of estradiol benzoate (EB) on d 5. Reproductive organs
were collected from mature pluriparous ewes 24 ± 2 h after onset of estrus or EB, for Objectives 1) and
2) , respectively. Gross characteristics were diameters, lengths and weights of oviducts and uteri.
Histometric characteristics were evaluated by photomicrography of histologic tissue sections of
ampullae, isthmi and uterine cornua. Measurements included epithelial cell volume, total surface area
and total number of cells per ampullae or isthmi and area of the muscularis in ampullae, isthmi and
uterine cornua. Size of the reproductive tract did not affect (P>.05) any gross or histometric
characteristic in untreated or EB-treated ewes. During the puberal transition in untreated ewes, both
gross and histometric characteristics generally followed a similar developmental pattern being smallest
(P<.05) in prepuberal ewes, greatest (P<.05) in mature ewes and intermediate (P<.05) in, but not
different (P>.05) between, ewes at first or third estrus. This was observed for in situ diameters of
ampullae, uterine cornua and bodies, and weights of uteri and oviducts. The same pattern was observed
histometrically for ampullary surface area and uterine epithelial cell volume in untreated ewes and area
of the uterine muscularis in both untreated and EB-treated ewes. However, oviductal diameters and
weights in EB-treated ewe lambs and ampullary, isthmic and oviductal lengths in both untreated and
EB-treated ewe lambs did not differ (P>.05), but were smaller (P<.05) in ewe lambs than those in
mature ewes. Similarly, total surface area and area of the muscularis of ampullae and isthmi did not
differ (P>.05) among untreated ewe lambs, but they were smaller (P<.05) than in mature ewes. This
pattern was also observed for total surface area of isthmi of untreated ewes and the total number of
isthmic epithelial cells in EB-treated ewes during puberty. Interclass correlation coefficients were
generated among gross and histometric characteristics of oviducts and uteri. In conclusion, some gross
and histometric characteristics of oviducts and uteri undergo a non-linear pattern of development
during the puberal transition in ewe lambs and this development may be manifested through
concommitant changes in the sensitivity of oviductal and uterine tissues to estrogenic stimulation. 
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ABSTRACT

Objectives of this study were to: I) evaluate gross and 
histometric characteristics of oviducts and uteri during the 
puberal transition in ewe lambs, and 2) evaluate effects of 
estrogen on these characteristics in ovariectomized ewes 
during the puberal transition. For Objective I) , ewe lambs 
were ovohysterectomized prepuberalIy or 24 ± 2 h after onset 
of first or third estrus. For Objective 2), ewe lambs were 
ovariectomized prepuberally or 24 ± 2 h after onset of first 
or third estrus (d = 0), then hysterectomized 24 ± 2 h after 
i.m. injection of estradiol benzoate (EB) on d 5. Reproductive 
organs were collected from mature pluriparous ewes 24 ± 2 h 
after onset of estrus or EB, for Objectives I) and 2) , 
respectively. Gross characteristics were diameters, lengths 
and weights of oviducts and uteri. Histometric characteristics 
were evaluated by photomicrography of histologic tissue 
sections of ampullae, isthmi and uterine cornua. Measurements 
included epithelial cell volume, total surface area and total 
number of cells per ampullae or isthmi and " area of the 
muscularis in ampullae, isthmi and uterine cornua. Size of the 
reproductive tract did not affect (P>.05) any gross or 
histometric characteristic in untreated or EB-treated ewes. 
During the puberal transition in untreated ewes, both gross 
and histometric characteristics generally followed a similar 
developmental pattern being smallest (P<.05) in prepuberal 
ewes, greatest (P<.05) in mature ewes and intermediate (P<.05) 
in, but not different (P>.05) between, ewes at first or third 
estrus. This was observed for in situ diameters of ampullae, 
uterine cornua and bodies, and weights of uteri and oviducts. 
The same pattern was observed histometrically for ampulIary 
surface area and uterine epithelial cell volume in untreated 
ewes and area of the uterine muscularis in both untreated and 
EB-treated ewes. However, oviductal diameters and weights in 
EB-treated ewe lambs and ampulIary, isthmic and oviductal 
lengths in both untreated and EB-treated ewe lambs did not 
differ (P>.05), but were smaller (P<.05) in ewe lambs than 
those in mature ewes. Similarly, total surface area and area 
of the muscularis of ampullae and isthmi did not differ 
(P>.05) among untreated ewe lambs, but they were smaller 
(P<.05) than in mature ewes. This pattern was also observed 
for total surface area of isthmi of untreated ewes and the 
total number of isthmic epithelial cells in EB-treated ewes 
during puberty. Interclass correlation coefficients were 
generated among gross and histometric characteristics of 
oviducts and uteri. In conclusion, some gross and histometric 
characteristics of oviducts and uteri undergo a non-linear 
pattern of development during the puberal transition in ewe 
lambs and this development may be manifested through 
concommitant changes in the sensitivity of oviductal and 
uterine tissues to estrogenic stimulation.
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INTRODUCTION

In recent years, knowledge of biological and 
physiological relationships of the mammalian reproductive 
process has accumulated at an ever increasing rate. This has. 
resulted in new directives for areas of research related to 
production efficiency of domestic livestock species. From a 
biological standpoint, it is vital to understand the 
conditions which promote optimum reproductive performance; in 
the broader sense of assuring the continuation of species and 
the more immediate need of fulfilling social demand and 
economic profitability in animal agriculture.

The potential for reproductive efficiency within the 
domestic female ruminant is dependant upon several inherent 
biological factors. These include age at which puberty is 
attained, duration of the reproductive period relative to the 
animal's lifetime, length of breeding season, frequency of 
estrus, number of ovulations per estrus, length of gestation, 
litter size and duration of postnatal care (Hafez, 1980). 
Interactions of these factors with nutritional status, genetic 
and anatomical competence, endocrinological balance or 
pathological circumstances will promote or hinder reproductive 
efficiency in the female.

.

Experimental manipulation of these relationships has • 
provided"the groundwork for a majority of current knowledge in 
this area. However, upon review, it is aptly demonstrated that
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much remains unknown about specific processes related to 
fertility and reproduction in domestic species.

One such area is the attainment of puberty in the female; 
defined here as initial production of viable ova and 
performing the appropriate role in the sexual congress of the 
species. A sequence of maturational stages has been identified 
during the ontogeny of mammals. These include; I) the 
infantile, 2) the prepuberal, 3) the puberal, 4) the sexually 
mature and 5) the senescent stages. Attainment of reproductive 
maturity and its related potential for continued fertility 
appear to occur as a gradual step-wise process of interrelated 
events. Each event in this series is, to some extent, 
dependent upon biological and physiological manifestations of 
previous events, such as a certain body weight, energy reserve 
and functionality and integration of the endocrine systems. It 
is generally accepted that a great number of specific genetic 
and environmental factors are capable of influencing 
initiation of the puberal process of domestic species. These 
factors will be summarized in the following review for the 
female ovine and for other species where information is 
lacking or relevant.
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REVIEW OF LITERATURE

Endocrine Regulation of Puberty

Puberty marks the transition from a sexually immature 
state into one in which the potential to reproduce is gained.
'During this period, the brain and the reproductive system are 
acted upon by genetic and environmental influences which 
initiate a cascade of endocrinological, events allowing 
expression of reproductive potential. Puberty in the female 
ruminant may be viewed as a discrete event, marked by first 
estrus followed by ovulation, or as a sequential process of 
events, each dependent upon previous circumstances, leading to 
complete sexual maturity. The estrous cycle of mature females 
is characterized by precise regulation of those 
characteristics necessary for reproductive success; namely the 
coincidental occurrence of the gonadotropin surge, ovulation 
and estrous behavior.

Most available data support this later concept of 
puberty. Foote et al. (1970) found evidence of one o r .more 
previous ovulations not accompanied by estrous behavior in 88% 
of ewe lambs subjected to laparoscopy at puberal estrus. A 
similar observation was reported by Hare and Bryant (1985). in 
which progesterone (P4) concentrations indicated that all of 
ten ewe lambs in the study experienced one or more silent 
ovulations before first estrus. The attainment of puberty in
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female sheep has been characterized by three gonadotropin 
elevations and two ovulations of which only the last one is' 
accompanied by estrous behavior and ,pregnancy (Ryan and 
Foster, 1978; Fitzgerald and Butler, 1982). These results 
indicate that attainment of puberty in ewes is not a single 
distinct event, but occurs as a gradual step-wise process.

Another circumstance, termed non-puberal estrus, has been 
described by Rutter and Randel (1986) and Byerley et al. 
(1987) in beef heifers. It is characterized by estrous 
behavior not accompanied by ovulation or corpus luteum (CL) 
formation. These data support the view that puberty does not 
occur as a discrete event in the female ruminant.

Currently, the most accepted model for regulation of the 
puberal transition in female ruminants is the Gonadostat 
Theory. It is based upon the premise that ovarian steroids 
inhibit the neuroregulatory centers for gonadotropin secretion 
during post-natal development and that a marked decrease in 
feedback sensitivity of these areas of the brain to steroidal 
inhibition eventually allows initiation of the puberal 
transition. This theory was conceptualized by Hammond (1944) 
and eventually proposed in its current form for the rat by 
Ramirez and McCann (1963).

If the gonadostat model does apply to the ovine species, 
then the mechanism which regulates LH secretory patterns must 
be the limiting factor in the onset of the puberal transition. 
Also, it must be assumed that all neuroendocrine and endocrine



5
organs related to reproduction are functionally competent in 
the prepuberal ewe, but these components lack integration 
(Foster et al., 1972a; Trounson et al., 1977). The axioms of 
this model are: I) prepuberal competence of the gonadotropin 
surge mechanism, 2) prepuberal competence of the ovary, 3) the 
ability to produce high-frequency gonadotropin (LH) pulses 
prepuberally, and 4) negative feedback of estradiol on LH 
regulatory centers decreases during the puberal transition.

Competency of the ovulatory gonadotropin (LH) surge 
mechanism in the prepuberal ewe is well documented. Foster and 
Karsch (1975) observed that regulatory centers which control 
LH secretion in the lamb can respond to the positive feedback 
effect of estradiol (E2) as early as 5 to 7 wk of age. By 12 
to 20 wk, E2-induced LH surges are within a range similar to 
those which can result in ovulation in adult ewes. Also, P4 
blocks the positive effect of estradiol on the LH surge 
mechanism indicating that the system recognizes and responds 
to this inhibitory steroid long before its source, the CL, is 
formed. Foster (1984) concluded that gonadotropic sensitivity 
to steroidal stimulation in the 19-wk-old lamb treated with 
estradiol implants is equivalent to that of adult ewes. 
Collectively, these data indicate that both the positive and 
negative feedback mechanisms of E2 and P4 are present and 
functional in the prepuberal ewe and are not limiting factors 
for the attainment of puberty.

Antral follicles are present at birth in ewe lambs and
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have the potential to respond to the stimulatory effects of 
exogenous gonadotropins by 3 to 4 wk of age as thecal and 
granulosa tissue layers develop (Hansour, 1959). Worthington 
and Kennedy (1979) reported that exogenous hCG or eCG induced 
ovulation and subsequent formation of CL in 6-wk-old ewe 
lambs. Foster et al. (1984) administered 48 hourly i.v. 
injections of purified ovine LH into 20-wk-old lambs to mimic 
the high-frequency pattern associated with ovulation in mature 
ewes. Circulating levels of E2 increased approximately 
fivefold followed by an LH surge, ovulation and CL formation. 
The absence of cyclical alterations of endogenous estradiol in 
prepuberal ewe lambs appears to be due to lack of proper 
gonadotropic signalling to stimulate ovarian follicular 
activity rather than ovarian immaturity. Therefore, the ovary 
does not appear to be a limiting factor in attainment of 
puberty.

LH interpulse intervals typically vary from 2 to 4 h in 
the prepuberal lamb and decrease during the week before first 
ovulation (Bindon and Turner, 1974; Huffman and Goodman, 
1985). Foster et al. (1975) reported post-natal ovariectomy at 
2 wk of age resulted in establishment of high-frequency 
pulsatile secretion of LH, long before the average age of 
puberty in ewes. This indicates that in the absence of 
steroidal inhibition, the potential to produce high-frequency 
LH pulses exists shortly after birth in the immature ewe and 
is not a limiting factor for the attainment of puberty.
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The final and central assumption of the Gonadostat Theory 
is that a pronounced decrease in the sensitivity to estradiol 
inhibition of LH secretion occurs during the post-natal 
development in the ewe. Foster and Ryan (1979) reported that 
gonadotropic sensitivity to steroidal inhibition decreased 
during the puberal transition in the ewe. Lambs were 
ovariectomized at 19 wk of age and chronically treated with 
E2-containing Silastic implants for 4 mo. Estradiol 
effectively inhibited LH secretion initially, then LH levels 
increased in the agonadal ewes through the time period in 
which a group of intact controls began ovulatory cycles. This 
would indicate that steroidal inhibition decreases during the 
puberal transition in ewes and permissively allows the 
expression of high-frequency LH pulses required to manifest a 
sustained increase in E2 which induces a gonadotropin surge, 
ovulation and subsequent CL formation.

Several studies have provided strong inferential evidence 
that a diffuse portion of the basal hypothalamus which 
includes preoptic GnRH-producing cells projecting into the 
median eminence (Pau et al. , 1982 ;'Lehman et al. , 1986) serves 
as the neuroendocrine linkage between ovarian steroids and 
gonadotropin secretion in ewes. Clark and Cummins (1982) and 
Levine et al. (1982) reported a strong positive association 
between each secretory pulse of GnRH and those of LH in adult 
agonadic ewes. Theiry and Pelletier‘ (1981) observed highly 
correlated activity between pulsatile release of LH and
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neuronal electrical activity measured in a diffuse area of the 
basal hypothalamus. Also, active immunization against GnRH has 
been shown to block pulsatile release of LH in adult ewes 
(Clarke et al. , 1978). Relative to the puberal transition, 
further study is currently required to determine whether 
decreasing hypothalamic sensitivity to E2 is due to 
maturational events in specific neural elements as a result of 
an altered endocrinological environment.

Internal and External Determinants Affecting Puberty 

Photoperiodic and Seasonal Determinants of Puberty

Hulet et al. (1969) observed that ewe lambs which reached 
puberty within their first year, even if not bred, have a 
greater lifetime reproductive potential than ewes which begin 
reproductive cycles as yearlings. This result and the results 
of other investigators (Spencer et al., 1942; Longrigg, 1961) 
indicate that breeding ewe lambs as yearlings can increase 
reproductive efficiency.

Results reported by Yeates (1949) and Legan and Karsch 
(1979) demonstrated that photoperiod is a major environmental 
factor that synchronizes reproductive activity in ewes. Short 
photoperiods stimulate and long photoperiods inhibit 
reproductive function (Legan and Karsch, 1980). Because of 
this physiological constraint, ewe lambs will only express
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puberty during the autumn breeding season, independent of 
season of birth (Hammond, 1944).

Foster (1981) reported that the photoperiodic sequence 
experienced by lambs born during the wrong season (summer or 
fall) profoundly affected age of onset of puberty. To examine 
this relationship, Yellon and Foster (1985) conducted a study 
to determine the appropriate photoperiodic sequence required 
by developing ewes to express reproductive cycles at 30 wk of 
age. The results indicated that continuous exposure of 
developing ewes to either long or short artificial 
photoperiods delayed puberty until the age of 17 to 19 mo. 
Surprisingly, ewe lambs exposed to long photoperiods for as 
little as I wk, at 21 wk of age, showed puberty at the normal 
age when otherwise raised under short photoperiods. Their 
findings establish a developmental requirement for an 
alternating photoperiodic sequence of long days followed by 
short days for normal consecutive cycles to occur during the 
year of birth.

Results of the above study are in contrast with those of 
several earlier studies (Radford, 1961; Smith, 1967; Ducker et 
al., 1973) in which photoperiod did not influence age at 
puberty in lambs,. However, mating behavior, rather than P4 
concentrations, was the criterion used to determine onset of 
puberty. Oldham and- Gray (1984) have reported that sudden 
exposure of Merino ewe lambs to mature rams hastened onset of 
puberty, independent of season of birth, and this circumstance
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is likely the source of obtaining.the opposite conclusion. 
Taken together, these studies indicate that the prepuberal 
lamb maintains a "photoperiodic history" in which long 
photoperiods of summer are utilized as a reference to initiate 
the puberal transition during subsequent short photoperiods 
(fall).

Photoperiodic cues are known to be received and 
incorporated into the timing process of reproductive events 
via alteration of pineal gland function (Karsch et al. , 1984; 
Martin, 1984). Foster et al. (1985a) reported that melatonin 
• secretion is initiated by 10 wk of age in the ewe in accord 
with the prevailing photoperiod.

Denervation of the pineal gland in 6-wk-old lambs 
abolished nocturnal melatonin secretion and delayed occurrence 
of puberty (Foster et al., 1985b). However, continuous 
melatonin administration, via Silastic implant, starting at 3 
to 4 wk of age also delayed puberty in otherwise untreated 
ewes (Kennaway and Gilmore, 1984). The results of these 
pharmacological studies are difficult to resolve. The authors 
suggested the possibility that chronic melatonin 
administration, after endogenous indolamine patterns are 
established, is interpreted physiologically as "long nights" 
and treatment before this period reflects incomplete 
maturation of the related neuroendocrine mechanisms which 
would be consistent with the previously discussed findings.



It

Nutritional Determinants of Puberty

)
At present, few hypotheses have been proposed to explain 

the dynamic relationships between nutrition and reproductive 
activity. However, a considerable body of information on the 
effects of sub-optimaI nutrition on ovine reproduction has 
been developed.

Fitzgerald et al. (1982) reported that onset of puberty 
in ewe’ lambs is influenced by nutritional plane. Ewe lambs 
undernourished from 10 wk of age experienced a delay in the 
onset of puberty relative to those receiving adequate feed. 
The effect of low nutrition is to retard growth rate which 
presumably induces a depression in LH pulse frequency and 
delays puberty before I yr of age (Foster et al., 1985b).

There are data that indicate the GnRH pulse generator in 
the developing lamb is sensitive to nutritional status. Foster 
and Olster (1985) reported that undernourished ewe lambs, 
ovariectomized at 20 wk of age, exhibited an initial increase 
in mean LH levels followed by a marked decrease. Lowered 
concentrations were due to a slower discharge fate with 
continued feed restriction. However, LH pulse frequency 
increased in ovariectomized lambs when allowed free access to 
feed. These results indicated that even in the absence of E2 
feedback, plane of nutrition can have modulatory effects on LH 
secretion. Regardless of nutritional level, ovariectomized 
lambs chronically treated with E2 implants produced LH pulses

11
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of lower amplitude relative to ewes'not treated with E2. Yet 
when these lambs were allowed free access to feed, E2 
treatment appeared to accelerate LH pulse frequency. The 
appearance of high frequency LH pulses in this study coincided 
with onset of reproductive cycles in intact untreated lambs 
and, as Karsch et al. (1983) concluded, may reflect attainment 
of developmental maturity by the GnRH pulse generator.

Genetic Determinants of Puberty

Currently, little data exists regarding genetic bases for 
breed differences and the timing of puberty. Some evidence 
indicates that the relative influences of internal and 
external cues affecting reproductive activity may well differ 
between ovine breeds.

Early studies indicated that maturational differences of 
a basic nature across breeds has been reviewed by Roux (1936), 
Bell (1945) and Hafez (1951). Hulet et al. (1969) examined the 
relationship of lifetime production to incidence of early 
estrus in Rambouillet, Targhee and Columbia ewe lambs. 
Overall, Targhee ewes had the highest percentage (14%) showing 
reproductive cycles as lambs and Columbia ewes had the lowest 
(9.6%). As a result, Targhee, Columbia and Rambouillet ewes 
showing estrus as lambs accumulated 10.9/19.1 and 20.4 kg of 
lamb, respectively, over 5 yr relative to contemporaries not 
showing estrus the first year. Furthermore, a year by breed
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interaction was found and breed differences appeared to be 
dependent upon environmental effects within a given year. 
Southam et al. (1971) reported that Finnish Landrace X 
Rambouillet ewes reached puberty approximately 3 wk earlier 
than contemporaneously managed Rambouillet, Targhee, Columbia 
or Dorset X Targhee ewe lambs. Also, Finnish Landrace X 
Rambouillet ewes had the highest pregnancy rates (100%) and 
Rambouillet the lowest (61%) when bred as lambs relative to 
the other breed types. Laster et al. (1972) studied first year 
reproductive performance in ewe lambs representing 7 breeds 
and 12 breed crosses. Number of ewes lambing, number of lambs 
per ewe and number of lambs weaned per ewe were affected by 
breed type. In crossbred ewes, compared on a sire-breed basis, 
Finn-crosses had superior performance relative to Rambouillet- 
crosses . As expected, crossbred lambs generally outperformed 
straightbred lambs. Differences in age and weight among breeds 
and breed crosses at puberty were not reported. Wiggins et al. 
(1970) reported no breed or strain differences in age at 
puberty between fall-born Rambouillet and three strains of 
Rambouillet-sired ewes. In agreement with Hulet et al. (1969) , 
age at puberty was affected by year, ranging from 199 to 577 
d and averaging 316 d over all breed types.
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Fertility Associated with Puberty

There are a number of studies in which fertility, or the 
ability to produce offspring, has been evaluated during the 
puberal transition in various mammalian species. In sheep, 
Quirke (1981) reported that 20% or more of ewe lambs bred 
during their first year of life fail to produce a lamb. Hare 
and Bryant (1985) determined that pregnancy rates in ewe lambs 
increased approximately 20% when bred at second estrus 
relative to breeding at puberal estrus during their • first 
year. It is of interest to note that the authors found no 
differences in ovulation rates and concluded that decreased 
fertility associated with puberty appears to be due to pre- 
implantation losses. Bichard et al. (1974) reported a trend
toward progressive improvement in fertility from the puberal 
to third, estrous cycle in crossbred ewe lambs.. Byerley et al. 
(1987) observed increased pregnancy rates in beef heifers bred 
at third estrus (78%) compared to, heifers bred at puberal 
estrus (57%). However,, two studies, both involving small 
numbers of ewes, found no significant improvement in fertility
through the first three estrous cycles (Edey et al., 1978;

'
Williams et al., 1978).

The -relationships of ova and (or) zygote viability to 
physiological changes associated with the puberal transition 
in domestic species are not well established. Fertilization 
rates were similar for ova collected from puberal lambs
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(Quirke, 1981) and gilts (Archibong et al., 1987a; Menino et 
al. , 1989) compared to ova collected from mature females- 
Katska and Smorag (1984) found no differences in the 
proportions of ova classified as morphologically normal among 
heifers (ages 12 to 24 mo), young cows (ages 3 to 6 yr) and 
old cows (ages 9 to 17 yr). Similarly, Menino et al. (1989) 
found no difference between percentages of morulae with 
abnormal morphology developed in vitro from the one- to eight
cell stages collected from gilts bred at either first or third 
estrus. However, incidence of abnormal blastocysts, developed 
in vitro, was higher among embryos from gilts bred at first
estrus than in gilts bred at third estrus. The authors 
concluded that decreased viability of embryos collected from 
gilts mated at first estrus may be due to aberrant blastocoel 
formation and expansion. McMillan and McDonald (1985) 
determined that 8- to 16-cell ova from ewe lambs are less
likely to develop to term than ova from adult ewes when 
transferred into uteri of ewe lambs. These data indicate that 
fertility associated with breeding at puberal estrus is lower 
than that observed at subsequent estrous periods and that 
further study of factors limiting reproductive potential- at 
puberty in the domestic ruminant female is required. Decreased 
viability of ova from puberal females may Indicate that either 
the maternal oviductal or uterine environment is inadequate in 
terms of facilitating normal zygote development or that 
exposure to cyclic patterns of ovarian steroids alters oocyte

I
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physiology prior to. ovulation, and promotes developmental 
competence in some yet undetermined manner.

