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INTRCDUCTICN

The veterinary practitioner 1s occasionally called upon
to terminate an unwanted pregnancy in the female of the
canine species. While the use of diethylstilbestrol for this
purpose has been frequently reported, information on the
histologlcal and histochemlcal changes that occur in the
canine genitalia is not, at the present, readily available
in the literature.

The purpose of this study was to investigate arnd
report the cytological changes which may be seen in the
uterus, fallopian tubes and ovary following the parenteral

administration of dlethylstilbestrol to inmduce early abortion.



REVIEW OF THE LITERATURE

The Canine Estral Cycle

The bitch 1s a monestrus animal, having one estrus per
breeding season. Most bitches have two breeding seasons per
year, usually in the spring and autumn (Venzke and Donovan,
1966). They can, however, occur at any time of the year
(Hancock and Rowlands, 1949). The age at which sexual
maturity is reached varies among breeds and individuals with-
in a breed (Hancock and Rowlands, 1949). Smaller breeds tend
to have shorter intervals between breeding seasons than
larger breeds (Harrop, 1960). Consequently, a small dog may
have three or even four breeding seasons a year.

Arenas and Samartino (1939) classified the canine estral
cycle according to the follicular activity of the ovary.

The stages they listed are: (1) resting period, 2 months,
(2) follicular phase, 3-4 weeks, (3) luteal phase, 3 weeks,
and, (4) regressive phase, 2% months.

Evans and Cole (1931) have contributed a classical
description of the estral cycle of the dog. They divided the
cycle into four stages: proestrus, estrus, metestrus and
anestrus. A summary of theilr histological observations
follows.

In proestrus, the endometrium contalns simple uterine

glands and shows edema of the connective tissue stroma,



hyperemia and extravasations of blood into the subepithelial
tissue of the uterus. The ovary contains many follicles of
various sizes, the number being markedly reduced at the end
of active estrum. In the dog, folding of the follicular wall
occurs before ovulation. This folding of the mural granulosa
involves the connective tissue and blood vessels of the theca
interna. The ovum does not float free in the ligquor folli-
culi until the time of the first acceptance of service.-
Proestrus 1s timed from the onset of the sanguinous vaginal
discharge to the first acceptance, a periocd ranging from 7
to 13 days in length with an average duration of 9 days.
Estrus extends from the day of the first acceptance of
the male to the day of the last acceptance, a period ranging
from 6 to 13 days in length with an average duration of -7
days. Not much change occurs in the endometrium until the
sixth day of estrum, at which time the epithelium of the
crypts and deep-lying glandular tubules becomes larger and
higher. The number of follicles in the ovary has been reduced
at the time of first acceptance. Many follicles are under-
going atresia at this time. Ovulation is said to be spon-
taneous and all ova are expelled within the first 24 hours of
the first acceptance of coiltus. Griffiths and Amoroso (1939)
revorted ovulation as occuring in the first 1 to 3 days of
estrus. The newly formed corpora lutea cells, as described

by Evans and Cole, are not compact but by the eighth day



after the onset of estrus, they are compactly arranged,
although large cavities may be seen in the luteal tilssue.

Metestrus 1s the perliod between the last acceptance of
the male and the completion of the regenerative process, a
period ranging from 88 to 99 days with an average duration of
90 days. Mitoses are seen in the deepest portions of the
uterine glands and the glandular complex increases. Further,
Evans and Cole described three distinct zones of the endo-
metrium: (1) a superficial one completely occupied by en-
larged crypts and showing columnar epithelium, (2) a middle
zone consisting mainly of connective tissue in which are
scattered the neck portions of the glands, and, (3) an outer
zone crowded with branched and colled uterine glands. This
appearance remains up to the li4th day of metestrus, regardless
of the presence or absence of pregnancy. On the 20th day,
regression of the glandular complex begins in the non-pregnant
animal and 1s very marked by the 30th day. By the 70th day,
the surface epithelium has undergone marked degeneration,
being completely replaced by new cells by the 88th day.
Regeneration of the uterine glands is also reported and the
glandular and luminal epithelium are of the low cuboidal type
by the 99th day.