Gross and Micromorohology of the Female Reproductive Tract 

Embrvoloqical Development

The primordial female genital tract, the Mullerian or 
paramesonephric duct, develops during gonadal organization 
adjacent and caudally to the already existing Wolffian 
(mesonephric) duct (Byskov and Hoyer, 1988). The Wolffian duct, 
possibly contributes cells to the Mullerian system (Gruenwald, 
1941). Supporting this notion is the observation of plasma 
membrane fusion of cellular elements of the Wolffian and 
Mullerian ducts reported by Dohr and Tarmann (1984). Gruenwald 
(1941) and Burns (1955) concluded that the Wolffian system may 
provide guidance for differentiation of the female duct 
anlage. In,, human females, Hamilton and Mossman (1972) 
reported that initiation of ' anlage differentiation is 
characterized by an invagination of the coelomic epithelium 
lateral to the mesonephric duct, subsequently developing into 
the abdominal ostium. The ovine embryonic uterus becomes 
apparent at Day 24 of gestation and tissue reorganization 
continues through Day 34 (Bryden, 1969). During early 
differentiation, the paramesonephric system consists of 
simple, straight tubules lined with a single-layered
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epithelium ranging from squamous to columnar. With continued 
development, epithelial height increases and nuclei migrate to 
a basal position and the associated mesenchyme organizes into 
concentric layers surrounding the luminal epithelium (Byskov 
and Hoyer, 1988). At this developmental stage in rodents, 
specific regions of epithelia are developing characteristics 
associated with secretory activity in the form of supranuclear 
Golgi apparatus and free ribosomes (Price et al., 1977). 
Epithelial-mesenchymal interactions within the dual duct 
system appear to be responsible for continued morphogenic 
differentiation and development (Cunha et al., 1981).

Fetal Development

With regression of the mammalian mesonephros, the 
anterior segment of the Mullerian system differentiates into 
oviductal tissues, the midsection into uterine tissues and the 
posterior segment into cervical and, in some species, vaginal 
tissues (0'Rahilly, 1973). There are few studies which detail 
the developmental history of the mammalian oviduct. However, 
it is known that by the end of the ambisexual period, 
oviductal coiling is generally apparent. This coiling is then 
followed by invagination and differentiation of the epithelium 
and associated formation of a mesenchymal-muscularis layer 
(Price et al., . 1969). During mid-gestation in precocious 
species, including., sheep, oviducts differentiate into three
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segments: the infundibulum, ampulla and isthmus. Distinct 
folds mark the. tubo-uterine junction. Fully ciliated cells 
within the human oviduct have been reported in newborns 
(Stegner, 1961) and in fetuses exceeding 20 cm crown-heel 
length by Overbeck (1967), Patek and Nilsson (1973) and 
Konishi et al. (1987). Although data is lacking, it is likely 
that oviductal epithelium develops similarly in the ovine 
fetus.

In contrast to the oviduct, uterine developmental 
morphology is relatively well documented. Uterine 
differentiation occurs simultaneously with that of the 
oviducts and uterine diameter becomes notably larger by mid
gestation (Price .et al., 1969). Paramesonephric ducts fuse 
with each other to varying degrees depending upon the species. 
This event results in - species specific uterine morphology 
(Davies, 1967) .• It occurs between 34 d of gestation, a point 
at which Bryden (1969) noted separate ducts, and 60 d of 
gestation, when caudalIy fused separate horns are present in 
sheep (Wiley et al., 1987). Between 55 and 60 d of gestation, 
the fused luminal region is lined with simple columnar 
epithelium and the bipartite configuration of the uterus is 
attained (Wiley et al., 1987). Byskov and Hansen (.1986) 
reported that portions of mesenchyme associated with the 
genital ridge in mice reorganize and form the earliest smooth- 
muscle layer of the uterus and oviducts. Wiley et al. (1987) 
found that ovine mesenchymal differentiates into endometrial
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and myometrial elements had begun by 55 d of gestation. 
Similarly, fetal differentiation of the mesenchyme occurs in 
other precocious species including the cow (Atkinson et al., 
1984) , horse (Ginther, 1979) and human (Konishi et al., 1984) . 
However, Davies et al. (1985) reported that in altricial 
species, such as hamsters, rats and mice, mesenchymal 
differentiation is predominately a neonatal event, but 
otherwise follows a similar pattern.

By 90 d of gestation, endometrial restructuring in the 
ovine fetus results in mucosal features that persist in the 
adult. These include raised aglandular caruncles and 
longitudinal ridges and folds (Wiley et al., 1987). Similar 
findings were reported in the fetal cow (Atkinson et al., 
1984) and pig (Mossman, 1980).

Uterine glands, typically present in adult mammalian 
females, first develop in the late fetal or early neonatal 
period. Slight endometrial invaginations at birth have been 
reported in sheep (Kennedy et al., 1974; Wiley et al., 1987), 
cattle (Desjardins and Hafs,.1969) and pigs (Bal and Getty, 
1970), however, no glandular involution was apparent. 
Similarly in mice, mucous and serous cells develop relatively 
early in the lowest regions of uterine and cervical 
epithelium, but glandular aspects of uterine and oviductaI 
epithelia remain undeveloped until the neonatal period (Byskov 
and Hansen, 1986) . In contrast, Atkinson et al. (1984) 
described short endometrial invaginations in the fetal bovine
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uterus at 250 d of gestation. However, significant glandular 
development, involving cellular translocation and 
differentiation of tissues, was noted during the neonatal 
period and appeared to form a common pattern for uterine 
morphogenesis in the mammalian fetus. It currently remains 
unclear what drives these processes, although some evidence 
indicates mediation by the extracellular matrix (Toole, 1981) 
and stromal connective tissues (Cunha et al. , 1985) during 
uterine morphogenesis in the fetus.

Neonatal Development

Examination of oviductal histogenesis from birth to 
puberty has been limited for most species. Desjardins and Hafs 
(1969) reported that bovine oviductal weight increased 
proportionately with body weight from birth to 9 mo of age, 
followed by only a marginal gain through 12 mo of age. 
Oviductal length followed a similar developmental pattern. 
The greatest growth rate occurred between birth and 5 mo of 
age and was followed by a decreased rate through I yr of age.

The luminal epithelium of oviducts is typically well 
developed at birth in the calf, subsequently regresses and 
recovers again before puberty. Epithelial cell height of 
bovine oviducts was lower at I mo compared to cell height at 
birth, then increased and remained stable after 2 mo of age 
(Desjardins and Hafs, 1969). Based on a much longer time-lag
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in recovery of uterine epithelium, the authors concluded that 
if cell height is steroidally influenced in the neonate, then 
oviductal epithelium is more sensitive to steroids than other 
regions of the tubal reproductive organs during this period.

Characteristics of neonatal uterine morphogenesis have 
been more fully described by several . authors in sheep and 
cattle. Kennedy et al. (1974) observed that uterine weight of 
Merino lambs approximately doubled between birth and 4 wk, 
then did not vary significantly until 33 wk of age. Between 24 
and 33 wk of age, uterine weight increased nearly twofold. 
This is consistent with findings of Desjardins and Hafs (1969) 
who reported that uterine length, weight and RNA content 
increased and paralleled each other from birth to 10 mo of age 
and growth rate was greatest between 8 and 10 mo of age in 
calves. From 10 to 12 mo of age, uterine length and weight 
continued to increase, but RNA content did not. This indicates 
that cellular hypertrophy increase's before puberty. A similar 
pattern of uterine growth has been observed in rats 
(Desjardins et al., 1968).

The uterine endometrium in the . newborn is typically 
characterized by a simple columnar epithelium in sheep 
(Kennedy et al., 1974; Wiley et al., 1987; Bartol et al., 
1988b) and cows (Desjardins and Hafs, 1969). Uterine 
epithelium appears to follow the same pattern of development 
as oviductal epithelium: regression and recovery. Kennedy et 
al. (1974) reported that mean height of ovine uterine
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epithelium was tallest at birth, declined between 8 and 12 wk 
and increased again between 20 and 3 3 wk of age. Similarly, in 
the bovine neonate, epithelial cell height was greatest at 
birth, regressed between 2 and 9 mo of age and subsequently 
increased through 12 mo of age (Desjardins and Hafs, 1969). 
Increased cell height of luminal epithelium at birth in these 
species was probably due to high maternal production of 
estrogens immediately before parturition (Mellin et al. , 
1966).

Uterine glandular development is minimal at birth, 
however, with advancing neonatal development, glandular 
invagination toward the myometrium increases resulting in the 
adult form of endometrium before puberty. Few endometrial 
folds and no complete glands are present in the newborn lamb 
(Kennedy et al., 1974; Tassel et al., 1978; Bartol et al., 
1988a,b). From 4 to 33 wk of age, mucosal and stromal folding 
increases and intercotyledonary glandular development becomes 
extensive. In a more detailed examination of this period, 
Bartol et al. (1988a) reported a regional transition of DNA 
synthesis in the ovine uterus, from stromal and caruncular 
areas at birth to intercaruncular epithelia by 13 d of age and 
distal portions of uterine glands were specifically targeted 
for increased DNA synthesis. It appears that degradation of 
proteoglycans and glycosaminoglycans at the epithelial- 
mesenchymal interface is required to support this intense, 
localized mitotic activity during the morphogenic development
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of the ovine uterus (Spooner and Thompson-Pletsher, 1986; 
Bartol et al., 1988).

Uterine tissues are known to be a target for estradiol- 
178 activity in adults. However, evidence indicates that early 
uterine morphogenesis is not estrogen dependent in ewe lambs. 
Ovariectomy of neonatal lambs before 5 d after birth did not 
affect uterine wet weights on Day 16 (Foster et al., 1972b), 
however, uterine wet weights were reduced at 44 d of age in 
lambs ovariectomized at the same age (Leifer et al., 1972). 
Thus it would appear that steroid-dependent uterine 
development is initiated by 6 wk of age in ewe lambs. In 
support of this, Bartol et al. (1988a) suggested that 
decreased DNA synthesis in glandular epithelium observed in 
neonatal lambs at 26 d of age, might signal the end of 
steroid-independent proliferation of uterine endometrium. 
Furthermore, Wiley et al. (1987) ' found that endometrial 
glandular formation in 26-d-old lambs was similar to that of 
adult ovine uteri. Also, other studies have indicated ovarian- 
independence of early uterine development in sheep (Wiley et 
al., 1987;. Bartol et al. , 1988b). Osagawara et al. (1983) 
found no difference in uterine growth 2 to 3 wk after birth in 
either neonatally ovariectomized or intact rats, and 
myometrial differentiation began before expression of E2 
receptors by uterine epithelial cells (Bigsby and Cunha, 
1986). Finally, Ostrander et al. (1985) and Iguchi and 
Takasugi (1987) found that exogenous E2 administration in
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utero or during early post-natal life disrupts normal 
myometrial development in mice. Thus, morphological changes 
during development may represent differential tissue 
sensitivity to E2 with increased maturity similar to changes 
described by Gulino et al. (1984) in fetal, neonatal and 
immature guinea pigs.

In conclusion, these studies demonstrate what may be a 
common pattern of differential, tissue-specific sensitivity to 
ovarian steroids within the neonatal uterus. Cellular 
characteristics in the endometrium, such as epithelial cell 
height and proliferation rate, appear to be subject to 
estrogenic regulation in the newborn and early neonate. 
However, tissue-organizational characteristics of uteri, 
including glandular development and gross organ morphogenesis, 
occur independently of steroidal environment in lambs under 6 
wk of age. After this period, uterine morphogenesis is 
relatively complete and the absence of adequate steroidal 
stimulation probably serves to limit further development until 
the puberal transition. Although epithelial tissues in the 
neonate have been shown to be estrogen sensitive (Leifef et 
al., 1972), data regarding steroid-receptor distribution in 
the neonatal ovine endometrium are lacking (Bartbl et al., 
1988a). Further study is currently required to determine 
steroidal requirements for ovine endometrial development 
(Bigsby and Cunha, 1985) and the timing of tissue-specific 
sensitivity to estrogens in the ewe.
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Puberal Development

Some of the foregoing studies have described morphometric 
development of the tubal reproductive organs near or through 
the average age of puberty in sheep (Kennedy et al., 1974) and 
cattle (Desjardins and Hafs, 1969). However, upon review of 
the available literature, it is apparent that information 
relating morphometric patterns of reproductive organs directly 
to the puberal transition is entirely lacking for the species 
previously discussed. Tubal reproductive organ development 
during this period likely contributes to the continued 
reproductive efficiency of the adult and the characteristics 
of normal development during this period require further 
investigation.

Gross and Micromorpholoqic Structure of the Mature Oviduct

Gross and micromorphological features of the oviducts 
have been described in mature humans (Verhage et al., 1979; 
Blandau, 1983; Junqueira et al., 1986), other primates 
(Koering, 1969; Brenner, 1983) , rabbits and cattle -(El-Banna 
and Hafez, 1969) and sheep (Hadek, 1955; Restall, 1966; 
Nilsson and Reinius, 19 69) . The oviduct is a contractile 
muscular tube measuring approximately 10 to 32 cm in most 
precocious species. The distal extremity opens into the 
peritoneal cavity adjacent to the ovary and the proximal
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portion joins with and passes through the uterine wall, 
opening into the lumen of -this organ. This bilateral extension 
of the uterus is suspended by loose mesentery " of the 
mesosalpinx which is a derivative of the broad ligament. 
Functionally, the oviduct captures shed ova and provides an 
appropriate environment for gamete transport, fertilization 
and initial zygotic development.

The oviduct is grossly divided into 4 segments which are 
demarcated by poorly defined limits. The most proximal 
segment, the intermural portion, is situated within the 
uterine wall. The second segment, the isthmus, is formed by 
the region adjacent to the uterus and is generally narrower 
than the third segment, the ampulla. This segment is the most 
dilated tubal region and extends from the isthmus to the 
fourth segment termed the infundibulum * This last portion is 
funnel-shaped and lies adjacent to the ovary. The free margin

i ' •. ■ v .of the infundibulum is highly folded and fluted resulting in 
extensions termed fimbriae.

The oviductal wall is composed of 3 tissue layers: a 
complex mucosa, a compound muscular!s and a serosa of visceral 
peritoneum. Throughout the oviduct the mucous membrane -extends 
into the lumen in a longitudinal series of folds being most 
elaborate within the ampulla. The degree of folding decreases 
progressively towards the uterus so that the intermural 
endometrium is typically reduced to small bulges and 
depressions forming a relatively smooth luminal surface.



27

Physiological Aspects of the Oviduct 

Functional Histology of the Oviduct

The oviduct exhibits a remarkably diverse morphology 
along its length.' In mature ewes, the largest surface area of 
secretory epithelium occurs within the ampulla. This region 
contains the highest level of mucosal folds and many secretory 
cells (Restall, 1965). Restall (1966) and Nilsson and Reinius 
(1969) observed that the epithelium of the ampulla in sheep 
contains both ciliated and nonciliated secretory cells which 
undergo a gradual increase in height during the ovarian cycle, 
reaching a maximum at estrus (25 to 35 /Li) . These authors 
described the presence of cytoplasmic projections on 
nonciliated cells within the ampulla which were not present in 
epithelia of other tubular reproductive organs. Desjardins and 
Hafs (1969) also observed the occurrence of similar structures 
in ampullae of developing heifers; these structures appeared 
to proliferate following the puberal estrous cycle.

Hadek (1955) termed these cellular structures, nucleated 
projections, and divided them into two groups according to 
their position in relation to the cell. The first type remains 
in contact with the cell, forming finger-Iike projections into 
the lumen. The second type includes those which have become 
detached and are lying free within the lumen. Both types give 
a positive Feulgen reaction indicating the presence of nuclear
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material. Unlike the free type, those in contact with the cell 
possess a cytoplasmic covering which faintly reacts with 
pyronin, an acidophilic stain. Nucleated projections and 
cellular desquamation, or shedding of cellular material, were 
also described by McDaniel et al. (1968) during the luteal 
phase of cyclic cows. McDaniel et al. (1968) treated 
ovariectomized cows with progesterone or an estrogen- 
progesterone sequence and found nucleated projections present 
within the ampulla of females in both treatments. These 
structures are most common in the upper ampulla and associated 
with detached extrusions within the lumen in all cows. 
However, ovariectomized cows treated with only estrogen lack 
these structures; indicating their development is not solely 
estrogen dependent, but may be facilitated by the influence of 
progesterone.

This view is in contrast with earlier studies (Casida and 
McKenzie, 1932; McKenzie et al., 1932; McKenzie and Terril, 
1937) which indicated that these structures represented 
holocrine secretory products of the ovine oviduct. There is 
disagreement of a less fundamental nature in these reports as 
to when during the estrous cycle these structures are most 
prevalent; most authors concluded they were most prevalent in 
late diestrus. Variation in the duration of time the authors 
considered each period of the ovine estrous cycle to last may 
account for this discrepancy.

The more proximal isthmus contains a proportionately
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smaller number of nonciliated secretory cells, which differ 
from those of the ampulla by the absence of nucleated 
projections (Hadek, 1955; Restall, 1966; McDaniel et al., 
1968; Nilsson and Reinius, 1969). Average- height of these 
cells is equal to that of isthmic ciliated cells and reaches 
a maximum of 2 0 to 25 jit at estrus in mature ewes. Epithelial 
cell height is not different between the ampulla and the 
ampullary-isthmic junction, but cell height is greater in 
these areas than in the isthmus at any stage of the cycle 
(Restall et al., 1966).

Cyclic variation of epithelial cell height in the ovine 
oviduct begins with an increase during proestrus, reaching 
maximum height at estrus and metestrus, followed by a marked 
decrease during diestrus when they become lowest (Restall, 
1965). Data given by Hadek (1955) strongly supports this 
pattern and stated that cell height was directly related to 
secretory activity of the oviductal mucosa in the ewe.

Morphometric changes in the mucosa can reasonably be 
expected to facilitate conception by providing a beneficial 
fluid environment for the gametes and subsequent embryonic 
development. This view is supported by the fact that secretory 
activity is at a maximum during estrus and metestrus; the 
period during which both ova and sperm are present within the 
ducts and when fertilization normally occurs in the ewe.
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Biochemistry of Oviductal Secretions

Oviductal fluid of rabbits (Olds and VanDemark, 1957) and 
cows (Hamner . and Fox, 1969) is a clear, watery fluid of 
approximately neutral pH. Its specific gravity is slightly 
less than one and its osmolarity ranges from 3 50 to 375 
mosmols with a total dry matter of 13 to 14 %. Constituents of 
oviductal fluid of ewes are: sodium, chloride, potassium, 
magnesium, calcium, phosphate, bicarbonate, carbohydrate, 
lactate, glucose, citrate, lipids and several classes of 
proteins including mucoproteins, glycoproteins and 
mucopolysaccharides (Perkins and Goode, 1966; Restall and 
Wales, 1966; Iritani et al., 1969). Perkins and Goode (1967) 
identified lysine, histidine, arginine, aspartic acid, 
threonine, isoleucine,, tyrosine and phenylalanine as free 
amino acid components of sheep oviductal fluid. Luminal fluids 
in the oviducts of the rabbit, ewe and cow are generally 
similar in nature and composition.

Comparing blood plasma to oviductal fluid in the ewe, 
Restall and Wales (1966) found that plasma contains more 
sodium, calcium, magnesium, bicarbonate and phosphate but less 
chloride and potassium. Hamner and Fox (1969) compared blood 
serum and oviductal fluid in rabbits and found that they do 
not differ in the concentrations of chloride, potassium or 
phosphate, however, ,serum has lower bicarbonate concentration 
and higher concentrations of sodium, calcium, magnesium and
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protein and is more basic relative to oviductal fluid.

Steroidal Regulation of Oviductal Fluid

While composition of oviductal fluids from several 
species has been described, little information is available 
regarding the underlying processes of production. However, it 
is clear that the endocrine status of the female greatly 
influences function of the oviductal mucosa.

Oviductal fluids are formed by the combined processes of 
selective transudation and cellular secretion. At ovulation, 
luminal fluid may contain fluids from the oviduct itself, 
follicular fluid and peritoneal fluid (Hamner, 1972). However, 
David et al. (19 69) reported that fluid accumulates within 
ligated sections of the rabbit oviduct, precluding the 
possibility that the oviduct depends primarily upon the influx 
of peritoneal or follicular fluids for its total fluid volume.

Estrogen, typically stimulates, the volume of fluid 
produced by the mammalian oviduct with the highest yields 
occurring at estrus (Hamner/ 1972) ., Circulatory and lymphatic 
systems have been described within the ovine and bovine 
oviduct which become more extensive under estrogenic 
stimulation (Lombard et al., 1950; Brown et al., 19.74). 
Lutwak-Mann (1962) found that mating triggers fluid formation
within the oviduct of rabbits, with the highest volumes being

'produced immediately before ovulation. Bishop (1956) reported
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an increase in secretory pressure in the rabbit oviduct at 
estrus, followed by a nearly four-fold decrease after 
ovariectomy. Similar findings were reported by Mastroianni et 
al. (1961) and Hamner and Fox (1969) . Furthermore, 
ovariectomized rabbits treated with estrogen show an increase 
in fluid formation equivalent to that of intact animals and 
administration of an estrogen-progesterone sequence reduced 
fluid formation by 50% (Hamner and Fox, 1969; Hamner, 197-2). 
These data indicate that progesterone suppresses an increase 
in fluid formation in the oviduct and counteracts the 
stimulatory effects of estrogen.

Although oviductal fluids provide a media for ova 
transport, direction of flow probably does not play an 
important role in this regard. Edgar and Asdell (1960) and 
Bellve and McDonald (1968) determined that the direction of 
flow opposes the movement of ova at ovulation due to 
uterotubal constriction in the ewe. The volume of fluid 
passing through the infundibulum closely parallels total fluid 
production for each day of the estrous cycle; with peak flow 
occurring the second day after the onset of estrus. This is 
followed by a steady decline in fluid production during the 
remainder of the cycle. Fluid - flow through the intermural

I , 'I - . 1

junction is low, except on Days 3 to 6 of the estrous cycle, 
when as much as one-third of the total oviductal fluid passes 
into the uterus. This period coincides with relaxation of'the 
uterotubal junction and passage of ova or blastocysts into the



uterus (Bellve and McDonald, 1968). During estrus 'and 
metestrus, it is likely that the ampulla serves as the major 
source and reservoir of oviductal fluids due to its larger 
mucosal surface, proportion of secretory cells and more 
distensible muscularis relative to the isthmus.

Along with volume, concentrations of various constituents 
of oviductal fluid change significantly as the hormonal milieu 
changes in ewes (Perkins and Goode, 1966; Restall and Wales, 
1966; Iritani et al. , 1969) . Olds and VanDemark (1957) and 
Restall (1966) reported that considerable variation in 
electrolyte concentrations of oviductal fluids among species 
under the influence of estrogen or progesterone. In intact 
ewes, concentrations of sodium, potassium, calcium and 
chloride were lower at metestrus than at diestrus and 
magnesium concentrations were lowest at estrus. Concentrations 
of total phosphorus, acid-insoluble phosphorus, carbohydrate, 
lactate and protein did not change among stages of the ovine 
estrous cycle, however there was considerable variation within 
the estimates for each stage (Restall and Wales, 1966). Sutton 
et al. (1986) detected a PAS-positive glycoprotein in 
oviductal fluids collected on Days 3 to 6 of the estrous cycle 
in sheep which coincided with the elevated fluid flow rate at 
estrus and metestrus. Hadek (1955) reported that acid 
mucopolysaccharides are secreted in cyclical pattern and are 
most profuse at ovulation..A similar secretory pattern of 
glycerophosphatase suggests that it may provide the cyto-

33
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skeleton for mucopolysaccharide production by the mucosa. 
Hadek (1953) determined that oviductal fluid in intact ewes 
has a pH of 6.8 to 7.0 at estrus and metestrus, 6.0 to 6.4 at 
diestrus and 6.4 to 6.6 at proestrus.

Temporal changes in the pH and constituents of oviductal 
fluid may imply that steroids are involved in their control. 
Several studies have addressed the influence of exogenous 
steroids on fluid composition in oVariectomized females. 
Hamner (1972) reported sodium,- zinc, and phosphate levels in 
oviductal fluid of ovariectomized rabbits are not altered by 
estrogen, progesterone or estrogen-progesterone treatment. 
However, progesterone treatment of estrogen-primed does 
resulted in an increase in calcium, lactate and total protein 
concentrations and a decrease in chloride concentration in 
luminal fluid. Ovariectomized rabbits treated with estrogen 
only, have lower concentrations of magnesium, lactate and 
total protein relative to untreated controls.

It is apparent that fluid volume of the oviduct and 
relative biochemical composition are influenced by ovarian 
steroids. However, much remains to be understood about the 
underlying mechanisms of selective transudation and secretion. 
Gott et al. (1988) have proposed a mechanism regarding 
regulation and formation of rabbit oviductal fluid in terms of 
ion fluxes and calcium ion and cyclic adenosine-31 ,• 5 1 - 
monophosphate (cAMP) concentrations. The proposed process 
consists of several parts. First, chloride ions enter
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epithelial cells across the basolateral membranes via the 
sodium-potassium-chloride cotransporter causing sodium ion 
entry down a favorable electrochemical gradient. Second, 
chloride ions also enter the cell in exchange for bicarbonate 
ions, and as a result of these first two processes, chloride 
ions accumulate within the cell above electrochemical 
equilibrium providing the force to drive them from the cell 
into the lumen. Third, intracellular sodium and potassium ions 
exit across the basolateral membranes via the sodium-potassium 
ATPase, maintaining the electrochemical gradient. Fourth, 
fluid secretion into the lumen is coupled to the dispensation 
of chloride across the apical membrane. Fifth, elevated 
concentrations of cAMP and of calcium ions inhibit the overall 
processes of chloride and fluid secretion into the oviductal 
lumen. A possible physiological role for cAMP in the control 
of fluid formation is suggested, although the biochemical 
mechanisms remain unresolved.

Oviductal Influences on Spermatozoa

Sperm transport in both mature ewes (Hunter.et al. , 1982 ; 
Hunter and Nichpl, 1983) and cows (Hunter and Wilmut, 1984) 
consists of a rapid phase and a slow or sustained phase. 
During the initial rapid phase, sperm which are probably not 
involved in fertilization are present in the proximal isthmus 
within 15 min of deposition. The slow phase is associated with
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a buildup of sperm near the tubouterine junction over a 6 to 
12 h period in domestic species (Parrish et al., 1989). Sperm 
reside in the lower isthmus for approximately 17 to 18 h in 
sheep (Hunter and Nichol, 1983) and 18 to 20 h in cattle 
(Hunter and Wilmut, 1984) and move toward the ampulla again at 
ovulation to meet the ovum near the ampulIary-isthmic 
junction.

Following deposition in the female reproductive tract 
mammalian spermatozoa are not immediately capable of 
fertilizing ova (Austin, 1951; Chang, 1951).,The subsequent 
period of maturation, termed capacitation, involves two 
components: an initial alteration of plasma membrane 
characteristics (Langlais and Roberts, 1985; Wolf et al., 
1986; Yanagimachi, 1988) which allows for the second phase, 
the acrosome reaction,-, in ,which the plasma membrane and the
outer acrosomal membrane fuse (Yanagimachi and Usui, 1974).

‘ ; -The site(s) and causative agents of sperm capacitation 
are not yet well-defined. Bedford (1970) and Barros (1974) 
found that capacitation can occur in the uterus in limited 
cases, but the process is accelerated by sequential exposure 
to the uterus then the oviduct in the rabbit (Adams and Chang, 
1962) and pig (Hunter and Hall, 1974). Considering the amount 
of time spermatozoa reside within the isthmus, Parrish et al. 
(1989) concluded that it is likely that capacitation occurs 
while they are in contact with the extracellular matrix of 
oviduct epithelial cells.
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Several differences in the spermatozoa-oviductal fluid 
relationship that are dependent upon the stage of the estrous 
cycle have been determined. Sutton et al. (1984a) detected a 
glycoprotein in ovine oviductal fluid which is present only on 
the first 3 to 6 d of the estrous cycle. Its molecular weight 
of several million daltons and the amount produced suggests it 
is a structural protein rather than an enzyme or hormone..In 
subsequent work, Sutton et al. (1984b) demonstrated that this
protein and others, present in fluid collected from ewes at 
metestrus, bind to spermatozoa to a greater extent than 
proteins in fluid collected at diestrus. These results are 
supported by the observation of an acrosomal reaction-inducing 
factor in ovine oviductal fluid which is inhibited by a second 
factor during the luteal phase. Parrish et al. (1989)
demonstrated that the bovine oviduct itself can produce a 
sperm capacitating factor which has its highest activity 
during estrus and exhibits both chemical and physical 
properties similar to a heparin-like glycosaminoglycan. This 
would eliminate the requirement of uterine or follicular 
production of a capacitating factor suggested otherwise. No 
studies were found which have characterized and identified a j
sperm capacitating factor, or related its presence to the 
puberal transition in any species. '
' : > ■ ' ' ' ■ : ■ ■ i
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Ovlductal Influences on Oocytes, Ova and Developing Zygotes

Luminal fluids produced by the oviductal mucosa provide 
an environment which promotes the growth and well-being of the 
developing zygote. Adams (1976) reported that premature entry 
of the embryo into the uterus is detrimental to further 
development in domestic species, which may indicate that 
developmental inhibition of the zygote is due to the absence 
of one or more physiological constituents in oviductal fluid 
or a hostile uterine environment.

Little is known regarding the relationship of oocytes 
residing within the ampulla and the ampulIary environment 
before fertilization. However, Oliphant (1986) discussed 
specific glycoproteins which are synthesized by the mammalian 
oviduct and secreted into the luminal fluid. One of these 
proteins, termed oviductin, is produced in the oviduct and is 
progressively added to ova during transit through the hamster 
oviduct (Robitaille et al. , 1988). This and other 
glycoproteins which become associated with ova during 
oviductal transport might play a role in several physiological 
functions. This is supported by the observation of mucin 
accumulation around the zona pellucida of ova of rabbits 
(Oliphant and Ross, 1982), mouse (Kapur and Johnson, 1986) and 
pig (Brown and Cheng, 1985).

Ovum transport through the ampulla has been shown to' 
occur in a comparatively short period of time; approximately
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10 min in the rabbit. (Boling and Blandau, 1971) and 
approximately 45 min in the pig (Hunter, 1974). Harper (1982) 
reported that egg denudation occurs within 5 h in sheep and 14 
h in cattle after ovulation and the 8- to 16-cell embryo 
enters the uterus approximately 70 and 80 h post-ovulation for 
both species. Forcedello et al. (1981) and Villalon et al. 
(1982) showed that the duration of oviductal transport of ova 
differs in cyclic and pregnant rats. Fuentealba et al. (1988) 
found that transport is delayed 24 h in pregnant rats compared 
to nonpregnant rats and confirmed that, in both cases, 
transport is initiated when the activity of estrogen and 
progesterone, measured by nuclear receptor accumulation, is 
declining in the oviduct. Furthermore, the data indicate that 
arrival of embryos into the uterus is mediated by a transitory 
increase in nuclear estrogen receptors in the oviduct that 
does not necessarily reflect a parallel increase in peripheral 
concentrations of estradiol.

""" "Y ,It is likely that ovarian steroids affect oviductal 
transport through regulation of myometrial contraction, the 
activity of cilia and fluid flow characteristics. The 
production and flow of oviductal fluids were discussed 
previously in this section, however it is apparent that these 
fluids can hinder entry of ova into the isthmus due to 
opposing direction of flow and subsequently promote zygote 
movement into the uterus at the appropriate time due to 
relaxation of the tubouterine sphincter under progestogenic
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influence (Bellve and McDonald, 1968).

It remains unclear if ciliary activity alone can provide
. ■ ' / ' ..the propulsive' force required for oviductal transport. McComb 

et al. (198 0) found that ova are not transported through a
surgically reversed a segment of the rabbit oviduct in which
the cilia, beat toward the ■ ovary rather than in the usual

, : ' ■ ■orientation toward the uterhs. However, Dickmann (1961) 
demonstrated that ova can be transported through polyethylene 
tubes inserted in the oviduct of rabbits, clearly without the 
influence of ciliary action. Some evidence indicates an 
interaction between oviductal cilia and the cumulus oophorus 
of ova from rabbits (Harper, 1988) and sheep (Bennett and 
Rounson, 1961). No studies were found regarding these
characteristics and their relationship to the puberal and 
subsequent estrous cycles for any species.

In summary, it is apparent that the oviduct plays a 
central role in conception and pregnancy by providing the 
environment in which maturation of gametes, fertilization and 
subsequent embryonic development take place before uterine 
implantation. Although species-related differences exist, it 
appears that there is, more commonly, a redundancy of these 
mechanisms of which none can be identified as. a unifying 
factor in regulation of the general processes.
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STATEMENT OF THE PROBLEM

In light of current sheep management practices, ewe lambs 
to be used as breeding stock are commonly required to become 
puberal and pregnant by 8 to 9 mo of age. Typically an attempt, 
is made to first breed ewe lambs at the puberal estrus which 
has been shown to have a decreased potential for the 
development of term pregnancies. , This practice may limit 
overall efficiency in the production operation.

Decreased fertility associated with the puberal estrus in 
ewes may reflect transitional inadequacies of the environment 
that the genital tract provides to sperm and ova. Exposure of 
the oviduct and uterus to cyclic patterns of ovarian steroids 
may induce maturationai events which manifest themselves in a
higher degree of fertility associated with post-puberal

1 *,
estrous periods. During the transition from the prepuberal to 
the sexually mature state, development of the reproductive 
organs likely contributes to an increase in the reproductive 
potential in the ewe.

As stated in the review of the literature, information 
relating morphometric and histomorphometric development of the 
reproductive organs directly to the puberal transition is hot 
available. Therefore the objectives of this thesis were:
I) to elucidate changes in gross and micromorphological 
characteristics of the oviduct and uterus in prepuberal ewe 
lambs, ewe lambs that have exhibited first or third estrus and
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in mature ewes, and 2) to evaluate the effects of exogenous 
estradiol benzoate on gross and micromorphological 
characteristics of the oviduct and uterus of ovariectomized 
prepuberal ewe lambs, ewe lambs that have exhibited first or 
third estrus and in mature ewes.
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MATERIALS AND METHODS

Animals and Husbandry

Spring-born Einn x Suffolk ewe lambs were located at the 
Fort Ellis Research Station, Bozeman, MT from late October, 
1987 through early January, 1988 for Trial I and during the 
same months in 1988-1989 for Trial 2. Additionally, 16 6-yr- 
old pluriparous Rambouillet ewes were managed 
contemporaneously with the ewe lambs' in Trial 2. Ewes in both 
Trials were maintained in a single pasture and fed mixed-grass 
hay ad libitum supplemented with 50:50 (w/w) oat-alfalfa 
pellet mix at approximately 0.40 kg -hd"1 • d"1 and allowed free 
access to mineralized salts and water. Ewes in both trials 
were observed for behavioral estrus two to five times daily 
with the aid of epididyectomized teaser rams fitted with 
marking harnesses. Ewes lambs were approximately 6.5 mo of age 
and averaged' 34 kg and 40 kg in bodyweight (BDW) at the 
beginning of Trial I and Trial 2, respectively. Mature ewes 
averaged 59 kg.

Treatments

In each Trial, ewe lambs representing three states of 
reproductive maturity (RS) were assigned randomly to undergo 
surgical procedures for excision of reproductive tracts:
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prepuberally (PP: Trial I, n = 7; Trial 2, n = 3), at first 
estrus (FE: Trial I, n = 9; Trial 2, n =. 4) or third estrus 
(TE: Trial I, n = 8; Trial 2, n = 4). In both trials, 
reproductive tracts from ewes that exhibited first or third 
estrus and, in Trial 2, reproductive tracts from mature ewes 
(ME; n = 4) were collected 26 ± 2 h after the onset of estrus. 
Only ewes which did not have CL in their ovaries were used in 
the PP groups. Only,ewes that exhibited two consecutive 15 to 
18 d estrous cycles were used in the TE groups.

In Trial 2, ewe lambs representing the ■ same states of 
reproductive maturity as above were ovariectomized 
prepuberally (PPO, n = 4) or 24 ± 2 h after the onset of first 
(FEO, n = 4) or third estrus (TEO, n = 3). Mature ewes (n = 
12) were ovariectomized 24 ± 2 h after the onset of estrus. 
Five d after ovariectomy, ewe lambs and six mature ewes (MEO) 
were injected i.m. with estradiol benzoate (EB, 0.01 Mg•kg"1 
BDW in 2 ml corn oil) and the remaining ovariectomized mature 
ewes (MEC, n = 6) were injected with corn oil (2 ml) . 
Ovariectomized lambs and mature ewes were hysterectomized 24 
± 2 h after injection.

Surgical Procedures

In Trials I and 2, ewes were removed from feed and water 
I d before surgery. A surgical plane of anesthesia was induced 
with an i.v. injection of thiamyl sodium (4% solution) and
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maintained with halothane (1.5 to 3.0%). Reproductive tracts 
were exteriorized via a mid-ventral laparotomy.

In Trials I and 2, the ovaries were examined for 
follicular diamaters and numbers, and luteal structures. At 
ovohysterectomy in both Trials and at both surgeries in 
ovariectomized ewes in Trial 2, in situ diameters of oviducts 
and uteri were obtained with a vernier caliper at seven 
locations: left and right oviducts at the midpoint of each 
ampulla (AMPD) and isthmus (ISTD); 1.5 cm anterior to the 
external bifurcation of the left and right uterine cornua 
(UTCD); and 2.0 cm posterior to the internal bifurcation 
(uterine body, UTBD).

In Trial I, left and right oviducts were excised after 
ligations were placed distally to each uterine horn, 
ampulIary-infundibular junction and around oviductal arteries 
and veins. Oviducts were rinsed with warm physiological saline 
and maintained at 37 0 C for approximately 6 min. Uterine 
vasculature was ligated proximal to the cervico-uterine 
junction with umbilical tape. The uterus, ovaries and related 
membranes were removed at the cervico-uterine junction, rinsed 
with warm physiological saline (.9%) and maintained at 37° C 
within saline-saturated gauze sponges on a slide warming 
plate.

At ovariectomy in Trial 2, in situ diameters were 
obtained before ligation of ovarian vasculature and careful 
excision of the ovaries. The reproductive tract was then

I
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rinsed with warm physiological saline (9%) and replaced into 
the abdomen.

Ovohysterectomy and hysterectomy in Trial 2 were 
performed in a similar manner as in Trial I, however, the 
oviducts were not separated from the uterus before removal.

Gross Morphometric Measurements

Procedures used to measure the gross morphometric 
characteristics of oviducts and uteri were the same in Trials 
I and 2. A list of these characteristics and their respective 
abbreviations, used in the remainder of this thesis, are given 
in Table I. Each oviduct was dissected free of supporting 
connective tissue membranes. Excess external moisture was 
removed by blotting the oviduct on five separate dry regions 
of a rubber dissecting mat and oviductal wet weight (OVDW) was 
recorded. . •

Total oviductal length and lengths of the ampulIary and 
isthmic segments were measured by wetting the engraved scale 
of a Fisher Histo-path glass plate with warm physiological 
saline and pulling the oviduct through the saline pool by the 
isthmic end until the ampulIary terminus reached the zero 
point of the scale. An overall length (OVDL) was recorded. The 
length from the ampulIary terminus to the ampulIary-isthmic 
constriction was recorded as ampulla length (AMPL). Isthmus 
length (ISTL) was recorded as the difference between OVDL and
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AMPL. Uteri were dissected free of all supporting connective 
tissue membranes and excess external moisture was removed 
using the same procedure as given for oviducts, and wet 
weights of uteri (UTWT) were recorded.

Table I. List of abbreviations for gross morphometric
characteristics of oviducts and uteri.

Abbreviation . Characteristic
AMPD diameter of ampullae
' ISTD . . diameter of isthmi

, UTCD diameter of uterine cornua
UTBD diameter of uterine bodies
OVDL length of oviducts
AMPL length of ampullae
ISTL length of isthmi
OVWT1 weight of oviducts
UTWT weight of uteri

Histometric Measurements

Tissue samples for histometric evaluation were collected 
from each ewe at ovohysterectomy or hysterectomy in Trial 2. 
After length and weight measurements of the reproductive 
tracts were recorded, tissue samples of approximately 5 mm in 
thickness were collected from ten locations: at one-third and
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two-thirds the length of the left and right ampullae; at one- 
third and two-thirds the length of the left and right isthmi; 
and 2.0 ± .2 cm anterior to the tubouterine junctions of the 
left and right uterine cornua. Distances from the distal 
terminus to the sample locations were recorded.

Samples were immediately placed in Millonig's phosphate- 
buffered formalin solution (pH 7.0) for approximately 24 h for 
tissue fixation. Tissues were stored.in 70% ethanol until all 
samples were collected, then processed through a Tissue-Tek 
1000 vacuum infiltration processor. Samples were then embedded 
in Surgi-Path mounting paraffin (56° C mp) and sectioned at 7 
jinn on an American Optical rotary microtome. Approximately 3 0 
sections per sample were mounted and stained with laboratory 
grade Lerner-2 hematoxylin and eosin-Y counterstain. 
Coverslips were mounted with picolyte-xylene mounting media.

'Photomicrographs of each tissue sample were obtained for 
histologic evaluation. Three photomicrographs were taken of 
each ampulIary sample: one (33.25X or 50X) encompassing the 
entire cross section and two others (500X), representing two 
separate regions of mucosal epithelia. Two photomicrographs 
were taken of each isthmic and cornual sample: one (50X and 
3.67X, respectively)'• encompassing the entire cross section and 
one (500X) representing the mucosal epithelia.

Histometric measures of the photomicrographs were 
obtained through an informational digitization process for 
which a detailed description appears in Appendix I. These
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characteristics and their respective abbreviations, used in 
the remainder of this thesis are given in Table 2. Cross 
sections of ampullae, isthmi and uterine cornua were measured 
for: I) area included within the outer perimeter (OAREA), 2) 
area included within the inner perimeter of the muscularis 
(!AREA), and 3) the linear-circumferential distance of the 
mucosal-Iumenal boundary (LUMDIST). Area of the muscularis 
(MAREA) was calculated by subtraction of 2 from I. Number of 
major plical folds (FOLDS) were recorded for ampullae. The 
following measurements for mucosal epithelia of ampullae, 
isthmi and uterine cornua were obtained for: I) number of 
nuclei per mm, 2) cell height (CHEIGHT), 3) nuclear height 
(NHEIGHT) and 4) nuclear width (NWIDTH). Number of nuclei per 
mm was corrected for section thickness using methods described 
by Abercrombie (1946) . From the epithelial measurements listed 
above and calculations described in Appendix 2, the following 
variables of the mucosal epithelia were derived: I) cell width 
(CWIDTH), 2) cell volume (CVOL), 3) nuclear volume (NVOL), 4) 
ratio of nuclear volume and cell volume (RATIO), 5) number of 
cells per mm2 of lumenal surface (CSQUARE), 6) nuclear volume 
(NVOLSQ) and 7) cell , volume per mm2 of lumenal surface 
(CVOLSQ), 8) total surface area of the ampullae and isthmi 
(SEGAR) and 9) total number of cells per ampulla and isthmi 
(CELLSEG). These parameters were derived for the purpose of 
quantitatively characterizing histomorphic changes associated 
with oviducts and uteri of ewes during the puberal transition.



50
Table 2. List of abbreviations for histometric characteristics 
of oviducts and uteri.

Abbreviation Characteristic
CHEIGHT height of epithelium
CWIDTH width of epithelial cells
NHEIGHT height of epithelial nuclei
NWIDTH width of epithelial nuclei
CVOL volume of epithelial cells
NVOL volume of epithelial nuclei
CVOLSQ volume of epithelium per mm2 surface area
NVOLSQ volume of epithelial nuclei per mm2 surface area
RATIO ratio of epithelial nuclear to cell volumes
OAREA area within the outer perimeter of the muscularis
!AREA area within the inner perimeter of the muscularis
MAREA area of the muscularis
LUMDIST circumference of the lumen
FOLDS - : , number of majori plical folds
CSQUARE number of cells per mm2 surface area
SEGAR area of the segment
CELLSEG number of cells per segment
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Statistical Analyses

Gross Morphometry

Gross morphometric data .were initially analyzed by 
separate analyses of variance for each RS within each trial 
using the General Linear Models procedure of SAS (SAS, 1987). 
These analyses were performed to determine if there were 
differences for side of the reproductive tract. In Trial I, 
dependent variables for all ewes at ovohysterectomy were AMPD, 
ISTD, UTCD, UTBD, OVDL, AMPL, ISTL, OVDW and UTWT. In Trial 2, 
in situ diameters obtained at ovohysterectomy and at 
ovariectomy for EB-treated ewes were tested within each RS in 
one analysis. Then, OVDL, AMPL, ISTL, OVDW, UTWT obtained from 
untreated ewes and EB-treated ewes were analyzed separately 
within each RS. Side of reproductive tract was the dependent 
variable for each analysis. Side did not affect (P>.10) any 
dependent variable in either year, therefore, the average of 
the left and right values of AMPL, ISTL, UTCD, OVDL, AMPL, 
ISTL and OVDW were used with UTBD and UTWT in further 
analyses.

In order to determine if there were trial differences for 
gross morphometric characteristics only data from RS common to 
both trials were used, therefore, data from mature ewes and 
from EB-treated ewes at hysterectomy in Trial 2 were 
eliminated from the following analyses. Data were analyzed by



52
analyses of variance using the General Linear Models procedure 
of SAS (SAS, 1987) . The model included trial, RS and the trial 
by RS interaction as independent variables and AMPD, ISTD, 
UTCD, UTBD, OVDL, AMPL, ISTL,' OVWT and UTWT were the dependent 
variables. Means were compared by PDIFF procedure of SAS (SAS, 
1987).

Data for gross morphometric characteristics from EB- 
treated ewes at hysterectomy were analyzed by analyses of 
variance using the General Linear Models procedure of SAS 
(SAS, 1987). The independent variable was RS and dependent 
variables were AMPD, ISTD, UTCD, UTBD, OVDL, AMPL, ISTL, OVWT 
and UTWT. Means were compared by PDIFF procedure of SAS (SAS, 
1987).

In a separate analysis for mature ewes, AMPD, ISTD, UTCD, 
UTBD, OVDL, AMPL, ISTL, OVWT and UTWT at ovohysterectomy in ME 
ewes and at hysterectomy in MEO and MEC ewes were analyzed by 
analyses of variance using the General Linear Models procedure 
of SAS (SAS, 1987) . The independent variable was treatment 
(ME, MEO and MEC). Means were compared by PDIFF procedure of 
SAS (SAS, 1987).

Correlation coefficients (Correlation procedure; SAS, 
1987) within PP, FE and TE ewes were generated among gross 
morphometric characteristics which were combined over Trials 
I and 2 for previous analyses. Correlation coefficients were 
also obtained among gross morphometric characteristics within 
EB-treated PPO, FEO, TEO, ME, MEO and MEC ewes in Trial 2.
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Histometrv

Histometric data obtained in Trial 2 were analyzed by 
analyses of variance for a completely randomized design using 
the General Linear Models procedure of SAS (SAS, 1985). Means 
were compared by PDIFF procedure of SAS (SAS, 1987) . Data from 
ovohysterectomized ewes and EB-treated ewes were analyzed 
separately, except .in the case of data for mature ewes in 
which separate analyses were conducted that included ME, MEO 
and MEC ewes as treatments. Data for uterine, isthmic and 
ampulIary tissues were analyzed independently.

Uterus. Dependent variables for uterine cornua; CHETGHT, 
CWIDTH, NWIDTH, NHEIGHT, NVOL, CVOL, RATIO, CSQUARE, NVOLSQ, 
CVOLSQ, LUMDIST, OAREA, INAREA and MAREA for untreated or EB- 
treated ewes were analyzed initially with side of reproductive 
tract, reproductive state and their interaction as independent 
variables. Side did not affect (P>.10) any dependent variable 
for untreated or EB-treated ewes for any RS. Left and right 
values of these variables were then pooled, averaged and 
analyzed by an analysis of variance which included 
reproductive state as the independent variable. Data for 
mature ewes were analyzed in a separate analysis with 
treatment as the independent variable.

Correlation coefficients■among uterine CHEIGHT, NWIDTH, 
NHEIGHT, LUMDIST, OAREA, INAREA and MAREA were obtained
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(Correlation procedure; SAS, 1987) within each RS for
untreated and EB-treated ewes and within each treatment in 
mature ewes.

Isthmus. Dependent variables for isthmi; CHEIGHT, CWIDTH, 
NWIDTH, NHEIGHT,.NVOL, CVOL, RATIO, CSQUARE, NVOLSQ, CVOLSQ, 
LUMDIST, OAREA, INAREA, MAREA, SEGAR and CELLSEG were 
initially analyzed within each reproductive state in untreated 
or EB-treated ewes. The models included sample location (i.e.,■ 
at one- and two-thirds the length of the segment) and side of 
reproductive tract and the location by side interaction. Error 
terms were sample location within side within animal for 
sample location and side within animal for side.

For isthmi of untreated or EB-treated ewes, CHEIGHT, 
CWIDTH, NHEIGHT, NWIDTH, CVOL, NVOL, RATIO, CSQUARE, NVOLSQ, 
LUMDIST, OAREA, INAREA, MAREA, SEGAR and CELLSEG, were not 
affected (P>.10) by sample location or the sample location by 
side interaction within any RS, therefore, values for sample 
locations were pooled and averaged for each side. The model 
included reproductive state, side and their interaction. The 
error term for RS was animal within RS.

Sample location did affect (P<.05) cell volume per mm2 
surface area in untreated TE and EB-treated PPO ewes and the 
model used for analysis of CVOLSQ included RS, side, sample 
location, their two-way interactions and the three-way 
interaction. Error terms were animal within RS for RS, side
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within animal within RS for side and the RS by side 
interaction.

For mature ewes, CHEIGHT, CWIDTH, NWIDTH, NHEIGHT, CVOL, 
NVOL, RATIO, CSQUARE, CVOLSQ,. ,NVOLSQ, LUMDIST, OAREA, INAREA, 
MAREA, SEGAR and CELLSEG were not affected (P>.10) by sample 
location or the sample location by treatment interaction, 
therefore, the data were pooled as above and the model 
included treatment, side and their interaction.

For isthmic CHEIGHT, NWIDTH, NHEIGHT, LUMDIST, OAREA, 
INAREA and MAREA, subclass correlation coefficients were 
obtained (Correlation procedure; SAS, 1987) within each RS for 
untreated and EB-treated ewes and within each treatment in 
mature ewes.

Ampulla. Dependent variables in the ampullae were the 
same as those in the isthmi with the addition of FOLDS. 
Ampullary characteristics were initially analyzed within each 
RS using the same model as given for the isthmi.

In ampullae of untreated ewes, CHEIGHT, CWlDTH, NHEIGHT, 
NWIDTH, CVOL,. NVOL, RATIO, CSQUARE, CVOLSQ, CVOLSQ, OAREA, 
INAREA, MAREA, FOLDS, LUMDIST, SEGAR and CELLSEG were not 
affected (P>.10) by sample location or the sample location by 
side interaction within any RS. In ampullae of EB-treated 
ewes, CHEIGHT, CWIDTH, NHEIGHT, NWIDTH, CVOL, NVOL, RATIO, 
CSQUARE, NVOLSQ, CVOLSQ, OAREA, !AREA, MAREA, FOLDS, SEGAR and 
CELLSEG were not affected (P.10) by sample location or the



56

sample location by side interaction in any RS. Therefore, in 
untreated or EB-treated ewes, data for these characteristics 
were pooled over the sample locations and averaged for each 
side. The model included reproductive state, side and their 
interaction.

Sample location did affect (P<.05) LUMDIST in EB-treated 
MEO ewes, therefore, this characteristic was analyzed with RS, 
side, sample location, their two-way interactions and the 
three-way interaction included in the model. Error terms were 
animal within RS for RS, side within animal within RS for side 
and the RS by side interaction. ,

For mature ewes, CHEIGHT, CWIDTH, NHEIGHT', NWIDTH, CVOL, 
NVOL, RATIO, CSQUARE, CVOLSQ, NVOLSQ, OAREA, -IAREA, MAREA,

' ■ s ■ : -FOLDS, SEGAR and CELLSEG were analyzed with treatment and side 
of the reproductive tract and their interaction in the model. 
Sample location did affect (P<.05) LUMDIST in MEO ewes. This 
variable was analyzed with treatment, side, sample location, 
their two-way interactions and the three-way interaction 
included the model. Error terms were animal within treatment 
for treatment, side within animal within treatment for side 
and the treatment by side interaction.

Forampullary CHEIGHT, NWIDTH, NHEIGHT, LUMDIST, FOLDS, 
OAREA, INAREA and MAREA, correlation coefficients were 
obtained (Correlation procedure; SAS, 1987) within each RS for 
untreated and EB-treated ewes and within each treatment in
mature ewes.
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Ovaries. Ovarian data at ovohysterectomy or ovariectomy 

for prepuberal ewes, ewes which had exhibited first or third 
estrus and mature ewes in Trials I and 2 were pooled. 
Contingency chi-square analyses was used to analyze 
proportions of each RS of cycling ewes which had ovulated, as 
indicated by presence of corpus hemorrhagica, at 24 ± 2 h 
after onset of estrus.

Numbers of follicles visible on ovarian surfaces of ewes 
in Trials I and 2 were pooled into three classes for each RS; 
I) those less than 2.0 mm diameter, 2) those between 2.0 and 
4.0 mm in diameter and 3) those greater than 4.0 mm in 
diameter. Analysis of variance (General Linear Models 
procedure; SAS, 1987) was used to analyze follicular data 
within each RS and least squares means were compared with the 
PDIFF procedure of SAS (SAS, 1987).
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RESULTS

Gross Morphometry

Diameters of ampulla, isthmi and uterine cornua and 
lengths of oviducts, ampullae and isthmi, and weights of 
oviducts and uteri in untreated PR, FE or TE ewes did not 
differ (P>.05) between Trials I and 2, therefore, the data for 
each characteristic were pooled.

Diameters of ampullae and uterine cornua and uferine 
bodies were smallest (P<. 05) in PP ewes and they did not 
differ (P>.05) between FE and TE ewes, however, they were 
smaller (P<. 05) in these, ewes than AMPD, UTGD and .UTBD in ME 
ewes (Table 3). Isthmic diameters did not differ (P>.05) 
between PP and FE ewes, but they were smaller (P<. 05) in these 
ewes than in TE ewes and ISTD was largest (P<.05) in ME ewes 
(Table 3). Uterine weights increased progressively (P<.05) 
among PP, FE, TE and ME ewes (Table 3). However, lengths of 
oviducts, ampullae and isthmi and oviductal weights did not 
differ (P>.05) among PP, FE and TE ewes, but these lengths 
were largest (P<.05) in ME ewes (Table 3).

Uterine body diameters for Trial I were larger. (P<.05) 
than those in Trial 2 (X ± SD, 2.284 ± .06 and 1.987 ± .06, 
respectively).

For EB-treated ewes in Trial 2, ampulIary and isthmic 
diameters and lengths of oviducts, ampullae and isthmi arid



Table 3. Least squares means for diameters of ampullae (AMPD), isthmi (ISTD), uterine 
cornua (UTCD) and bodies (UTBD), lengths of oviducts (OVDL), ampullae (AMPL), isthmi 
(ISTL), and weights of oviducts (OVWT) and uteri (UTWT) at ovohysterectomy in untreated
prepuberal ewes (PP) and ewes that exhibited first (FE) or third estrus (TE).

(cm) (g)

AMPD ISTD UTCD UTBD OVDL AMPL ISTL OVWT UTWT

PP 0.200a 0.131® 0.783® 1.464® 13.9® 8.0® 5.9® 0.431® 7.989®
FE 0.222b 0.133® I.160b 2.442b 14.4® 8.5® 5.8® 0.568® 27.233b
TE 0.230b 0.154b I.266b 2.502b 15.1® 8.6® 6.3® 0.581® 33.285=
ME 0.277= 0.217= 1.981= 3.202= 19.8b 12.7b 7.2b I.092b 76.436d

SD 0.021 0.023 0.280 0.280 1.3 1.2 1.0 0.119 5.752
a,b,Cjyleans within columns with different superscripts differ at P<.05.
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ovidlictal weights did not differ (P>. 05) between PPO, FEO and 
TEO ewes at hysterectomy, however, these variables were 
smaller (P<.05) than those in MEO ewes (Table 4). Uterine 
cornu and body diameters and uterine weights were smallest 
(P<. 05) in PPO ewes, did not differ (P>. 05) between FEO and 
TEO ewes and they were largest (P<.05) in MEO ewes (Table 4).

In mature ewes in Trial 2, diameters of isthmi and 
uterine bodies were larger (P<.05) in EB-treated MEO ewes than 
in ME ewes and were smallest (P<.05) in corn oil-treated MEC 
ewes (Table 5). Uterine cornual diameters and uterine weights 
were larger (P<.05) in ME ewes at ovohysterectomy than those 
in MEO ewes at hysterectomy and these variables were smallest 
(P<.05) in MEC ewes at hysterectomy (Table 5). However, 
ampulIary diameters did not differ (P>.05) between ME and MEC 
ewes but they were smaller (P<.05) in both groups relative to 
AMPD in EB-treated MEO ewes (Table 5). Lengths of oviducts, 
ampullae and isthmi or oviductal weights were not different 
(P>.05) among ME, MEO and MEC ewes (Table 5).

Correlations among gross morphological characteristics 
for untreated prepuberal ewes and ewes that exhibited first or 
third estrus in Trials I and 2 are given in Table 6. Diameters 
of ampullae were positively correlated (P<.05) with isthmic 
diameters in PP and TE ewes. However, ampulIary or isthmic 
diameters were not correlated (P>.05) with any other 
characteristic in PP, FE or TE ewes. Uterine cornual diameters 
were positively correlated (P<.05) with UTBD and UTWT in PP



Table 4. Least squares means for diameters of ampullae (AMPD), isthmi (ISTD), uterine
cornua (UTCD), uterine bodies (UTBD), lengths of oviducts (OVDL), ampullae (AMPL),
isthmi (ISTL), and weights of oviducts (OVWT) and uteri (UTWT) at hysterectomy in Es
treated prepuberal ewes (PPO), ewes that exhibited first (FEO) or third estrus (TEO) and
mature ewes (MEO) in Trial2.

(cm) (g)

AMPD ISTD UTCD UTBD OVDL AMPL ISTL OVWT UTWT

PPO 0.243* 0.181* 0.911* 1.990* 14.4* 8.0* 6.3* 0.702* 9.929*
FEO 0.228* 0.163* I.219b 2.293b 14.5* 8.7* 5.3* 0.642* 24.690b
TEO 0.227* 0.171* I.267b 2.396b 14.0* 7.9* 6.0* 0.756* 31.305b
MEO 0.332b 0.234b 1.754= 3.642° 18.2b (0COO r-1 7.4b I.348b 64.730°

SD 0.044 0.033 0.172 0.217 3.2 2.3 1.4 0.311 4.860
a<b'cMeans within columns with different superscripts differ at P<. 05.



Table 5. Least squares means for diameters of ampullae (AMPD), isthmi (ISTD), uterine
cornua (UTCD), uterine bodies (UTBD), lengths of oviducts (OVDL), ampullae (AMPL),
isthmi (ISTL), and weights of oviducts (OVWT) and uteri (UTWT) in mature ewes at
ovohysterectomy (ME) and at hysterectomy in mature ewes treated with either estradiol
benzoate (MEO) or corn oil (MEC) in Trial 2.

(cm) (g)

AMPD ISTD UTCD UTBD OVDL AMPL ISTL OVDW UTWT

ME 0.277* 0.217* 1.981* 3.202* 19.8 12.7 7.2 1.092 76.463*
MEO 0.332" 0.234" 1.754" 3.642" 18.2 10.8 7.4 1.348 64.730"
MEC 0.269* 0.179c 1.488° 2.358° 19.0 11.1 7.9 1.098 44.488°

SD 0.044 0.035 0.197 0.372 3.5 2.8 1.5 0.349 12.777
a,b.cMeans within columns with different superscripts differ at P<. 0 5.
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Table 6. Correlations among diameters of ampullae (AMPD), 
isthmi (ISTD), uterine cornua (UTCD) and bodies (UTBD), 
lengths of oviducts (OVDL), ampullae (AMPL), isthmi (ISTL), 
and weights of oviducts (OVWT) and uteri (UTWT) for untreated 
prepuberal ewes (PP) and ewes that exhibited first (FE) or 
third estrus (TE).

ISTD UTCD UTBD OVDL AMPL ISTL OVWT UTWT

AMPD PP . 82* . 28 . 06 -.08 -.09 . 05 . 11 . 12
FE . 39 .23 .23 -.21 -.23 -.08 . 07 .23
TE . 58* . 18 .21 . 07 -.28 .27 . 05 -.02

ISTD PP -.18 -.41 . 15 . 06 . 06 . 02 -.24
FE . 55 -.19 .22 . 37 -.13 . 15 .31
TE .56 -.14 .29 . 12 . 06 . 09 . 03

UTCD PP .75* -.24 -.37 .31 . 54 . 89*
FE -.24 . 19 .33 -.12 .21 . 64*
TE .32 . 67* .49 .31 .44 .54

UTBD PP -.04 -.22 . 32 .43 .72*
FE -.10 -.15 . 06 . 05 -.22
TE . 18 — .02 .20 .21 . 59*

OVDL PP . 79* -.21 . 37 -.42
FE .78* .59* . 53 .43
TE . 69* . 64* .55 .54

AMPL PP -.76* .24 -.67
FE . 02 .49 .25
TE . 00 .48 .49

ISTL PP . 02 . 66
FE .25 . 36
TE .41 . 19

OVWT PP . 32
FE . 64*
TE .71*

* P<.05
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ewes, UTWT in FE ewes and with OVDL in TE ewes. Uterine 
cornual diameters were not correlated (P>.05) with any other 
characteristic in PP, FE or TE ewes. Uterine body diameters 
were positively correlated (P<. 05) with UTWT in PP and TE 
ewes, but they were not correlated (P>. 05) with any other 
characteristic in PP, FE or TE ewes. Oviductal lengths were 
positively correlated (P<. 05) with AMPL in PP, FE and TE ewes 
and with ISTL in FE and TE ewes, but OVDL was not correlated 
(P>.05) with any other characteristic in PP, FE or TE ewes. 
Ampullary lengths were negatively correlated (P<.05) with ISTL 
in PP ewes, however, AMPL was not correlated (P>.05) with any 
other characteristic in PP, FE or TE ewes. Oviductal and 
uterine weights were positively correlated (P<.05) in FE and 
TE ewes, but these characteristics were not correlated (P>.05) 
in PP ewes. . ,

Correlations among gross morphological characteristics 
for EB-treated prepuberal ewes, ewes that exhibited first or 
third estrus and mature ewes at hysterectomy in Trial 2 are 
given in. Table 7. Diameters of ampullae were negatively 
correlated (P<. 05) with OVWT in PPO ewes and AMPL in FEO ewes, 
but AMPD was positively correlated (P<.05) with OVWT in TEO 
ewes and ISTD in MEO ewes. Ampullary diameters were not 
correlated (P>.05) with any other characteristic in PPO, FEO, 
TEO or MEO ewes. Isthmic diameters were positively correlated 
(P<.05) with OVWT in TEO ewes and ISTL in MEO ewes, however, 
ISTD was not correlated (P>.05) with any other characteristic
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Table 7. Correlations among diameters of ampullae (AMPD), 
isthmi (ISTD), uterine cornua (UTCD) and bodies (UTBD), 
lengths of oviducts (OVDL), ampullae (AMPL), isthmi (ISTL), 
and weights of oviducts (OVWT) and uteri (UTWT) for estradiol 
benzoate-treated prepuberal ewes (PPO), ewes that exhibited 
first (FEO) or third estrus (TEO) , and mature ewes (MEO) in 
Trial 2.

ISTD UTCD UTBD OVDL AMPL ISTL OVWT UTWT
AMPD PPO -.36 .24 . 05 . 09 -.11 .24 -.73* -.22

FEO . 55 . 15 -.42 -.63 -.72* . 15 .29 .91
TEO . 56 -.01 -.08 -.25 — .54 . 04 .81* . 37
MEO . 69* .47 . 66 .21 . 09 .39 .27 . 77

ISTD PPO . 24 .28 -.09 -.12 -.05 .28 . 53
FEO . 17 -.77 -.55 — .54 -.10 .44 .87
TEO .48 -.47 -.57 -.52 -.56 .79* .41
MEO .41 . 15 .35 . 15 . 63* .52 . 60

UTCD PPO .78 .80* . 65 .81* .24 .91
FEO -.74 -.30 . 84 . 52 . 06 -.73
TEO — .23 -.32 .02 -.59 .48 . 66
MEO .43 . 18 . 05 .37 . 28 . 64

UTBD PPO .99* .96* .97* . 35 .96*
FEO .94 .84 . 52 . 06 -.73
TEO . 59 .58 . 68 . 08 . OS
MEO . 02 -.03 . 13 -.14 .49

OVDL PPO .91* .94* . 50 .97*
FEO .91* .37 -.11 -.91
TEO .77* . 85* -.51 -.83
MEO .94* .71* .89* .36

AMPL PPO .71* .48 .91
FEO -.05 -.36 -.92
TEO . 40 -.57 -.39
MEO .42 .79* . 07

ISTL PPO .45 I. 00*
FEO .51 -.17
TEO -.31 -.66
MEO .73* .83*

OVWT PPO . 60
FEO . 19
TEO .29
MEO .44

* P<.05
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in PPO, FEO, TEO or MEO ewes. Uterine cornual diameters were 
positively correlated (P<. 05) with OVDL and ISTL in PPO ewes, 
but UTCD was not correlated (P>. 05) with any other 
characteristic in PPO, FEO, TEO or MEO ewes. There was a high 
positive correlation (P<.05) between UTBD and OVDL, AMPL, ISTL 
and UTWT in PPO ewes, however UTBD was not correlated (P>.05) 
with any other characteristic in PPO, FEO, TEO and MEO ewes. 
Oviductal lengths were positively correlated (P<.05) with AMPL 
in PPO, FEO, TEO and MEO ewes, ISTL in PPO, TEO and MEO ewes, 
OVWT in MEO ewes and UTWT in PPO ewes. Oviductal lengths were 
not correlated (P>.05) with any other characteristic in PPO, 
FEO, TEO and MEO ewes. Ampullary lengths were positively 
correlated (P<. 05) with ISTL in PPO ewes and OVWT in MEO ewes, 
but AMPL was not correlated (P>. 05) with any other 
characteristic in PPO, FEO, TEO and MEO ewes. Isthmic lengths 
had a high positive correlation (P<.05) with UTWT in PPO ewes 
and OVWT and UTWT in MEO ewes, however ISTD or OVWT were not 
correlated (P>.05) with any other characteristic in PPO, FEO, 
TEO and MEO ewes.

Correlations among gross morphological characteristics 
for untreated mature ewes at ovohysterectomy and mature ewes 
treated with either EB or corn oil at hysterectomy in Trial 2 
are given in Table 8. Ampullary diameters were positively 
correlated (P<.05) with UTCD in ME ewes and ISTD in MEO ewes,, 
but AMPD was not correlated (P>. 05). with any other 
characteristic in ME, MEO or MEC ewes. Isthmic diameters were

66
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Table 8. Correlations among diameters of ampullae (AMPD), 
isthmi (ISTD), uterine cornua (UTCD) and bodies (UTBD), 
lengths of oviducts (OVDL), ampullae (AMPL), isthmi (ISTL), 
and weights of oviducts (OVWT) and uteri (UTWT) for mature 
ewes at ovohysterectomy (ME) and at hystserectomy in mature 
ewes treated with either estradiol benzoate (MEO or corn oil 
(MEC).

ISTD UTCD UTBD OVDL AMPL ISTL OVWT UTWT

AMPD ME .44 .78* -.43 . 37 . 57 . 04 .36 -.11
MEO . 69* .47 . 66 .21 . 09 .39 .27 .77
MEC . 32 .27 .51 — .28 -.37 . 09 -.33 . 27

ISTD ME . 34 . 63 . 65 .23 .75* .49 . 53
MEO .41 . 15 .35 . 15 . 63* . 52 . 60
MEC . 68* . 68 -.10 .24 -.62* . 18 .81

UTCD ME -.80 -.04 .34 -.24 . 08 -.87
MEO .43 . 18 . 05 . 37 .28 . 64
MEC .21 .50 .64* -.09 . 57 . 62

UTBD ME . 53 -. 54 .85 . 57 .91
MEO . 02 -.03 . 13 -.14 .49
MEC — .62 -.20 -.75 .36 . 69

OVDL ME .71 . 64 .91* . 79
MEO .94* .71* . 89* .36
MEC .87* .51 . 62* -.31

AMPL ME — .06 . 62 -.16
MEO .42 .79* . 07
MEC . 02 .75* . 24

ISTL ME . 66 .82
MEO .73* .83*
MEC -.05 -.73

OVWT ME .85
MEO .44
MEC .48

* PC.05
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positively correlated (P<.05) with UTCD in MEC ewes and ISTL 
in ME and MEO ewes and ISTD was negatively correlated (P<.05) 
with ISTL in MEC ewes. Isthmic diameters were not correlated 
(P>.05) with any other characteristic in ME, MEO or MEC ewes. 
Uterine cornual diameters were positively correlated (P<.05) 
with AMPL in MEC ewes, however, UTCD or UTBD were not 
correlated (P>.05) with any other characteristic in ME, MEO or 
MEC ewes. Oviductal lengths were positively correlated (P<.05) 
with AMPL in MEO and MEC ewes, ISTL in MEO ewes and OVWT in 
ME, MEO and MEC ewes. Oviductal lengths were not correlated 
(P>.05) with any other characteristic in ME, MEO or MEC ewes. 
Ampullary lengths were positively correlated with OVWT in MEO 
and MEC ewes, but AMPL was not correlated (P>.05) with any 
other characteristic in ME, MEO and MEC ewes. Lengths of 
isthmi were positively correlated . (P<.05) with OVWT and UTWT 
in MEO ewes, however, ISTL or OVWT were not correlated (P>.05) 
with any other characteristic in ME, MEO or MEC ewes.
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Histometrv

Uterus

Cell height of uterine epithelium in untreated ewes did 
not differ (P>.05) between ME and TE ewes, but was greater 
(P<.05) in these ewes relative to CHEIGHT in FE ewes. Cell 
height was lowest (Pc.05) in PP ewes (Table 9). Nuclear widths 
and heights were greatest (Pc. 05) in ME ewes and did not 
differ (P>. 05) between FE or TE ewes or between TE and ME 
ewes. Nuclear heights and widths were greater (Pc.05) in these 
ewes relative to NHEIGHT and NWIDTH in PP ewes (Table 9).

Table 9. Least squares means for uterine epithelial cell 
height (CHEIGHT), nuclear width (NWIDTH) and nuclear height 
(NHEIGHT) at ovohysterectomy in untreated prepuberal ewes 
(PP), ewes that exhibited first (FE) or third estrus(TE) and 
mature ewes (ME).

(Atm)

CHEIGHT NWIDTH NHEIGHT

PP 10.54= 2.38= 5.76=
FE C

O

C
O

r—
I 3.2 Ib

-QC
O

C
O

TE 26.21° 3.32b,d 8.45b'd
ME t—

I 
L

D

OC
O 3.70c-d 8.34c,d

SD 3.39 0.37 0.93
a , b , c , C f jy je a n s within columns with different superscripts differ

at Pc.05.



70
Nuclear volume was greatest (P<.05) in ME ewes, but did 

not differ (P>.05) between FE and TE ewes or TE and ME ewes 
and NVOL was smallest (P<. 05) in PP ewes (Table 10). Cell 
volume and nuclear volume per mm2 surface area were greatest 
(P<.05) in ME ewes, but they did not differ (P>.05) between FE 
and TE ewes and both characteristics were smallest (P<.05) in 
PP ewes (Table 10) . Cell volume per mm2 surface area did not 
differ (P>. 05) between TE and ME ewes, but it was larger 
(P<. 05) in these ewes relative to CVOLSQ in PP or FE ewes; and 
CVOLSQ was smallest (Pc.05) in PP ewes (Table 10). Outer area 
of the uterine muscularis did not differ (P>.05) among FE, TE 
or ME ewes or between PP and TE ewes, but it was larger 
(Pc.05) in FE and ME ewes relative to OAREA in PP and TE ewes 
(Table 11) . Total area of the muscularis did not differ 
(P>.05) between PP and TE ewes, FE and TE ewes or FE and ME 
ewes, but MAREA was greater (Pc.05) in ME ewes than in PP or 
TE ewes (Table 10) . Cell width, ratio of nuclear to cell 
volume, number of cells per '.mm2 surface, area inside the 
muscularis or luminal distance were not different (P>.05) 
among PP, FE, TE or ME ewes (Table 11).

At hysterectomy of EB-treated ewes, the ratio of nuclear 
to cell volume did not differ (P>.05) among PPO, TEO or1MEO 
ewes, but it was smaller (Pc. 05) in these ewes relative to 
RATIO in FEO ewes (Table 12). Total area of the muscularis did 
not differ (P>. 05) between FEO and TEO ewes or TEO and MEO 
ewes, but it was greatest (Pc.OS) in MEO ewes and smallest

i



Table 10. Least squares means for uterine epithelial cell volume (CVOL), nuclear volume 
(NVOL), cell volume (CVOLSQ) and nuclear volume per mm2 (NVOLSQ), and outer (OAREA) and 
total area of the muscularis (MAREA) in uteri at ovohysterectomy in untreated prepuberal 
ewes (PR), ewes that exhibited first (FE) or third estrus (TE) and mature ewes (ME).

( A t m 3 ) (mm2)

CVOL NVOL CVOLSQ
(XlOb)

NVOLSQ
(XlCf)

OAREA MAREA

PP 140a 18a 10.538a 12.796a 0.104a 0.031a
FE 369b 44b 18.837b 21.321b 0.244b 0.087b' =
TE 412b 49b'd 26.268= 31.232b 0.166a'b 0.060a- =
ME 444c 61c'd 30.515= 37.933= 0.251b 0.116b'd

SD 75 13 3.393 7.022 0.065 0.026
a,b,ClCtyleans within columns with different superscripts differ at P<. 05.



Table 11. Least squares means for uterine epithelial cell width (CWIDTH), ratio of
nuclear to cell volume (RATIO), number of cells per mm2 (CSQUARE), inner area of the
muscularis (!AREA) and luminal distance (LUMDIST) at ovohysterectomy in untreated
prepuberal ewes (PR), ewes that exhibited first (FE) or third estrus (TE) and mature
ewes (ME).

(Aim) (mm2) (mm)

CWIDTH RATIO CSQUARE INAREA LUMDIST

PP 3.713 0.15 75193 0.073 1.002
FE 4.537 0.12 51046 0.157 1.184
TE 4.025 0.14 63783 0.106 0.852
ME 3.995 0.15 68784 0.136 0.964

SD 0.401 0.03 12394 0.042 0.223

tv



Table 12. Least squares means for uterine epithelial cell height (CHEIGHT), cell width 
(CWIDTH), nuclear height (NHEIGHT), nuclear width (NWIDTH), ratio of nuclear to cell 
volume (RATIO) and total surface area of the muscularis (MAREA) at hysterectomy in 
estradiol benzoate-treated prepuberal ewes (PRO), ewes that exhibited first (FEO) or
third estrus (TEO) and mature ewes (MEO).

(Mm) (mm)

CHEIGHT CWIDTH NHEIGHT NWIDTH RATIO MAREA

PPO 21.38 4.26 7.10 2.79 0.09= 0.052=
FEO 20.99 4.08 8.05 3.23 0.16b 0.080b
TEO 25.18 4.24 7.74 3.26 0.11= 0.087b'd
MEO 26.35 4.10 8.12 3.22 0.12= 0.104c'd

SD 3.42 0.60 0.62 0.29 0.03 0.014
a , b , c , d M e a n s  within columns with different superscripts differ at P<.05.
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(P<.05) in PPO ewes (Table 12). Cell height, CWIDTH, NWIDTH, 
NHEIGHT, NVOL, CVOL, NVOLSQ, CVOLSQ, CxSQUARE, LUMDI ST, OAREA 
or IAREA were not different (P>.05) among PPO, FEO, TEO or MEO 
ewes (Tables 12 and 13).

No uterine characteristic was affected (P>. 05) by side of 
the reproductive tract or a side by reproductive state 
interaction or, in mature ewes, a side by treatment 
interaction.

In the uteri of mature ewes, cell height, cell width, 
nuclear width and the number of cells per mm2 surface area did 
not differ (P>. 05) between ME and MEO ewes, but: they were 
greater (Pc.05) in these ewes relative to corn oil-treated 
mature ewes (Table 14) . This same relationship applied to cell 
volume, cell volume per mm2 surface area, outer area of the 
muscularis and area inside the muscularis (Table 15). Nuclear 
volume was largest (Pc.05) in ME ewes and smallest (Pc.05) in 
MEC ewes (Table 15), however, nuclear volume per mm2 surface 
area did not differ (P>.05) between EB- and corn oil-treated 
ewes and this characteristic was smaller (Pc.05) in these ewes 
relative to ME ewes (Table 15). Nuclear height, the ratio of 
nuclear to cell volume, luminal distance and total area of the 
muscularis were not different (P>.OS) among ME, MEO and MEC 
ewes (Tables 14 and 15).

Correlations among histometric characteristics of uteri 
from untreated PP, FE, TE and ME ewes at ovohysterectomy are

r



Table 13. Least squares means for uterine epithelial cell volume (CVOL), nuclear volume
(NVOL), cell volume (CVOLSQ) and nuclear volume per mm2 (NVOLSQ), number of cells per
square mm2 surface (CSQUARE), luminal distance (LUMDIST) and outer (OAREA) and inner
area of the muscularis (!AREA) at hysterectomy in estradiol benzoate-treated prepuberal
ewes (PRO), ewes that exhibited first (FEO) or third estrus (TEO) and mature ewes (MEO).

(Atm3) (mm) ( m m 2)

CVOL NVOL CVOLSQ 
(X106)

NVOLSQ
(X105)

CSQUARE LUMDIST OAREA !AREA

PPO 336 29 21.37 16.27 63559 1.165 0.199 0.148
FEO 310 40 20.99 27.32 67649 1.095 0.224 0.144
TEO 410 47 25.18 24.60 61413 1.076 0.240 0.153
MEO 408 45 26.36 26.85 64581 1.088 0.273 0.169

SD 144 17 3.42 5.61 19429 0.152 0.038 0.030

v]
Ol



Table 14. Least squares means for uterine epithelial cell height (CHEIGHT), cell width 
(CWIDTH), nuclear height (NHEIGHT), nuclear width (NWIDTH), number of cells per mm2 
(CSQUARE), ratio of nuclear to cell volume (RATIO) and linear distance of the lumen 
(LUMDIST) of mature ewes (ME) at ovohysterectomy and at hysterectomy in mature ewes
treated with either estradiol benzoate (MEO) or corn oil (MEC).

(Atm) (mm)

CHEIGHT CWIDTH NHEIGHT NWIDTH CSQUARE RATIO LUMDIST

ME 30.52* 3.99® 8.83 3.70® 68784® 0.15 0.964
MEO 2 6.3 6® 4.10® 8.11 3.22® 64581® 0.12 1.087
MEC 18.54^ 3.22^ 7.56 2.4 Ib 99959b 0.16 0.879

SD 3.76 0.33 0.58 0.30 12763 0.04 0.197
a,bMeans within columns with different superscripts differ at P<.05.



Table 15. Least squares means for uterine epithelial cell volume (CVOL), nuclear volume
(NVOL), cell volume (CVOLSQ) and nuclear volume per square mnr (NVOLSQ), and outer
(OAREA), inner (!AREA) and total area of the muscularis (MAREA) of mature ewes (ME) at
ovohysterectomy and at hysterectomy in mature ewes treated with either estradiol
benzoate (MEO) or corn oil (MEC).

(Atm3) (mm2)

CVOL NVOL CVOLSQ
(XlOb)

NVOLSQ
(XlCf)

OAREA !AREA MAREA

ME 444a 61* 30.52* 37.93* 0.252* 0.137* 0.116
MEO 408* 4 5b 26.36* 26.85b 0.273* 0.169* 0.104
MEC 186b 23° 18.54b 2 3.3 8b 0.189b 0.093b 0.096

SD 86 8 3.76 6.85 0.042 0.034 0.017
a>b'cMeans within columns with different superscripts differ at P<.05.
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given in Table 16. Nuclear width was positively correlated 
(P<.05) with MAREA in PP ewes' and NHEIGHT in FE ewes. Outer 

" area of the muscularis was positively correlated (Pc.05) with 
!AREA in FE, TE and ME ewes and with MAREA in FE and TE ewes. 
Area inside the muscularis was positively correlated (Pc.05) 
in FE and TE ewes. No other correlations among the variables 
were present (P>.05) in PP, FE, TE or ME ewes.

Correlations among histometric characteristics of uteri 
from EB-treated PPO, FEO, TEO and MEO ewes at hysterectomy are 
given in Table 17. Cell height was positively correlated 
(Pc.05) with nuclear height in FEO ewes. Nuclear width was 
positively correlated (Pc.05) with MAREA in TEO ewes. Outer 
area of the muscularis had a high positive correlation (Pc.05) 
with !AREA in FEO and TEO ewes and with MAREA in FEO ewes. 
Area inside the muscularis was positively correlated (Pc.05) 
with MAREA in FEO ewes. No other correlations among the 
variables were present (P>.05) in PRO, FEO, TEO or MEO ewes.

Correlations among the histometric characteristics of 
uteri from mature ewes at ovohysterectomy and from mature ewes 
treated with either EB or corn oil at hysterectomy are given 
in Table 18. Nuclear width was negatively correlated (Pc.05) 
with MAREA in MEC ewes. Luminal distance was positively 
correlated (Pc.05) with OAREA and IAREA in MEC ewes. Outer 
area of the muscularis was positively correlated (Pc.05) with 
!AREA in ME and MEO ewes and MAREA in MEC ewes. No other 
correlations among the variables were present (P>.05).
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Table 16. Correlations among cell height (CHEIGHT), nuclear 
width (NWIDTH), nuclear height (NHEIGHT), luminal distance 
(LUMDIST), and outer (OAREA), inner (!AREA) and total area of 
the muscularis (MAREA) for uteri of untreated prepuberal ewes 
(PR), ewes that exhibited first (FE) or third estrus (TE), and 
mature ewes (ME).

NWIDTH NHEIGHT LUMDIST OAREA IAREA MAREA

CHEIGHT PP 
FE 
TE 
ME

NWIDTH PP 
FE 
TE 
ME

NHEIGHT PP 
FE 
TE 
ME

LUMDIST PP 
FE 
TE 
ME

OAREA PP 
FE 
TE 
ME

!AREA PP 
FE 
TE 
ME

.87 .61

.93 .84

.30 .64

.11 .70
. 14 
.97* 

-.34 
— . 54

76 .95
38 .20
68 . 02
39 -.61
98 . 67
17 . 08
57 -.33
94 -.75
05 .83
19 . 19
55 -.29
22 -.15

-.52
.94
.71
.93

.49 .89

. 19 .21
-.03 . 11
— .65 -.33
. 00 1.00*
. 07 . 09

-.42 -.20
-.77 -.56
.99 . 18
. 18 .20

— .26 -.31
-.14 -.20
. 19 -.97
.94 .94
.75 . 62
. 94 .75
.74 .70

1.00* 1.00*
1.00* .99*
1.00* .87

. 04 
1.00*
.97*
.81

* PC.05.
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Table 17. Correlations among cell height (CHEIGHT), nuclear 
width (NWIDTH), nuclear height (NHEIGHT), luminal distance 
(LUMDIST), outer (OAREA), inner (!AREA) and total area of the 
muscularis (MAREA) for uteri at hysterectomy of estradiol 
benzoate-treated prepuberal ewes (PRO), ewes that exhibited 
first (FEO) or third estrus (TEO), and mature ewes (MEO).

NWIDTH NHEIGHT LUMDIST OAREA !AREA MAREA

CHEIGHT PPO - . 96 . 63
FEO .71 .96*
TEO . 60 .79
MEO .84 — .08

NWIDTH PPO -.42
FEO . 66
TEO .76
MEO -.41

NHEIGHT PPO
FEO
TEO
MEO

LUMDIST PPO
FEO
TEO
MEO

OAREA PPO
FEO
TEO
MEO

IAREA PPO
FEO
TEO
MEO

00 -.18 . 14 -.42
21 .04 . 07 -.07
02 .72 . 14 .56
39 . 38 . 14 . 60
25 -.07 -.38 . 19
74 .73 .75 . 66
42 .54 -. 55 .97*
79 . 04 -.15 .40
78 -.88 — .68 -.97
05 . 04 . 08 -.10
22 .46 -.37 .73
80 .43 . 17 . 67

.98 .99 .91

.80 .77 .85
-.17 . 18 -.34
.22 . 18 . 14

.95 . 97
1.00* . 98*
. 39 . 65
.91* . 52

.84 

. 97* 
-.44 
. 10

* PC.05
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Table 18. Correlations among cell height (CHEIGHT), nuclear 
width (NWIDTH), nuclear height (NHEIGHT), luminal distance 
(LUMDIST), and outer (OAREA), inner (!AREA) and total area of 
the muscularis (MAREA) for uteri at ovohysterectomy in mature 
ewes (ME) and at hysterectomy in mature ewes treated with 
either estradiol benzoate (MEO) or corn oil (MEC).

NWIDTH NHEIGHT LUMDIST OAREA IAREA MAREA

CHEIGHT ME . 11 .70 -.39 -.61 -.65 -.33
MEO . 84 -.08 -.39 .38 . 14 . 60
MEC . 51 . 66 — .62 -.78 -.53 — .66

NWIDTH ME — . 54 -.94 -.75 -.77 -.56
MEO -.41 -.79 .04 -.15 .40
MEC .75 — .54 -.81 -.40 -.82*

NHEIGHT ME .22 -.15 -.14 — .20
MEO .80 .43 . 17 . 67
MEC -.42 -.72 -.27 — .80

LUMDIST ME . 93 . 94 .75
MEO .22 . 18 . 14
MEC .87* . 95* .46

OAREA ME 1.00* .87
MEO . 91* .52
MEC .71 .83*

!AREA ME .81
MEO . 10
MEC .20

* P<.05.
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Isthmi

In isthmi of untreated ewes, cell height was lowest 
(P<.05) in PP ewes, but it did not differ (P>.05) among FE, TE 
and ME ewes (Table 19). Total surface area of the isthmus did 
not differ (P>.05) among PP, FE and TE ewes, however, it was 
largest (P<.05) in ME ewes (Table 20). Cell width, NHEIGHT, 
NWIDTH, CVOL, NVOL, NVOLSQ, RATIO, CSQUARE, LUMDIST, OAREA, 
!AREA, MAREA, and CELLSEG were not different (P>.05) among PP, 
FE, TE and ME ewes (Tables 19 and 20).

In isthmi of EB-treated ewes, luminal distance, outer 
area, area inside and total area of the muscularis, total area 
of the segment and the number of cells per isthmi did not 
differ (P>.05) among PPO, FEO or TEO ewes, but these variables 
were smaller (P<.05) than those in MEO ewes (Table 21). Cell 
height, CWIDTH, NHEIGHT, NWIDTH, CVOL, NVOL, NVOLSQ, RATIO and 
CSQUARE did not differ (P>. 05) among PPO, FEO, TEO and MEO 
ewes (Tables 21 and 22).

In isthmi of untreated ewes, cell volume per mm2 surface 
area was not affected (P>. 05) by side of the reproductive 
tract, sample location or their interaction. Furthermore, 
CVOLSQ did not differ (P>. 05) among FE, TE and ME ewes, 
however, it was greater (P<.05) in these ewes relative to 
CVOLSQ in PP ewes (Table 23).



Table 19. Least squares means for isthmic epithelial cell height (CHEIGHT), cell width
(CWIDTH), nuclear height (NHEIGHT), nuclear width (NWIDTH), cell volume (CVOL), nuclear
volume (NVOL) and nuclear volume per mm2 (NVOLSQ) at ovohysterectomy in untreated
prepuberal ewes (PP), ewes that exhibited first (FE) or third estrus (TE) and mature
ewes (ME).

(Aim) (Aim3)

CHEIGHT CWIDTH NHEIGHT NWIDTH CVOL NVOL NVOLSQ
(X105)

PP OCOCTl i—I 3.34 7.98 2.61 205 30 26.91
FE

ACOCOOCO 3.40 8.88 2.96 330 41 36.94
TE 29.13b 3.53 8.86 2.79 252 39 33.49
ME 31.14b 3.99 9.48 3.44 402 62 39.71

SD 2.50 0.55 1.02 0.49 149 15 12.20
8ibMeans within column with different superscripts differ at P<. 05.



Table 20. Least squares means for isthmic luminal distance (LUMDIST), outer (OAREA) ,
inner (!AREA) and total area of the muscularis (MAREA), segment surface area (SEGAR),
ratio of nuclear to cell volume (RATIO) , number of cells per mm2 (CSQUARE) and number
of cells per segment (CELLSEG) at ovohysterectomy in untreated prepuberal ewes (PR),
ewes that exhibited first (FE) or third estrus (TE) and mature ewes (ME) .

(mm) (mm2)

LUMDIST OAREA IAREA MAREA SEGAR RATIO CSQUARE CELLSEG
( x i c f )

PP 2.99 0.751 0.234 0.517 173a 0.16 96561 16.33
FE 3.43 0.823 0.306 0.517 199a 0.15 93513 18.92
TE 2.62 0.816 0.260 0.556 154a 0.13 115457 16.82
ME 3.85 1.038 0.331 0.706 272b 0.15 77457 20.09

SD 0.68 0.240 0.086 0.176 46 0.05 6880 11.40
3ibMeans within column with different superscripts differ at P<. 05



Table 2 1 . Least squares means for isthmic luminal distance (LUMDIST), outer (OAREA),
inner (!AREA) and total area of the muscularis (MAREA), segment surface area (SEGAR),
ratio of nuclear to cell volume (RATIO), number of cells per mm2 (CSQUARE) and number
of cells per segment (CELLSEG) at hysterectomy in estradiol benzoate-treated prepuberal
ewes (PRO), ewes that exhibited first (FEO) or third estrus (TEO) and mature ewes (MEO).

(mm) (mm2)

LUMDIST OAREA IAREA MAREA SEGAR RATIO CSQUARE CELLSEG
(XlOb)

PPO 3.03a 0.709a 0.239a 0.47 0a 199a 0.15 87620 H C
O

U
l

FEO 3.03a 0.810a 0.2673 0.543a 17 3a 0.15 90860 15.7 Ia
TEO 2.94a 0.885a 0.282a 0.603a 174a 0.13 69663 12.77a
MEO 4.26b I.366b 0.502b 0.864b 319b 0.15 102723 32.41b

SD 0.82 0.284 0.107 0.224 65 0.05 42677 11.50
a,bMeans within column with different superscripts differ at P<.C)5



Table 22. Least squares means for isthmic epithelial cell height (CHEIGHT), cell width
(CWIDTH), nuclear height (NHEIGHT), nuclear width (NWIDTH), cell volume (CVOL), nuclear
volume (NVOL) and nuclear volume per mm2 (NVOLSQ) at hysterectomy in estradiol benzoate-
treated prepuberal ewes (PPO), ewes that exhibited first (FEO) or third estrus (TEO) and
mature ewes (MEO).

(Mm) ( /L tm 3 )

CHEIGHT CWIDTH NHEIGHT NWIDTH CVOL NVOL NVOLSQ
(X105)

PPO 26.61 3.66 9.12 3.01 304 45 35.07
FEO 29.31 3.55 9.18 3.05 323 47 37.82
TEO 30.12 4.22 9.41 3.31 432 57 34.73
MEO 27.61 3.46 8.88 2.87 269 40 35.27

SD 2.86 0.67 1.03 0.54 201 14 12.52
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Table 23. Least squares means for isthmic epithelial cell
volume per mm2 (CVOLSQ) at ovohysterectomy in untreated
prepuberal ewes (PP), ewes that exhibited first (FE) or third
estrus (TE) and mature ewes (ME).

CVOLSQ (XlO6 Aim3)

PP 19.792*
FE 30.877*)
TE 29.130b
ME 31.139^

SD 2.501
a,bMeans within column with different superscripts differ at 
P<.05.

In isthmi of EB-treated ewes, CVOLSQ was greater (P<.05) 
at one-third than at two-thirds the length from the proximal 
terminus of the isthmus, however, it did not differ (P>.05) 
between sides of the reproductive tract or among RS in PPO, 
FE0, TEO and MEO ewes (Table 24).

In Isthmi of mature ewes, cell height, outer and total 
area of the muscularis, luminal distance and cell volume per 
mm2 surface area did not differ (P>. 05) between ME and MEO 
ewes, but they were greater (P<.05) in these ewes relative to 
those in corn-oil treated mature ewes (Tables 25 and 26) . 
Nuclear height was greater (P<. 05) in ME ewes than in MEC 
ewes, but it did not differ (P>.05) between ME and MEO ewes or 
between MEO and MEC ewes (Table 25). Area inside the 
muscularis was largest (P<.05) in EB-treated MEO ewes, but it 
did not differ (P>. 05) between ME and MEC ewes (Table 25).
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Cell width, NWIDTH‘ CVOL, NVOL, NVOLSQ, RATIO, CSQUARE, 
CELLSEG and SEGAR'did'not differ (P>.05) among ME, MEO and MEC 
ewes (Tables 25 and 26)•

Table 24. Least squares means for isthmic epithelial cell 
volume per mm2 (CVOLSQ) at one- (SI) and two-thirds (S2) the 
length proximal to the uterus at hysterectomy in estradiol 
benzoate-treated prepuberal ewes (PRO), ewes that exhibited 
first (FEO) or third estrus (TEO) and mature ewes (MEO).

CVOLSQ (XlO6 Atm3)

SI S2

PPO 27.864 25.345
FEO 31.084 27.535
TEO 29.790 30.438
MEO 28.916 26.299

Means8jb 29.413 27.404
aStandard deviation = 2.863. 
bSl and S2 means differ at P<.05.

Correlations among histometric characteristics of isthmi 
from untreated PP, FE, TE and ME ewes at ovohysterectomy are 
given in Table 27. Cell height was positively correlated 
(PC.05) with NWIDTH, LUMDIST, OAREA, IAREA and MAREA in PP 
ewes, however, CHEIGHT was not correlated (P>.05) with any 
other characteristic in PP, FE, TE or ME ewes. Nuclear width



Table 25. Least squares means for isthmic epithelial cell height (CHEIGHT), cell width
(CWIDTH), nuclear height (NHEIGHT), nuclear width (NWIDTH), outer (OAREA), inner (!AREA)
and total area of the muscularis (MAREA) and luminal distance (LUMDIST) of mature ewes
at ovohysterectomy (ME) and at hysterectomy in mature ewes treated with either estradiol
benzoate (MEO) or corn oil (MEC).

( Iim) (mm2) (mm)

CHEIGHT CWIDTH NHEIGHT NWIDTH OAREA IAREA MAREA LUMDIST

ME 31.14a 3.99 9.48a 3.44 1.038a 0.331a 0.706a 3.846a
MEO 27.61a 3.46 OcoCOCOCO 2.87 I. 366a 0.502b 0.864a 4.262a
MEC 20.54b 3.54 8.47b'c 2.93 0.836b 0.212a 0.565b 3.IOOb

SD 2.81 0.54 0.92 0.55 0.331 0.106 0.260 0.841
a'b'cMeans within columns with different superscripts differ at P<. 05.



Table 26. Least squares means for isthmic epithelial cell volume (CVOL), nuclear volume 
(NVOL), cell volume per mm2 (CVOLSQ), nuclear volume per mm2 (NVOLSQ), ratio of nuclear 
to cell volume (RATIO), number of cells per mm2 (CSQUARE), number of cells per segment 
(CELLSEG) and surface area of the segment (SEGAR) of mature ewes at ovohysterectomy (ME) 
and at hysterectomy in mature ewes treated with either estradiol benzoate (MEO) or corn 
oil (MEC).

(Iimz) (mm)

CVOL NVOL CVOLSQ
(X106)

NVOLSQ
(X105)

RATIO CSQUARE CELLSEG
(X106)

SEGAR

ME 402 62 31.139a 39.71 0.15 77457 20.09 273
MEO 269 40 27.6083 35.27 0.15 102722 32.41 319
MEC 233 40 20.535^ 31.59 0.19 88002 21.87 243

SD 206 14 2.808 0.94 0.05 42352 12.89 76
a,bMeans within column with different superscripts differ at P<. 05.



91

Table 27. Correlations among cell height (CHEIGHT), nuclear 
width (NWIDTH), nuclear height (NHEIGHT), luminal distance 
(LUMDIST), and outer (OAREA), inner (!AREA) and total area of 
the muscularis (MAREA) for isthmi of untreated prepuberal ewes 
(PR), ewes that exhibited first (FE) or third estrus (TE) and 
mature ewes (ME).

NWIDTH NHEIGHT LUMDIST OAREA IAREA MAREA

CHEIGHT PP .71* .32 . 77* .70* .74* .65*
FE -.21 . 19 . 03 -.02 . 06 -.10
TE .22 .46 . 04 .39 .21 .45
ME -.38 . 39 . 00 -.01 . 01 -.01

NWIDTH PP .29 .61* .48 . 57 .41
FE . 03 -.63* — .66* -.69* -.59*
TE . 63* . 11 . 13 . 05 . 16
ME . 14 -.08 . 09 -. 12 . 15

NHEIGHT PP .29 .45 . 34 . 50
FE -.44 -.14 -.31 . 02
TE .27 . 18 . 27 . 10
ME .30 .27 . 19 .27

LUMDIST PP .88* .97* . 80*
FE .35 .50 .20
TE .76* .80* . 62*
ME .67* . 56* . 65*

OAREA PP .95* .99*
FE .96* .97*
TE . 88* .95*
ME . 77* . 99*

!AREA PP .89*
FE .85*
TE . 68*
ME . 65*

* P<.05.
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was positively correlated (P<.05) with LUMDIST in PP ewes and 
with NHEIGHT in TE ewes, but NWIDTH was negatively correlated 
(PC.05) with LUMDIST, OAREA, IAREA and MAREA in FE ewes. 
Nuclear width was not correlated (P>.05) with any other 
characteristic in PP, FE, TE or ME ewes. Nuclear height was 
not correlated (P>.05) with LUMDIST, OAREA, IAREA or MAREA in 
PP, FE, TE or ME ewes. Luminal distance was positively 
correlated (P<.05) with OAREA, IAREA and MAREA in PP, TE and 
ME ewes, but not in FE ewes (P>. 05) . Outer area of the 
muscularis was positively correlated (P<.05) with.IAREA and 
MAREA in PP, FE, TE and ME ewes. Similarly !AREA and MAREA 
were positively correlated (P<.05) in all RS.

Correlations among the histometric characteristics of 
isthrni from EB-treated PPO, FEO., TEO and MEO ewes at 
hysterectomy are given in Table 28. Cell height was positively 
correlated (P<.05) with-OAREA and MAREA in PPO ewes, but it 
was not correlated (P>.05) with any other characteristic in 
PPO, FEO, TEO or MEO ewes. Nuclear width or height were not 
correlated (P>.05) with any other characteristic in PPO, FEO,

S
TEO or MEO ewes. Luminal distance was positively correlated 
(P< .05) with OAREA and IAREA in PPO ewes and with IAREA in TEO 
ewes, but LUMDIST was not correlated (P>.05) with any other 
characteristic in PPO, FEO, TEO or MEO ewes. Outer area of the 
muscularis was positively correlated (P<.05) with IAREA and 
MAREA in PPO, FEO, TEO and MEO ewes. Area inside the
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Table 28. Correlations among cell height (CHEIGHT), nuclear 
width (NWIDTH), nuclear height (NHEIGHT), luminal distance 
(LUMDIST), outer (OAREA), inner (!AREA) and total area of the 
muscularis (MAREA) for isthmi at hysterectomy in estradiol 
benzoate-treated prepuberal ewes (PRO), ewes that exhibited
first (FEO) or third estrus (TEO), and mature ewes (MEO).

NWIDTH NHEIGHT LUMDIST OAREA IAREA MAREA

CHEIGHT PPO -.30 . 36 .23 . 61* .45 . 62*
FEO -.26 -.21 -.05 .47 . 19 .42
TEO . 00 .41 .26 -.01 .31 -.19
MEO . 24 .40 — .21 .31 . 16 . 34

NWIDTH PPO . 02 -.31 — .06 -.32 . 07
FEO -.09 .23 . 03 . 06 -.01
TEO . 01 .30 .43 . 51 . 28
MEO .25 -.05 .36 .35 . 32

NHEIGHT PPO . 39 .52 . 53 .45
FEO . 13 . 14 . 00 . 16
TEO . 16 . 15 . 14 . 13
MEO -.04 .07 . 02 . 09

LUMDIST PPO . 54* .80* . 34
FEO .45 . 34 .27
TEO .21 . 63* -.08
MEO . 11 .21 . 04

OAREA PPO .82* .96*
FEO . 58* .75*
TEO .76* .93*
MEO .83* .95*

IAREA PPO . 63*
FEO -.12*
TEO .45
MEO . 61*

* P<.05
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muscularis was positively correlated (Pc.05) with MAREA in PPO 
and MEO ewes, however, a slight negative.correlation (P<.05) 
was present between !AREA and MAREA in FEO ewes.

Correlations among the histometric characteristics of 
isthmi from untreated mature ewes at ovohysterectomy and at 
hysterectomy in mature ewes treated with either EB or corn oil 
are given in Table 29. Cell height, NWIDTH and NHEIGHT were 
not correlated (P>.05) with any other characteristic in ME, 
MEO or MEC ewes. Luminal distance was positively correlated 
(P<.05) with OAREA, !AREA and MAREA in ME ewes and with OAREA 
and IAREA in MEC ewes, but LUMDIST was not correlated (P>.05) 
with any other characteristic in.ME, MEO or MEC ewes. Outer 
area of the muscularis was positively correlated (P<.05) with 
IAREA and MAREA in ME, MEO and MEC ewes. Area inside the 
muscularis was positively correlated (P<.05) with MAREA in ME 
and MEO ewes, but not in MEC ewes (P>.05).
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Table 29. Correlations among cell height (CHEIGHT), nuclear 
width (NWIDTH), nuclear height (NHEIGHT), luminal distance 
(LUMDIST), and outer (OAREA), inner (!AREA) and total area of 
the muscularis (MAREA) for isthmi at ovohysterectomy in mature 
ewes (ME) and at hysterectomy in mature ewes treated with 
either estradiol benzoate (MEO) or corn oil (MEC).

NWIDTH NHEIGHT LUMDIST OAREA IAREA MAREA

CHEIGHT ME -.38 .39 . 00 -.01 . 01 -.01
MEO . 24 .40 -.21 .31 . 16 . 34
MEC .39 .35 .42 .49 .45 .39

NWIDTH ME . 14 -.08 . 09 -.12 . 15
MEO .25 -.05 .36 . 35 . 32
MEC -.03 . 13 .30 . 17 .29

NHEIGHT ME .30 .27 . 19 .27
MEO -.04 . 07 . 02 . 09
MEC . 15 .43 .33 . 38

LUMDIST ME . 67* . 56* . 65*
MEO . 11 .21 . 04
MEC . 64* .80* .39

OAREA ME .77* .99*
MEO .83* .95*
MEC . 67* . 92*

IAREA ME . 65*
MEO .61*
MEC . 34

* P<.05.
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Ampullae

In ampullae untreated ewes, CHEIGHT and CVOLSQ did not 
differ (P>.05) among FE, TE and HE ewes, but were greater 
(P<. 05) in these ewes than CHEIGHT and CVOLSQ in PP ewes 
(Table 30). Nuclear widths and volumes were larger (Pc.05) in 
TE and HE ewes than in PP ewes, however, these characteristics 
did not differ (P>.05) between PP and FE ewes or among FE, TE 
and HE ewes (Table 30). Outer area of the muscularis, IAREA 
and LUHDIST did not differ (P>.05) among PP, FE and TE ewes, 
but they were greatest (Pc.05) in HE ewes (Table 31). Total 
area of the muscularis did not differ (P>.05) between FE and 
HE ewes or PP and TE ewes, however, these characteristics were 
larger (Pc.05) in FE and HE ewes than HAREA in PP and TE ewes 
(Table 31). Total surface area of the ampulla did not differ 
(P>.05) between PP and FE ewes or FE and TE ewes, but it was 
larger (Pc.05) in TE ewes than in PP ewes and largest (Pc.05) 
in HE ewes (Table 31) . Cell width, NHEIGHT, CV0L, NVOLSQ', 
RATIO, CSQUARE, FOLDS and CELLSEG did not differ (P>.05) among 
PP, FE, TE and HE ewes (Tables 30 and 32).

In ampullae of EB-treated ewes, OAREA, !AREA, HAREA and 
SEGAR did not differ (P>. 05) among PP, FE and TE ewes, but 
they were largest (Pc.05) in HE ewes (Table 33). Cell height, 
CWIDTH, NHEIGHT, NWIDTH, CVOL, NVOL, CVOLSQ, NVOLSQ, RATIO, 
CSQUARE, FOLDS and CELLSEG did not differ (P>.05) among PP, 
FE, TE and HE ewes (Tables 33 and 34).



Table 30. Least squares means for ampulIary epithelial cell height (CHEIGHT), cell width
(CWIDTH), nuclear height (NHEIGHT), nuclear width (NWIDTH), cell volume (CVOL), nuclear
volume (NVOL), cell (CVOLSQ) and nuclear volume per mm2 (NVOLSQ) at ovohysterectomy in
untreated prepuberal ewes (PP) , ewes that exhibited first (FE) or third estrus (TE) and
mature ewes (ME).

( A t m ) ( A i m 3 )

CHEIGHT CWIDTH NHEIGHT NWIDTH CVOL NVOL CVOLSQ
(XlOb)

NVOLSQ
(X105)

PP 27.65* 2.51 8.28 2.89a 143 38* 27.65* 65.36

FE 33.92b 2.67 8.67 3.17a,b 224 48a'b 33.92b 76.02

TE 32.39b 2.96 8.44 3.50b 217 56b 32.39b 81.47

ME 36.35^ 2.72 8.70 3.56b 247 60b 36.3 5b 86.32

SD 4.54 0.62 0.83 0.24 102 9 4.54 18.93
8ibMeans within columns with different superscripts differ at P<. 05.



Table 31. Least squares means for ampulIary outer (OAREA), inner (!AREA) and total area 
of the muscularis (MAREA), luminal distance (LUMDIST) and total surface area of the 
segment (SEGAR) at ovohysterectomy in untreated prepuberal ewes (PR), ewes that 
exhibited first (FE) or third estrus (TE) and mature ewes (ME).

(mm2) (mm)

OAREA INAREA MAREA LUMDIST SEGAR

PP 2.309= 1.959= 0.350= 26.395= 1995=
FE 2.708= 2.272= 0.442b 31.596= 2671=,d
TE 2.531= 2.192= 0.339= 34.375= 3143b'd
ME 4.552b 4.008b 0.544b 47.232b 4848=

SD 0.996 0.902 0.111 7.416 1429
a,t>,c,Ciweans within columns with different superscripts differ at P<.05.
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TABLE 32. Least squares means for ampulIary ratio of nuclear 
to cell volume (RATIO) , number of cells per mm2 (CSQUARE) , 
number of major plical folds (FOLDS) and number of cells per 
segment (CELLSEG) at ovohysterectomy in untreated prepuberal 
ewes (PR), ewes that exhibited first (FE) or third estrus (TE) 
and mature ewes (ME).

RATIO CSQUARE (X105) FOLDS CELLSEG (XlOi

PP 0.32 19.32 4.2 3.347
FE 0.30 15.13 4.0 5.028
TE 0.35 14.87 4.1 5.328
ME 0.30 14.73 4.0 8.487

SD 0.08 8.30 0.5 2.542

In EB-treated ewes, LUMDIST was greater (P<.05) at one- 
third than at two-thirds the length from the distal end of the 
ampullae, however, it did not differ (P>.05) between sides of 
the reproductive tract or among RS in PPO, FEO, TEO and MEO 
ewes (Table 35).



Table 33. Least squares means for ampulIary ratio of nuclear to cell volume (RATIO), 
number of cells per mm2 (CSQUARE), outer (OAREA), inner (!AREA) and total area of the 
muscularis (MAREA), total surface area of the segment (SEGAR), number of major plical 
folds (FOLDS) and number of cells per segment (CELLSEG) at hysterectomy in estradiol 
benzoate-treated prepuberal ewes (PRO), ewes that exhibited first (FEO) or third estrus 
(TEO), and mature ewes (MEO).

(mm2)

RATIO CSQUARE
(X104)

OAREA INAREA MAREA SEGAR FOLDS CELLSEG
(XlOb)

PPO 0.29 19.65 2.600* 2.136= 0.402= 2339 = 4.5 436.25
FEO 0.29 15.25 2.507= 2.136= 0.372= 2751= 4.6 421.80
TEO 0.30 15.58 2.651= 2.236= 0.423= 2713 = 4.1 407.95
MEO 0.30 15.75 3.989"= 3.352b 0.595b 4064b 4.1 652.62

SD 0.11 4.51 0.791 0.691 0.139 574 0.9 214.12
a,bMeans within columns with different superscripts differ at P<.05.
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Table 34. Least squares means for ampullary epithelial cell height (CHEIGHT), cell width
(CWIDTH), nuclear height (NHEIGHT), nuclear width (NWIDTH), cell volume (CVOL), nuclear
volume (NVOL), cell (CVOLSQ) and nuclear volume per mm^ (NVOLSQ) at hysterectomy in
estradiol benzoate-treated prepuberal ewes (PPO), ewes that exhibited first (FEO) or
third estrus (TEO) and mature ewes (MEO).

(Atm) (Atm3 )

CHEIGHT CWIDTH NHEIGHT NWIDTH CVOL NVOL CVOLSQ
(X106)

NVOLSQ
(X105)

PPO 32.56 2.33 9.05 2.82 166 39 32.56 72.34
FEO 31.92 2.70 8.58 3.21 209 47 31.92 69.17
TEO 30.92 2.69 8.16 3.23 199 46 30.92 69.28
MEO 29.31 2.66 8.50 3.09 186 44 29.31 65.23

SD 3.43 0.31 0.84 0.27 50 12 3.43 21.61
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Table 35. Least squares means for luminal distance (LUMDIST) 
of ampullae at one- (SI) and two-thirds (S2) the length 
proximal to the ovary at hysterectomy of estradiol benzoate- 
treated prepuberal ewes (PPO), ewes that exhibited first (FEO) 
or third estrus (TEO), and mature ewes (MEO).

LUMDIST (mm)
SI S2

PPO 29.137 28.240
FEO 34.645 28.920
TEO 36.624 31.868
MEO . 41.810 33.465

Meansa,b 35.554 30.623
aStandard deviation = 4. 
bSl and S2 means differ

108.
at P<.05.

In ampullae of mature ewes, CHEIGHT, CWIDTH, NHEIGHT, 
NWIDTH, RATIO, CSQUARE, CELLSEG, CVOL, NVOL, CVOLSQ, NVOLSQ, 
OAREA, !AREA, MAREA, SEGAR and FOLDS did not differ (P>.05) 
among ME, MEO and MEC ewes (Tables 36 and 37). Linear distance 
of the lumen was greater (P<. 05) at one-third than at two- 
thirds the length from the distal end of the ampullae, however, 
it did not differ (P>.05) between sides of the reproductive 
tract or among treatments in ME, MEO and MEC ewes (Table 38).



Table 36. Least squares means for ampulIary epithelial cell height (CHEIGHT), cell width
(CWIDTH), nuclear height (NHEIGHT), nuclear width (NWIDTH), ratio of nuclear to cell
volume (RATIO), number of cells per mm2 (CSQUARE) and number of cells per segment
(CELLSEG) of mature ewes at ovohysterectomy (ME) and at hysterectomy in mature ewes
treated with either estradiol benzoate (MEO) or corn oil (MEC).

(Atm)

CHEIGHT CWIDTH NHEIGHT

ME 32.05 2.52 8.26

MEO 29.20 2.70 8.48

MEC 24.20 2.71 8.00
SD 3.58 0.35 0.76

NWIDTH RATIO CSQUARE
(X104)

CELLSEG
(Xiof)

3.28 .32 15.76 760.53
3.10 .29 15.32 598.35
2.90 .30 15.18 579.09
0.38 . 12 4.23 334.65
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Table 37. Least squares means for ampulIary epithelial cell volume (CVOL), nuclear 
volume (NVOL), cell (CVOLSQ) and nuclear volume per mm2 (NVOLSQ), outer (OAREA), inner 
(!AREA) and total area of the muscularis (MAREA), total surface area of the segment 
(SEGAR) and number of major plical folds (FOLDS) of mature ewes at ovohysterectomy (ME) 
and at hysterectomy in mature ewes treated with either estradiol benzoate (MEO) or corn 
oil (MEC).

(Atm3) ( m m 2)

CVOL NVOL CVOLSQ
(X106)

NVOLSQ
(X105)

OAREA !AREA MAREA SEGAR FOLDS

ME 203 46 32.05 73.71 4.552 4.009 0.418 5547 4.0
MEO 191 44 29.21 63.12 3.989 3.352 0.601 3889 4.3
MEC 160 36 24.20 52.78 2.957 2.512 0.401 3950 4.0

SD 46 13 3.58 22.56 1.110 0.985 0.152 1771 0.9
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Table 38. Least squares means for luminal distance (LUMDIST) 
of ampullae at one- (SI) and two-thirds (S2) the length 
proximal to the ovary of mature ewes at ovohysterectomy (ME) 
and at hysterectomy in mature ewes treated with either 
estradiol benzoate (MEO) or corn oil (MEC).

LUMDIST (mm)
SI S2

ME 47.830 46.638
MEO 41.810 33.465
MEC 37.115 33.462

Meansa'b 42.252 37.855
aStandard deviation = 4.108. 
bSl and S2 means differ at P<.05.

Correlations among histometric characteristics of ampullae 
from untreated PP, FE, TE and ME ewes at ovohysterectomy are 
given in Table 39. Cell height was positively correlated 
(P<.05) with NWIDTH and LUMDIST in PP ewes and with NHEIGHT, 
NWIDTH, OAREA and !AREA in TE ewes. Cell height was negatively 
correlated (Pc.05) with FOLDS in FE ewes, however, it was not 
correlated (P>. 05) with any other characteristic in PP, FE, TE 
or ME ewes. Nuclear width was positively correlated (Pc.05) 
with LUMDIST, OAREA, !AREA and MAREA in PP ewes and with 
NHEIGHT in TE ewes. Nuclear width was negatively correlated 
(PC.05) with FOLDS in FE ewes, but NWIDTH was not correlated 
(P>. 05) with any other characteristic in PP, FE, TE or ME ewes. 
Nuclear height was positively correlated (Pc. 05) with LUMDIST,
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Table 39. Correlations among cell height (CHEIGHT), nuclear 
width (NWIDTH), nuclear height (NHEIGHT), luminal distance 
(LUMDIST), outer (OAREA), inner (!AREA) and total area of the 
muscularis (MAREA) and number of plical major folds (FOLDS) for 
ampullae of untreated prepuberal ewes (PR), ewes that exhibited
first (FE) or third estrus (TE), and mature ewes (ME) .

NWIDTH NHEIGHT LUMDIST OAREA IAREA MAREA FOLDS

CHEIGHT PP .86* . 51 .58* .50 .49 .48 .26
FE -.07 . 24 .05 .07 . 06 . 19 -.51*
TE . 61* . 50* .42 .52* . 51* .47 . 14
ME . 25 -.21 -.40 -.20 -.22 — .02 .30

NWIDTH PP .31 . 69* . 63* . 62* . 60* . 34
FE .42 -.29 — .02 . 04 -.31 -.53*
TE . 53* .28 .44 .45 .27 . 18
ME . 18 -.25 -.09 -.10 -.05 -.10

NHEIGHT PP .20 . 30 .29 .33 . 11
FE . 08 -.02 . 04 -.31 -.53*
TE .56* .59* . 62* .29 . 03
ME . 45 .26 . 27 . 11 -.20

LUMDIST PP .91* .92* . 68 .30
FE .91* .92* . 64* -.55*
TE . 87* .88* . 60* -.29
ME .76* .76* . 67* -.33

OAREA PP 1.00* .84* . 37
FE . 99* .77* -.50*
TE 1.00* .80* -.35
ME 1.00* .94* -.38

IAREA PP .81* . 38
FE .68* -.52*
TE .75* -.34
ME .93* -.38

MAREA PP . 17
FE -.30
TE -.31
ME -.37

* P<.05
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OAREA and !AREA in TE ewes and it was negatively correlated 
(P<.05) with FOLDS in FE ewes, however, NHEIGHT was not 
correlated (P>.05) with any other characteristic in PP, FE, TE 
or ME ewes. Luminal distance was positively correlated (P<.05) 
with both OAREA and !AREA in PP, FE, TE and ME ewes and with 
MAREA in FE, TE and ME ewes. Luminal distance was negatively 
correlated (P<.05) with FOLDS in FE ewes, but it was not 
correlated (P>.05) with any other characteristic in PP, FE, TE 
or ME ewes. Outer area of the muscularis was positively 
correlated (P<.05) with both !AREA and MAREA in PP, FE, TE and 
ME ewes, but it was negatively correlated (P<.05) with FOLDS 
in FE ewes. Outer area of the muscularis was not correlated 
(P>.05) with FOLDS in PP, TE or ME ewes. Area inside the 
muscularis was positively correlated (P<.05) with MAREA in PP, 
FE, TE and ME ewes. Area insidfe the. muscularis was negatively 
correlated (P<.05) with FOLDS in FE ewes, but not in PP, TE or 
ME ewes (P>. 05) . Total area of the muscularis was not 
correlated (P>.05) with FOLDS in PP, FE, TE or ME ewes.

Correlations among the histometric characteristics of 
ampullae from EB-treated PPO, FEO, TEO and MEO ewes at 
hysterectomy are given in Table 40. Cell height was positively 
correlated (P<.05) with NWIDTH, MAREA and FOLDS in PPO ewes and 
with NWIDTH and NHEIGHT in FEO ewes. Cell height was not 
correlated (P>.05) with any other characteristic in PP0, FE0, 
TEO or MEO ewes. Nuclear width was positively correlated
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Table 40. Correlations among cell height (CHEIGHT), nuclear 
width (NWIDTH), nuclear height (NHEIGHT), luminal distance 
pooled over sample locations I and 2 (LUMDIST), outer (OAREA), 
inner (!AREA) and total area of the muscularis (MAREA) and 
number of major plical folds (FOLDS) for ampullae of estradiol 
treated-prepuberal ewes (PRO), ewes that exhibited first (FEO) 
or third estrus (TEO), and mature ewes (MEO).

NWIDTH NHEIGHT LUMDIST OAREA IAREA MAREA FOLDS

CHEIGHT PPO
FEO
TEO
MEO

. 53* 

. 61* 

.30 

. 22
NWIDTH PPO

FEO
TEO
MEO

NHEIGHT PPO
FEO
TEO
MEO

LUMDIST PPO
FEO
TEO
MEO

OAREA PPO
FEO
TEO
MEO

IAREA PPO
FEO
TEO
MEO

MAREA PPO
FEO
TEO
MEO

24 .27 .26
66* . 15 .36
45 -.27 . 06
25 .26 . 33
04 . 19 .44
24 . 05 .32
67* -.24 . 10
23 . 14 . 19

-.34 — .05
-.44 — .32
-.19 . 06
-.07 -.10

.82*

.86*

. 69*

.83*

.26 . 66* . 58*

. 32 .46 -.15

. 03 .23 -.29

. 32 .06 -.28

. 44 . 68* .48

.32 .26 -.24

. 12 -.09 -.34

. 22 — .44* -.22
-.04 . 19 .40
-.33 -.17 . 14
. 07 -.04 -.14

-.08 . 00 -.11
.82* .28 .22
.85* .67* .30
.71* . 15 . 04
.84* -.09 -.33

1.00* .32 . 35
. 99* .76* -.40
.99* . 51* -.06

1.00* . 00 -.19
.33 .35
. 68* -.40
.41 -.10

-. 05 -.19
.27

-.25
.26 
. 24

* P<.05.
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(P<.05) with MAREA in PRO ewes and with NHEIGHT in TEO ewes. 
There was a small negative correlation (P<.05) between NWIDTH 
and MAREA in MEO ewes, but NWIDTH was not correlated (P>.05) 
with any other characteristic in PPO, FEO, TEO or MEO ewes. 
Nuclear height was not correlated (P>.05) with any 
characteristic in PPO, FEO, TEO or MEO ewes. Luminal distance 
was positively correlated (P<.05) with both OAREA and IAREA in 
PPO, FEO, TEO and MEO ewes and with MAREA in FEO ewes. 
Correlations between LUMDIST and OAREA or !AREA were not 
present (P>. 05) when these characteristics from sample location 
I in TEO ewes were compared separately. Likewise, LUMDIST and 
MAREA from sample location 2 in FEO ewes were not correlated 
(P>.05). Luminal distance was not correlated (P>.05) with any 
other characteristic in PPO, FEO, TEO or MEO ewes. Outer area 
of the muscularis was positively correlated (P<.05) with IAREA 
in PPO, FEO, TEO and MEO ewes and with MAREA in FEO and TEO 
ewes, but it was not correlated (P>. 05) with any other 
characteristic in PPO, FEO, TEO or MEO ewes. Area inside the 
muscularis was positively correlated (P<.05) with MAREA in FEO 
ewes, but not (P>. 05) in PPO, TEO, or MEO ewes. Area inside the 
muscularis or MAREA were not correlated (P>.05) with FOLDS in 
PPO, FEO, TEO or MEO ewes.

Correlations among the histometric characteristics of 
ampullae from untreated mature ewes at ovohysterectomy and from 
mature ewes treated with either EB or corn oil at hysterectomy 
are given in Table 41. Cell height was positively correlated
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(P<.05) with LUMDIST, OAREA, IAREA and MAREA in MEC ewes, but 
it was not correlated (P>. 05) with any other characteristic in 
ME, MEO or MEC ewes. Cell height and LUMDIST were not 
correlated (P>.05) when these characteristics were separately 
compared within either sample location I or 2. Nuclear width 
was positively correlated (P<.05) with OAREA and IAREA in MEC 
ewes, however, it was negatively correlated (P<.05) with MAREA 
in MEO ewes. Nuclear width was not correlated (P>.05) with any 
other characteristic in ME, MEO or MEC ewes. Nuclear height was 
positively correlated (P<.05) with LUMDIST in MEC ewes when 
sample locations I and 2 were pooled, however, they were not 
correlated (P>.05) when separately compared within either 
sample location. Nuclear width was not correlated (P>. 05) with 
any other characteristic in ME, MEO or iMEC ewes. Luminal 
distance was positively correlated (P<.05) with both OAREA and 
IAREA in ME, MEO or MEC ewes and with MAREA in ME and MEC ewes. 
Correlations between LUMDIST and MAREA for sample location I 
in ME ewes or between these characteristics in sample location 
2 in MEC ewes were not present (P>. 05) . Outer area of the 
muscularis had a high positive correlation (P<.05) with IAREA 
in ME, MEO and MEC ewes and with MAREA in ME ewes, but it was 
not correlated (P>. 05) with any other characteristic in ME, MEO
or MEC ewes.
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Table 41. Correlations among cell height (CHEIGHT), nuclear 
width (NWIDTH), nuclear height (NHEIGHT), luminal distance 
pooled over sample locations I and 2 (LUMDIST), outer (OAREA), 
inner (!AREA) and total area of the muscularis (MAREA) and 
number of major plical folds (FOLDS) for ampullae at 
ovohysterectomy in mature ewes (ME) and at hysterectomy in 
mature ewes treated with either estradiol benzoate (MEO) or 
corn oil (MEC).

NWIDTH NHEIGHT LUMDIST OAREA IAREA MAREA FOLDS

CHEIGHT ME .25 -.21 -.40 -.20 -.22 -.02 .30
MEO .22 .25 .26 .33 .32 . 06 -.28
MEC .21 .25 .42* . 61* .60* .41* — .13

NWIDTH ME . 18 -.25 -.09 -.10 -.05 -. 10
MEO .23 . 14 . 19 . 22 — .44* -.22
MEC .30 . 19 .45* .42* . 16 -.06

NHEIGHT ME .45 .26 .27 . 11 -.20
MEO -.07 -. 10 — .08 . 00 -.11
MEC .45* .40 .40 . 24 . 11

l u m d i s t ME .76* .76* . 67* -.33
MEO . 83* . 84* -.09 -.33
MEC .72* .76* .57* -.05

OAREA ME 1.00* .94* -.38
MEO 1.00* . 00 -. 19
MEC 1.00* .41 . 14

IAREA ME .93* -.38
MEO -. 05 -.19
MEC .43* . 13

MAREA ME -.37
MEO .24
MEC -.16

* P<.05.
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Area inside the muscularis was positively correlated (P<.05) 
with MAREA in ME and MEC ewes, but not in MEO ewes (P>.05). 
Area inside the muscularis or MAREA were not correlated (P>. 05) 
with FOLDS in ME, MEO or MEC ewes.

Ovaries

Ovulations

The proportions of cyclic ewes which had ovulated by 
ovohysterectomy or ovariectomy 24 h after the onset of estrus 
did not differ (P>.05) among ewes that had exhibited first or 
third estrus or mature ewes in Trials I and 2 (Table 42).

Table.42. Proportions, ,(%) of ewes that exhibited first (FE) or 
third; estrus (TE) and mature ewes (ME) in Trials I and 2 which 
had One of 'more ovulation sites at ovohysterectomy or 
ovariectomy 24 ± 2 h after the onset of estrus.

Proportion of ewes
which had ovulated (%)

FE 13/17 (76.5)
TE 17/18 (94.4)
ME 12/12 (100.0)
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Follicles

The number of ovarian follicles smaller than 2.0 mm did 
not differ (P>.05) between ewes that exhibited first or third
estrus, but there were a larger number of these follicles

‘(P<.05) in the ovaries of these ewes than those of prepuberal 
ewes (Table 43).

Table 43. Least squares means for follicular numbers of size 
classes of prepuberal (PP), first estrus (FE), third estrus 
(TE), and mature (ME) ewes.

Follicular numbers for 
size classes

C2.0 mm 2.0 to 4.0 mm >4.0 mm

PP IO.?^ 2.5a 1.7a
FE 25.5b 4.2a 0.3b
TE 36.6b 5.8= 0.8a'b
ME * 14.2b CMCO

SD 19.6 5.5 1.5 •
* Not available for ME ewes.
a'b'cMeans within columns with different supercripts differ at

P<.05.

The number of ovarian follicles between 2.0 and 4.0 mm in 
diameter did not differ (P>.05) among prepuberal ewes or ewes 
that exhibited first or third estrus, however, there were a 
larger number (Pc.05) of these follicles in the ovaries of 
mature ewes than in the ovaries of the ewe lambs (Table 43).
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The number of ovarian follicles larger than 4.0 mm was greater 
(P<.05) in prepuberal ewes than in ewes that exhibited first 
estrus, but it did not differ (P>.05) between prepuberal ewes 
and ewes that exhibited third estrus or between ewes that 
exhibited first or third estrus (Table 43). The number of 
ovarian follicles 4.0 mm or larger was greatest (Pc.05) in 
mature ewes (Table 43).

Epithelial Organization

Although the degree of epithelial organization within the 
lumen was not objectively measured, several unusual structural 
features were noted. First, uterine epithelia of untreated 
prepuberal ewes consisted of a highly uniform layer of low 
columnar cells appearing to be in a quiescent state. Functional 
inactivity was indicated by comparatively small nuclear and 
cellular volumes. Uterine epithelia of EB-treated prepuberal 
lambs appeared to be roughly equivalent to that of their 
untreated counterparts in regard to size of individual cells 
and nuclei, however, there was a marked decrease in the level 
of cellular organization, and uniformity of the epithelial 
layer. Secondly, two types of structures were noted exclusively 
in ampullae of all mature ewes at ovohysterectomy after estrus 
and at hysterectomy in 5 of the 6 EB-treated mature ewes. The 
first type appeared to consist of series of events leading to 
extrusion basophilic material into cytoplasmic outfoldings or
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pockets at the cellular apices of non-ciliated cells. The 
second type appeared as spherical acidophilic bodies which lay 
free in the lumen directly adjacent to the ampullary 
epithelium. Both types of structures appeared to be 
interspersed randomly throughout the luminal epithelia at both 
sample locations and were often found in conjunction with each 
other.
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DISCUSSION

None of the gross or histometric characteristics of 
oviducts or uteri were affected by side of the reproductive 
tract or by interactions involving side. Similarly, Cloud and 
Casida (1969) reported no differences in histological aspects 
of left or right uterine cornua throughout the estrous cycle 
of yearling ewes or in relation to the proximity of developing 
luteal tissue. Thus, the degree of any local effects of 
ovarian steroids on gross or histometric characteristics of 
the reproductive tract are slight or nonexistent, or, 
potential local effects of steroids are short-lived befqre 
being masked by the attainment of sufficient peripheral 
concentrations of ovarian steroids which alter both the 
ipsilateral and contralateral sides of the reproductive tract 
to the same degree after an ovulation.

In untreated ewe lambs, gross morphological 
characteristics of oviducts and uteri increased progressively 
throughout the puberal transition. The transitional patterns 
of diameters of ampullae, uterine cornua and bodies and 
weights of oviducts and uteri were similar. The highest rate 
of increase in these diameters and weights occurred as ewes 
passed from the prepuberal to puberal status and only a 
moderate increase in these traits occurred between ewes that 
experienced first or third estrus. In contrast, isthmic
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diameters did not differ between prepuberal ewes and ewes that 
experienced first estrus, but increased significantly in ewes 
that experienced third estrus. This segmental difference may 
indicate that expression of isthmic sensitivity to 
physiological concentrations of estrogen is delayed relative 
to other segments of the reproductive tract. Such a 
relationship may serve as a limiting factor in puberal 
fertility if functionality of the utero^isthmic constriction, 
described in mature ewes by Bellve and McDonald (1968) , does 
not allow for sufficient regulation of oviductal fluids and 
ovum transport after the puberal ovulation.

Changes in gross morphology of oviducts and uteri may 
reflect a combination of steroid-induced hypertrophic or 
hyperplastic processes and(or) transitory edematous processes 
within some tissues such as those described in mature ewes by 
Nillson and Reinius (1969). Lengths of oviducts, ampullae or 
isthmi did not differ among pre- and post-puberal ewe lambs. 
However, oviducts from physically mature pluriparous ewes were 
greater in length than those from untreated or EB-treated 
lambs. This may indicate that oviductal and segmental lengths 
are more closely associated with parity or possibly body 
weight than with exposure to ovarian steroids.

Uterine body diameters were larger in Trial I than in 
Trial 2. The reason for this finding is unclear because ewe 
lambs in both Trials were obtained from the same genetic base 
of sires'and dams, however, it is possibly an effect of normal
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genetic variability or their environment before the study 
periods involving nutrition or related management factors.

In ovariectomized EB-treated ewes, the same patterns of 
morphological development as described for untreated ewes were 
apparent in post-puberal females. There was, however, a 
striking difference in prepuberal ewes. Ampullary and isthmic 
diameters and oviductal weights in prepuberal EB-treated lambs 
were roughly equivalent to values obtained for these 
characteristics from ewes that had exhibited third estrus. It 
is likely that transient edematous processes were a primary 
factor influencing these characteristics in EB-treated ewes.
The degree of membranous fluid content of connective tissues 
dissected from oviducts and uteri appeared to be greater at 
hysterectomy in EB-treated ewes than at ovohysterectomy in 
untreated ewes over all RS, but this characteristic was most 
pronounced in prepuberal lambs. Additionally, the area 
contained within the outer perimeter of the ampullary and 
isthmic muscularis was smallest in PPO ewes, thus the larger I

gross diameters of these segments in PPO ewes must be the I
result of a thickened connective tissue layer underlying the

I

serosal membrane of the oviduct. Unexpectedly high values 
obtained for oviductal diameters in PPO ewes may indicate a 
tissue-specific hypersensitivity to estrogenic stimulation 
before exposure to progesterone concomitant with initiation of 
the puberal transition in ewe lambs. j

Uterine cornual and body diameters and uterine weights ■ j

ii
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share a common developmental pattern in untreated or EB- 
treated ewes. A large increase in these traits occurred as 
lambs passed from a prepuberal to a puberal state, a moderate 
increase was observed between the first and third estrous 
cycles and values for these characteristics were largest in 
mature ewes. From this study, it is impossible to determine to 
what degree parity affected the values of these traits in 
mature ewes. However, it would appear reasonable to assume 
that uterine distortion and involution associated with 
multiple pregnancies, and possibly mature body size, may 
effect larger values observed for the gross morphological 
characteristics of uteri in mature ewes as compared to ewe 
lambs.

Other than segmental lengths and weights of oviducts, 
values obtained for all gross morphological characteristics in 
mature ewes were greater 24 h after estrus or EB relative to 
those from corn oil-treated mature ewes. This may indicate 
that estradiol induces alterations in the reproductive organs 
regardless of preceding progesterone concentrations in mature 
females. ’While diameters of ampullae, isthmi and uterine 
bodies and oviductal weights were largest in EB-treated MEO 
ewes, uterine cornual diameters and uterine weights were 
largest in untreated ME ewes 24 h after estrus. The reason for 
this finding is not clear, however, it is possible that 
initial steroid receptor expression or threshold steroid 
concentration requirements for the initiation of receptor
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down-regulation are not equivalent in all tissue types of the 
oviducts and uteri. In mature ewes, lengths of oviducts, 
ampullae or isthmi did hot differ among ME, MEO or MEC ewes. 
This may indicate that the lateral connective tissue framework 
(serosa and submucosa) supporting the oviduct is inelastic and 
comparatively stable during alterations in the steroidal 
environment.

In prepuberal ewes, there was a high positive correlation 
between ampulIary and isthmic diameters and between uterine 
body diameters and uterine weights, but these characteristics 
were not correlated in FE ewes and had only a moderate 
positive correlation in TE ewes. However, there was a high 
negative correlation between ampulIary and isthmic lengths in 
PP ewes, but they were not correlated in post-puberal ewes. 
Additionally, diameters of uterine cornua and bodies were 
positively correlated in PP ewes but not in post-puberal ewes. 
Additionally, an decreasing level of association was observed 
between oviductal and uterine weights throughout the puberal 
transition. These results may indicate that tubal segments of 
the reproductive tract develop more or less as a single unit 
in the neonatal lamb and these processes are possibly 
associated with general body development, where once the 
puberal transition is initiated, steroidalIy-induced 
alterations of reproductive organ morphology become a primary 
factor effecting further cyclic and long-term development of 
specific tissues. Lengths of oviducts and ampullae were
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positively correlated in PP, FE and TE ewes and oviductal and 
isthmic lengths were positively correlated in FE and TE ewes, 
but not in PP ewes. This is likely associated with the high 
negative correlation between ampulIary and isthmic lengths in 
PP ewes and could represent a difference in the developmental 
pattern of isthmi relative to the other segmental regions of 
the reproductive tract during the puberal transition.

In common with untreated ewes, oviductal lengths of Es
treated ewes, at all levels of reproductive maturity, had a 
high positive correlation with the lengths of ampullae and 
isthmi. A positive association between traits of organ 
components and those of the organ itself should be expected. 
However, these lengths are universally associated throughout 
the transition, from sexual immaturity to maturity, and this 
may be another indication that these lengths are more closely 
associated to general body development rather than to 
reproductive maturity in ewes. Ampullary diameters were 
negatively correlated with isthmic diameters and oviductal and 
uterine weights in PPO ewes, but correlations among these 
traits were generally positive in post-puberal ewes. This is 
probably explained by disproportionately large values of 
ampulIary diameters obtained in PPO ewes. Isthmic diameters 
tended to have an increasingly negative correlation with 
lengths of oviducts, ampullae and isthmi from the prepuberal 
state through the third estrous cycle, however, ISTD had a 
slight to moderate positive correlation with these traits in
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MEO ewes. The significance of this finding is not clear, 
however, it may indicate that the causative factors of these 
changing relationships continue to develop after the puberal 
estrous cycle and could be associated with parity. Uterine 
body diameters had a high positive correlation with lengths of 
oviducts, ampullae and isthmi in PPO ewes, however, their 
levels of association decreased with advancing maturity in EB- 
treated ewes. This relationship probably results from the 
apparent lack of steroid sensitivity of segmental length 
characteristics and the high degree of steroid sensitivity 
inherent in diametric characteristics of these segments.

In mature ewes, oviductal length was moderately to 
highly correlated with lengths of its segments and its 
oviductal weight in all mature ewes. Isthmic diameters were 
positively correlated with isthmic lengths and oviductal or 
uterine weights in ewes 24 h after estrus or EB, however, 
these correlations became negative in corn oil-treated ewes. 
A similar pattern is seen in correlations among lengths and 
diameters or weights, although to a lesser degree. Since 
segmental lengths appear to be relatively stable, these 
relationships must be partially the result of a steroid- 
induced increase of diameters and weights and also some' degree 
of their regression in ewes from which the ovarian source of 
steroids had been removed.

The developmental pattern of both gross morphological and 
histometric traits appears to be nonlinear and can be
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characterized by the highest rate of development occurring 
during the transition from a prepuberal to a puberal state 
followed by a marginal increase between the first and third 
estrous cycles. Further substantial development occurs in 
mature pluriparous ewes.

This pattern was also apparent in most cellular and 
nuclear characteristics of the uterine epithelia of untreated 
ewes 24 h after estrus, including their heights, widths and 
volumes: It was also represented in the developmental pattern 
of the total area of the muscularis. Luminal circumference in 
uterine cornua remains stable throughout. development, 
indicating- that the complexity of luminal design is not 
different between neonatal and mature ewes. Increases in area 
of the developing muscularis occurred independently of 
parallel changes in both its inner and outer circumferences. 
Taken together, these data indicate that, while thickness of 
the muscularis increases in maturing ewes, development of the 
submucosa also effects an increase in uterine cornual diameter 
during reproductive maturation. Changes in the uterine 
submucosa probably represent increased glandular development 
associated with exposure to estradiol as noted by Mossman 
(1980) and Nillson and Reinius (1969) and may signal 
proliferation of glandular epithelia shown to become steroid 
dependent after approximately 26 d of age in neonatal lambs 
(Bartol et al. ,, 1988a) .

Cell widths were an exception in that there ' was an
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initial increase between PP and FE ewes followed by a decrease 
between FE and TE or ME ewes. The methodology used to estimate 
this characteristic consisted of dividing a known length of 
the basal lamina by the corrected number of nuclei located 
within that length. This procedure assumes a minimal degree of 
cellular stratification within the luminal epithelia to avoid 
underestimation of cell widths .due to stratification, or 
stacking, of nuclei. Since a large proportion of epithelia 
from uteri, isthmi and ampullae had some degree of 
pseudostratification, this result probably does not properly 
reflect the true biology of cellular widths in these tissues.

The ratio of nuclear to cell volumes remained relatively 
constant in uterine epithelia, however, the number of cells 
per mm2 was largest in PP ewes and decreased between PP and FE 
ewes before progressively increasing in TE and ME ewes. These 
histometric data represent another indication that epithelium 
remains comparatively quiescent until acted upon by a cyclic 
pattern of ovarian steroids associated with puberty. During 
this period, epithelia presumably acquires its supportive role 
in reproduction. Both nuclear and cell volumes increased 
during puberty. This has been described to occur in 
association with increased metabolic activity required to 
drive ion transport systems (Gott et al. , 1988) and with 
production and delivery of secretory and transudative products 
to the lumen (Hadek, 1955; Restall, 1966) .

Estradiol benzoate treatment of ovariectomized ewes
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appeared to have a general stimulatory effect on the.gross
morphology and histometry of uterine cornua. However,
examination of cornual histometric data leads one to conclude
that a difference exists between the degree of cellular and
nuclear responsiveness to estrogens in prepuberal ewes.
Epithelial cell heights, widths and volumes in EB-treated
prepuberal ewes were greater than these characteristics in FEO
ewes. In contrast, nuclear heights, widths and volumes of
these cells were much smaller in EB-treated prepuberal lambs
relative to these characteristics in EB-treated FEO, TEO and
MEO ewes. Additionally, the ratio of nuclear to cell volumes
was smallest in PPO ewes. These data indicate that, while
there appears to be a cellular capacity to respond to
steroidal stimulation prepuberalIy, these responses are not
mediated through increased nuclear activity. Nuclei of uterine
epithelia seem to be estrogen insensitive until the first
estrous cycle is initiated and this is possibly related to the
initial exposure to progesterone concomitant with puberty. It ;
is possible that estrogens alter membrane permeability and(or) 
the activity of ion transport systems which could lead to 
cellular hypertrophy and distension. This may, in part, 
explain the high degree of epithelial disorganization noted in 
PPO ewes.

Characteristics of the uterine muscularis were smaller in 
untreated ewes, but paralleled those in EB-treated ewes at 
each stage of reproductive maturation. This could suggest that
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the smooth muscle tissues of the uterus are similar in the 
neonate and mature female in terms of modulating steroidalIy- 
influenced alterations at the cellular level.

In common with gross morphological characteristics of 
uteri in mature ewes, the associated histometric traits were 
greater in mature ewes 24 h after estrus or EB relative to 
those in corn oil-treated mature ewes. Heights and volumes of 
cells, heights, widths and volumes of nuclei, the number of 
cells per mm2 and the ratio of nuclear to cell volumes were 
larger 24 h after estrus than in EB-treated MEO ewes. This 
result is possibly due to initiation of receptor down- 
regulation in the endoplasmic reticulum as a result of high 
sustained levels of estrogen or it may indicate that, in 
intact ewes, steroidal regulation of cyclic alterations in the 
epithelium has time-specific exposure requirements for 
progesterone and estrogen which were not met in ovariectomized 
EB-treated ewes. Area included within the outer of inner 
perimeters of the cornual muscularis was smaller in ME ewes 
than in MEO ewes, but total area of the muscularis did not 
differ between treated and untreated ewes. Sustained 
hyperphysiological concentrations of EB may have effected an 
abnormally high rate of glandular development in the uterine 
submucosa of MEO ewes resulting in distortion of myometria.

Nuclear width also had a correlation of 1.00 with the 
area of the muscularis in PP ewes, but not in FE, TE or ME 
ewes. The reason for such a relationship is unknown. It most
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likely represents a random, one for one increase in the values 
of these two characteristics and probably has no biological 
significance. Area contained within the outer perimeter of the 
muscularis was highly and positively correlated with !AREA and 
MAREA in all post-puberal ewes. These correlations were only 
moderately positive in prepuberal ewes. Total area of the 
muscularis and !AREA had highly positive correlations in post- 
puberal ewes, but they were not associated in prepuberal ewes. 
These findings indicate that uniform myometrial organization 
is not present before puberty, but is possibly induced by 
exposure to cyclic patterns of ovarian steroids in post- 
puberal females.

In EB-treated ewes, cell height and nuclear width were 
negatively correlated in PPO ewes, however, these correlations 
were moderately to strongly positive in FE, TE and ME ewes. 
Cell height and nuclear height had high positive correlations 
in FEO and TEO ewes which was not present in PPO ewes. 
Additionally, nuclear height had moderately to strongly 
negative correlations with LUMDIST, OAREA, !AREA and MAREA in 
PPO ewes, however, nuclear width was either positively or 
uncorrelated with these characteristics in post-puberal ewes. 
These findings lend support to the assertion that cellular and 
nuclear characteristics are differentially sensitive to 
ovarian steroids before the onset of puberty. In PPO ewes, as 
well as EB-treated post-puberal, ewes, strong positive 
correlations were noted between the combinations of OAREA,
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!AREA and MAREA. This was not the case in untreated prepuberal 
ewes and gives another indication that the uterine myometrium 
is responsive to steroidal influences and may be functionally 
competent in prepuberal ewes.

Cell height had moderate negative correlations and 
luminal distance had strong positive correlations with 
myometrial characteristics in untreated ■ ME ewes at 
ovohysterectomy and in corn oil-treated MEC ewes, however, 
these characteristics were not correlated In EB-treated MEO 
ewes. This may indicate that EB had a disruptive effect upon 
organizational traits of either uterine epitheIiaI-submucosa 
or myometria or both.

In an overview of isthmic histometric data, a non-linear 
pattern of developmental transition was observed for some 
characteristics. The highest rate of epithelial development 
occurred as ewes initiated ovarian cycles. There was little or 
no difference between the first or third estrous cycles which 
was followed by another substantial increase in mature ewes. 
In isthmi of untreated ewes at ovohysterectomy, this pattern 
is apparent in heights, widths and volumes of cells and 
nuclei, and in the area contained within the outer perimeter 
of the muscularis. However, other histometric characteristics, 
including luminal distance,, total segment surface area and 
number of cells per segment, and the ratio of nuclear to cell 
volumes, seem to have followed a different pattern during 
development. The values of these isthmic characteristics were
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typically larger in FE ewes than in PP ewes, however, they 
seemed to regress again between, the first and third estrous 
cycles. Their values in TE ewes did not differ from or were 
less than those obtained from PP ewes. Additionally, area 
within the muscularis was characterized by the same pattern, 
but regression between FE and TE ewes was not as extreme. 
Total area of isthmic muscularis was equivalent in PP and FE 
ewes and then progressively increased in TE and HE ewes, a 
developmental pattern similar to that of gross diameters of 
isthmi. Isthmic epithelium appears to parallel the non-linear 
developmental pattern found in uterine histometry. However, 
development and organization of certain isthmic traits, which 
are probably related to the functional competence of this 
segment, are unique in their apparent regression after puberal 
estrous.

It is unlikely that the regression of these isthmic 
traits in TE ewes represents a decrease in estrogenic 
sensitivity in itself.. Values for these characteristics were 
roughly equivalent in ovariectomized EB-treated FEO and TEO 
ewes. This indicates that these traits are probably not 
regulated by only estradiol and that epithelia-supporting 
submucosa and the muscularis may have tissue-specific exposure 
requirements for both progesterone and estrogen for normal 
development to occur during puberty. Before onset of first 
estrus, isthmic epithelia is apparently sensitive to 
estrogenic stimulation. Heights, widths and volumes of cells
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and nuclei, luminal distance and number of cells per mm2 were 
not different between PPO and FEO ewes, but these values in 
PPO ewes were greater than those in untreated prepuberal ewes. 
Unexpectedly, cell and nuclear heights, widths and volumes 
were largest in TEO ewes and were smaller in MEO ewes than in 
FEO ewes. The reason for this finding is not clear, but it may 
indicate differences in steroidal responsiveness of isthmic 
epithelia between mature ewes and puberal lambs and may be 
related to development of isthmic functionality.

In EB-treated ewes, cell volume per mm2 was larger at 
one-third than at two-thirds the isthmic'length proximal to 
the uterus. Apparently, epithelial cells proximal to the 
uterus were more sensitive to estrogenic stimulus than those 
in more distal locations.

Relationships among histometric characteristics of isthmi 
were similar to those of uteri in mature ewes. All histometric 
characteristics were larger in mature ewes 24 h after estrus 
or EB than those in corn oil-treated mature ewes. 
Additionally, cellular and nuclear heights, widths and volumes 
were larger in ME ewes at ovohysterectomy than in EB-treated 
MEO ewes at hysterectomy, where the opposite relationship 
applied to characteristics of the muscularis, luminal 
distance, segment surface area and the number of cells per 
segment.

Isthmic cell height had moderate to high positive 
correlations with NWIDTH, LUMDIST, OAREA, IAREA and MAREA in
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PP ewes, however, CHEIGHT was not correlated with these 
characteristics in FE, TE or HE ewes. Moderate positive 
correlations were present between nuclear width and LUMDIST, 
OAREA, IAREA and MAREA in PP ewes, however, these correlations 
became moderately negative in FE ewes and were not present in 
TE or ME ewes. Luminal distance had moderate to high positive 
correlations with OAREA, IAREA and MAREA in PP, TE and ME 
ewes, but these correlations were not present in FE ewes. 
These relationships were not present in the uterine cornua and 
may give an indication that the transitional patterns of 
development are not equivalent between isthmic and uterine 
histometry. Additionally, histometric data indicates cellular 
and macrohistologic characteristics of the isthmic lumen and 
muscularis follow differing patterns development through the 
puberal transition in ewes. Correlations among the three 
combinations of OAREA, IAREA and MAREA were high and positive 
in PP, FE, TE and ME ewes. This may indicate that these 
relationships within the isthmic muscularis remain uniform 
throughout the developmental transition of the isthmus.

Area contained within the outer perimeter of the isthmic 
muscularis had moderate to strong positive correlations with 
IAREA and MAREA in PPO, FEO, TEO and MEO ewes, but 
correlations between IAREA and MAREA were moderate in only PPO 
and MEO ewes and were not present in FEO ewes and weakly 
positive in TEO ewes. The relevance of this finding is not 
clear, however, it should be pointed out that the histometric
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data and correlations for both the uterine and isthmic 
muscularis tends to show that total area of the muscularis is 
more closely associated with OAREA than with !AREA.

As was the case for uterine cornua, luminal distance of 
the isthmi had moderate to high positive correlations with 
OAREA, !AREA and MAREA 24 h after estrus or corn oil in ME and 
MEC ewes, respectively. However, luminal distance was not 
correlated with the characteristics of the muscularis in EB- 
treated MEO ewes. It is possible that progesterone may play a 
role in determination of the organizational patterns and 
relationships among these isthmic characteristics in ME ewes. 
Area contained within the outer perimeter of the muscularis 
was positively and highly correlated with IAREA and MAREA in 
ME, MEO and MEC ewes. However, correlations between IAREA and 
MAREA were moderate and positive in ME and MEO ewes and it was 
weakly positive in corn oil-treated MEC ewes. This may 
indicates that estrogenic stimulation can induce alterations 
in both isthmic submucosa and muscularis.

The same non-linear developmental pattern seen in uterine 
cornua and isthmi was found in some characteristics of 
ampulIary histometry. In ampullae of untreated ewes at 
ovohysterectomy, this pattern was seen in changes of cell 
height, cell and nuclear volumes per mm2 and the number of 
cells per mm2, luminal distance, and total segmental surface 
area and number of cells per segment. However, cell widths and 
volumes progressively increased to their largest values in TE
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ewes before decreasing again in ME ewes, but nuclear volumes 
increased progressively in FE, TE and ME ewes. This may 
indicate that individual epithelial cells are more active in 
production of secretory and transudative products in ewe lambs 
during the third estrus period than at estrus in mature ewes. 
In common with the isthmic muscularis, OAREA and MAREA in 
ampullae regressed between the first and third estrous cycles 
while !AREA remained relatively stable during this period. The 
ratio of nuclear to cell volumes in the ampullae remained 
unchanged among PR, FE, TE and ME ewes, however, they were 
approximately twice as large as those ratios found in the 
epithelia of the uterine cornua and isthmi. This finding may 
indicate that ampulIary epithelium is more active than that of 
the uterine cornua or isthmi in regard to the production of 
proteins and other secretory products associated with estrus 
behavior as reported by several authors (Hadek, 1955; Restall, 
1965; Verhage et al. , 1979; Blandau, 1983). The number of 
major plicae within the ampulIary lumen did not differ among 
pp, FE, TE or ME ewes. These data may indicate that the gross 
organizational pattern of lamina propria underlying the 
epithelia is determined before puberty and is static 
throughout the period in which reproductive maturity is 
attained.

The ampulIary histometry of EB-treated ewes can be 
characterized by the values for most traits in PPO ewes, 
excepting widths and volumes of cells and nuclei and segment
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surface areas, being larger or equal to those values in FEO 
ewes. Estradiol benzoate-induced alterations of ampulIary 
epithelium and muscularis indicates that steroidal sensitivity 
of these ampullary components exists before the onset of 
reproductive cycles. Furthermore, prepuberal responsiveness to 
estrogenic stimulation appears to be common to many 
characteristics of the uterine cornua, isthmi and ampullae. 
The values for cell heights and widths and cell and nuclear 
volumes regressed slightly after the first estrous cycle and 
these reductions were progressive in TEO and MEO ewes. Given 
the previous discussion of the relationship between cell width 
and stratification of the epithelia, the degree of changes in 
the derived values of ampullary cell widths may be a better 
indication of an increasing level of epithelial 
pseudostratification than of actual changes in cellular 
widths. Data regarding individual cells of ampullary epithelia 
indicate that, while the number of cells per segment were much 
greater in EB-treated mature ewes, the individual cellular and 
nuclear volumes and their volumes per mm2 were smaller in 
these ewes than in EB-treated FEO or TEO lambs. In contrast, 
data regarding the characteristics of the muscularis or 
segment areas were much larger in mature ewes than in PPO, FEO 
or TEO ewes. It appears that development of estrogen 
sensitivity and(or) manner of response of cellular 
characteristics of epithelia and muscularis of uterine cornua, 
isthmi and ampullae differ during reproductive maturation. In
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EB-treated ewes, luminal distance was greater at one-third 
than at two-thirds the ampullary length proximal to the ovary. 
This relationship applied to PPO, FEO, TEO, MEO and MEC ewes. 
Additionally, differences in LUMDIST at these sample locations 
became progressively larger as the degree of reproductive 
maturation progressed. This would indicate that differences 
exist throughout the length of the ampullae regarding 
responsiveness of mucosal development to estrogenic stimulus 
and that the distal ampullae is more sensitive than the 
proximal ampullae. This phenomenon may be related to 
concurrent functional differences in secretory activity 
throughout the ampullae, however, since this effect was not 
present in untreated ewes, its biological relationship to 
fertility is uncertain.

Values for histometric characteristics of ampullae as 
well as isthmi and uterine cornua were larger in mature ewes 
24 h after estrus or EB than 24 h after corn oil-treatment in 
MEC ewes. Unlike the isthmus, ampullary epithelial cell 
widths, nuclear heights and cell volumes were larger at 24 h 
after EB in MEO ewes than 24 h after estrus in ME ewes. The 
degree to which the data reflects actual cell widths is 
questionable due to the high degree of epithelial 
pseudostratification observed in oviducts from mature ewes, 
however, nuclear heights were directly measured and calculated 
cell volumes were not affected by the degree of epithelial 
stratification. These data indicate that epithelial cells of
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ampullae and isthmi respond differently to high sustained 
levels of estrogens and that certain cellular and nuclear 
traits of the ampullae are less responsive to fluctuations in 
systemic estrogen concentrations relative to the same traits 
in isthmi of mature ewes. In contrast to the isthmus, OAREA 
and IAREA of the ampulIary muscularis were greater in HE ewes 
than in MEO ewes, however, MAREA was larger in EB-treated MEO 
ewes than in ME ewes. It is likely that progesterone 
influences cyclic changes of the muscularis in intact cycling 
ewes and that ovariectomy of MEO ewes 5 d before EB-treatment 
possibly altered the manner in which the muscularis responded 
to estrogenic stimulation.

Nuclear width had moderate positive correlations with 
LUMDIST, OAREA, !AREA and MAREA in PR ewes, but these 
correlations were not present in FE, TE or ME ewes. These 
relationships may be an indication that cellular and 
macrohistologic characteristics of the oviductal lumen and 
muscularis are developmentally related in the neonate, then 
follow differing patterns of development as reproductive 
maturity is acquired. Nuclear height had moderate positive 
correlations with LUMDIST, OAREA and !AREA-in TE ewes, but 
these correlations were not present in PR, FE or ME ewes. In 
common with the isthmus, moderate to strong positive 
correlations were noted among the combinations of LUMDIST, 
OAREA, IAREA and MAREA in the ampullae of PP, FE, TE and ME 
ewes. Positive associations among these oviductal
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characteristics throughout the attainment of reproductive 
maturity indicate that they may be developmentalIy related. 
Unexpectedly, the number of plicae within the ampullae of FE 
ewes had moderate negative correlations with all other 
characteristics except total area of the muscularis, however, 
these correlations were weak or nonexistent in PP, TE or ME 
ewes. Explain that.

Ampullary cell height had a moderate positive correlation 
with area of the muscularis in EB-treated PPO ewes. 
Correlations between these traits progressively decreased in 
FEO, TEO and MEO ewes. Additionally, correlations between 
CHEIGHT and FOLDS and between NWIDTH and MAREA or FOLDS were 
moderately positive in PPO ewes and became progressively 
negative in FEO, TEO and MEO ewes. These data provide an 
indication that, after the onset of puberty, the epithelia 
follows a different pattern in the development of steroidal 
responsiveness than the submucosa or muscularis in ampullae. 
In common with the isthmus, moderate to strong positive 
correlations were present among the combinations of LUMDIST, 
OAREA and IAREA in PPO, FEO, TEO and MEO ewes. However, area 
of the muscularis was weakly correlated with LUMDIST, OAREA 
and IAREA in PPO ewes, these correlations were moderately 
positive in FEO ewes and progressively decreased in magnitude
in TEO and MEO ewes. These data may indicate that the level of

: ■estrogenic responsiveness of the ampulIary muscularis and 
submucosa is. altered at the first eStrous cycle possibly as a



result of oviductal exposure to progesterone concomitant with 
the onset of puberty.

In mature ewes, ■ cell height had moderate positive 
correlations with LUMDIST, OAREA, !AREA and MAREA in corn oil- 
treated MEC ewes. These correlations were weakly negative in 
ME ewes and weakly positive in MEO ewes. The same 
relationships were found between nuclear width and LUMDIST, 
OAREA and !AREA. The association between these characteristics 
was highest in ovariectomized corn oil-treated mature ewes and 
in untreated prepuberal ewes which may indicate that these 
traits are typically associated in both prepuberal and adult 
ewes until alterations in both individual cells and 
macrohistologic traits of the submucosa and muscularis are 
differentially effected by ovarian steroids. Correlations 
among the combinations of ampulIary LUMDIST, OAREA and IAREA 
were high and positive in ME, MEO and MEC ewes. Area of the 
muscularis had strong positive correlations with LUMDIST, 
OAREA and;IAREA in ME ewes. These correlations were moderate 
and positive in MEC ewes and were not present in EB-treated 
MEO ewes. It is likely that exposure to progesterone,as well 
as estrogen influences the histometry of the oviducts, 
otherwise one would expect correlations among these 
characteristics to be equivalent in terms of being either 
positive or negative in both ME and MEO ewes.

Although the proportions of ewes which had ovulated by 24 
h after the onset of estrus were not statistically different

138



139
among ewes that exhibited first or third estrus or mature 
ewes, a smaller proportion of ewes ovulated within 24 h after 
the onset of first estrus relative to mature ewes. Delay or 
inadequate regulation of ovulatory timing at puberal estrus 
may play a role in the decreased fertility associated with 
breeding ewes at the first estrous cycle through at least two 
mechanisms. First, it is likely that delayed ovulation would 
negatively effect timing of ova transport: possibly resulting 
in ova remaining in the upper ampullae during the period at 
which they would have already passed to the region adjacent to 
the ampullary-isthmic junction in reproductively mature ewes. 
Secondly, sperm are typically located in the proximal isthmus 
for 17 to 18 h in adult ewes before movement is again 
initiated toward the ampullae (Hunter and Nichol, 1983). If 
ovulation were delayed past 24 to 30 h, the -population of 
capacitated viable sperm within the oviductal lumen would be 
expected to have decreased considerably due to losses into the 
peritoneal cavity (Hunter and Nichol, 1983; Parrish et al., 
1989). Further study is required regarding the timing of 
ovulation during the puberal transition relative to subsequent 
estrous cycles in sheep.'

Follicles visible on the ovarian surface which were less 
than 2.0 mm in diameter increased progressively in prepuberal 
ewes and ewes that had exhibited first or third estrus. 
Although fewer in number, the same pattern was apparent for 
follicles of 2.0 to 4.0 mm in diameter in prepuberal ewes.
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ewes that exhibited first or third estrus and mature ewes. 
These results may represent a function of the increasing 
ovarian surface area during maturation of these ewes. Numbers 
of superficial follicles follow a non-linear developmental 
pattern similar to that observed in most gross morphological 
and histometric characteristics with the.largest differences 
being between prepuberal lambs and cycling lambs and also 
between cycling lambs and mature ewes. Since ovarian weights 
or surface areas were not measured, it was not possible to 
determine if these traits developed under a similar pattern. 
The number of follicles larger than 4.0 mm was higher in 
prepuberal lambs than in either ewes which exhibited first or 
third estrus. This is probably the result of LH-induced 
follicular atresia at the onset of the first and third estrous 
cycles. The number of these of these follicles was highest in 
mature ewes and may be related to higher levels of estrogen 
production in the mature ovary.

The development of uterine epithelial cells of untreated 
ewes was characterized by a change from a quiescent state, 
marked by a relatively compact and uniform layer of simple 
columnar cells, in prepuberal ewes to an apparently active 
state of taller columnar epithelium in cycling ewes. 
Subjective examination revealed a unique characteristic of 
uterine epithelia of prepuberal EB-treated ewe lambs: this 
epithelia appeared as a dissorganized layer of highly 
irregular thickness composed of small, compact and apparently
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distorted cells unlike that of untreated prepuberal ewes. 
Administration of exogenous estrogens in neonatal mice has 
resulted in a similar inhibitory and disruptive, effect on 
myometrial development (Ostrander et al. , 1985: Iguchi and 
Takasugi, 1987) and similar mechanisms may play a role in 
uteri of prepuberal lambs exposed to EB.

Unique cytoplasmic projections have been described in the 
ampulIary epithelium of sheep (Casida and McKenzie, 1932; 
Hadek, 1955; Restall, 1966; Nillson and Reinius, 1969) and 
cattle (McDaniel et al. , 1968; Desjardins and Hafs, 1969). 
Description of both types of structures observed exclusively 
in ampullae of mature ewes in this study are in close 
agreement with the literature. However, the nature of these 
projections remains unclear. While they do not appear to be 
holocrine secretory products (Hadek, 1955; McDaniel et al., 
1968) it has not been demonstrated that they represent a 
series of events leading to extrusion of nuclear material into 
the lumen.

In summary, these data indicate that alterations of the
oviduct and uterus occur at both the gross and

. \ -
micromorphological levels during the puberal transition of 
ewes. A non-linear pattern of developmental transition appears 
to be common to many characteristics at both levels. This 
indicates that oviductal and uterine morphometry and tissue- 
specific histometry are undoubtedly associated during sexual 
maturation. Additionally, the parallelism between morphometric
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and histometric trends observed in this study may be the 
result of expression of the same mechanisms quantified at 
different levels (i.e. tissue vs. cell).

Quantification of the specific relationship between 
puberal exposure to ovarian steroids and changes they elicit 
in reproductive organ function requires further study. It 
appears likely that initial exposure to progesterone following 
the silent ovulation serves to alter the mechanisms by which 
these tissues respond to estrogens in the puberal ewe. 
Attainment of fertility and physical maturation of the 
reproductive organs in the ewe is likely manifested through 
changes in organ sensitivity and the manner of response to 
cyclic patterns of ovarian steroids during the puberal 
transition.
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Photomicrographs were produced to obtain a two-dimensional 

representation of each oviductal and uterine tissue sample from 
which micromorphological measurements could be taken. The 
process involved three steps: I) exposure of the microscopic 
image, 2) development and enlargement of the negative, 3) 
digital analysis of the image.

• The objectives of photomicroscopy were to obtain 
representations of an entire cross section and representations 
of the lumenal epithelia of each ampulIary, isthmic and cornual 
sample. Qualifying criteria were perpendicular (i.e., round) 
cross sections and intact regions of mucosal epithelia. Areas 
of mucosal epithelia to be photographed were randomly selected 
from among intact regions of the lumen in the ampullae, isthmi 
and cornua. Because of plical complexity of the ampulIary 
mucosa, proximal and distal regions of the major plicae were 
tested for differences in epithelial cell height, nuclear 
height, nuclear width and number of cells per unit. In two or 
four replications, coefficients of variation were 5% or less 
between proximal and distal plical orientation.

The phototube of a Zeiss compound microscope was fitted 
with an Olympus OM-2 35 mm SLR camera. Kodak Plus-X pan black- 
and-white film (ASA 100) and the camera's automatic exposure 
setting was used for all photography.

Photomicrographs of tissue samples were taken at the 
magnifications given in the text (p. 48) . In addition, 
exposures of a calibration slide with an engraved scale, I mm
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in length with 100 divisions, were made with the microscopic 
objectives for the different magnifications.

Negatives were developed and individually enlarged on a 
Beseler-Dichro enlarging easel. Negatives of isthmic and 
cornual cross sections, and of ampulIary, isthmic and cornual 
epithelia were enlarged and printed on 5 X 7 inch Kodak SC-III 
stabilization paper (exposure = f. 8 at 7 to 11 sec). For 
increased resolution, negatives of ampulIary cross sections 
were enlarged and printed on 8.5 X 11 inch Kodak RC-III F paper 
(exposure = f. 8 at 14 to 22 sec) . An automated Spiratone Print- 
All processor was used to develop and stabilize the prints. 
Kodak RC-III paper required fixation in Kodak Rapid-Fix (paper 
dilution). Degree of enlargement for both print sizes, 
including calibrations, was standardized, with the narrow axis 
of the enlarged image equalling either 5 or 8.5 inches for 5 
X 7 or 8.5 X 11 inch print paper,, respectively.

An informational digitization process was used to obtain
measurement's for the variables of the photomicrographs. The
system consisted of three major components: an 11 by 17 inch,
Kurta-IS/ONE input system board, a cordless pen-cursor and
Jandel Sigma-Scan scientific measurement software intailed in
a Kaypro-I6 personal computer. Photomicrographs of calibration
standards were used to calibrate area and distance measurements
taken through the input system for each print size.
Measurements were taken by placing a photomicrograph on the

: ' , - ' . ■ , input board's surface and either marking the endpoints of the



distance to be measured or tracing the perimeter of the area 
to be measured with the puck. This information was 
automatically stored in a spreadsheet format of the Jandel 
software program and later downloaded in a DOS-compatible ASCII 
format.

With the exception of three isthmic samples discarded due 
to oblique sectioning and three others lost to dehydration, 
tissue samples obtained from each ewe after surgery were 
photographed and measured.
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The following calculations were used to define additional 

histometric variables related to the mucosal epithelia of 
oviducts and uteri.

1) Cell Width:
Assuming one nuclei per epithelial cell, cell width equals 
the distance /m, over which the raw nuclear count was 
made, divided by the corrected nuclear number 
(Abercrombie,1946).

2) Nuclear Volume:
Nuclear shape most closely approximated an ellipsoid. 
Therefore, nuclear volume was calculated by the formula: 
(4/3) Trabg was used, where a equals the major nuclear 
semiaxis and b equal the minor nuclear semiaxis. Semiaxes 
lengths were obtained directly from nuclei sections 
sagitally (major) and transversely (minor).

3) Number of Cells per mm2:
Equals the squared value of the corrected nuclear count 
per mm.

4) Nuclear Volume per mm2:
Nuclear volume multiplied by the number of cells per mm2.

5) Cell Volume per mm2:



Orte mm2 (IGOO2 /m) multiplied ,by epithelial cell height.

6) Cell Volume:
■ 2Cell volume per mm2 divided by number of cells per mm .

7) Nuclear Volume to Cell Volume Ratio:
Nuclear volume divided by cell volume.

8) Surface Area of the Ampullary and Isthmic Segments:
Circumference of the mucosal—lumenal boundary multiplied 
by ampullary or isthmic length.

9) " Number of Cells per Ampulla or Isthmus:
Surface area (mm2̂ multiplied by "the number of cells per 
mm2 for each segment.

166



2
>