Evans and Cole indicate that lutein cells reach their

maximum size on the 10th day of metestrus and degeneration

begins on the 30th day. In this phase, cords of epithelial



cells from the germinal epithelium extend into the medulla of
the ovary between the corpora lutea. Thls phenomenon has
also been reported by Barton (1945).

In anestrus, the endometrium shows no change from the end
of metestrus. This phase extends from the end of the re-
generative period to the beginning of the next proestrus, a
time which may last for as long as 5 months but usually
averages about 2 months in length.

Mulligan (1942) described the cyclic changes of the canine
female genital tract. He stated that few changes are noted
in the falloplan tubes. A high columnar eplthelium was noted
throughout the lumen on many mucosal folds of the tubes.
Maximow and Bloom (1955) and Trautmann and Fiebiger (1952)
indicated that the epithelium varied from simple columnar to
pseudostratified columnar. Arenas and Samartino (1939) de-
scribed tall, ciliated epithelial cells interspersed with non-
ciliated secretory cells in the follicular phase of the cycle.
As the cycle progressed 1nt6 the luteal phase, the epithelial
cells became a low columnar type and lost their cilia.

Harrop (1960) stated that the anestral epithelial cells were
columnar in type and lacked cilia. Then in proestrus, they

increased in helght, became ciliated and developed a granular
secretory cytoplasm. The cilia were again lost in metestrus.

Mulligan (1942) described a high columnar epithelium of

the endometrium and sub-mucosal glandular structures during



proestrus. He also described hemosiderin-laden macrophages
throughout all layers and suggested that this represented the
recovery of blood lost through focal extravasations. He
divided the endometrium into four layers: (1) a basal glandu-
lar layer, (2) a layer containing the tubules of the glands,
(3) a stromal layer of connective tissue through which the
tubules pass, and, (4) a glandular crypt layer.

The descriptiongof Evans and Cole and Mulligan are in
agreement as to the cyclic changes that occurred. However,
Mulligan further stated that regeneration of the luminal
epithelium arose from the crypts. He also stated that the
corpus luteum of pregnancy retained about the same morphology
at the end of gestation as 1t had 3 weeks after fertilization,
The corpus luteum, 90 days post-partum, corresponded, histo-
logically, to that at the end of metestrus of the non-pregnant
animal. Regression of the corpus luteum was characterized by
fatty degeneration of the lutein cells, phagocytic infil-
tration and invasion by connective tissue cells to eventually
form the avascular remnant, the corpus albicans (Brambell,
1956).

Mulligan (1942) and Amoroso (1952) described the pre-
implantation and implantation changes that occurred in the
endometrium of the dog. Fertilization of the ova occurred in

the uterine tubules and the zygotes, elther in the morula or

blastocyst stage, entered the uterus 6 to 8 days after ovula-



tion (Griffiths and Amoroso, 1939; Harrop, 1960). The
uterine glands became dilated and had a flattened epithelium.
The tubules were small remnants and the connective tissue

of the stromal layer was stretched and thinned. The crypts
became widened into large recesses lined by flattened epil-
thelium, the recesses enclosing a mucinous material. The
surface epithelium became hyperplastic, was shed and was uti-
lized as food by the embryo. The chorionic villi of the
embryo became intimately assoclated with maternal capillaries
forming the endothelial-chorial type of zonary, deciduate
placenta. Implantation occurred around the 17th day after
ovulation. Regeneration of the endometrium at the inter-
placental areas proceeded as previously describted. This re-
generation was, in the beginning, more complex than that seen
in regeneration of the non-pregnant uterus.

Evans and Cole (1931) and Mulligan (1942) indicated the
duration of metestrus and anestrus to be 90 and 60 days,
respectively. Thelr classifications were based on the histo-
logical aspects of the endometrium and ovary.

Harrop (1960) is of the opinion that, clinically, the
two periods, metestrus and anestrus, are 60 and 90 days in

duration, respectively.

The Vaginal Smear

The original work of Evans and Cole (1931) is recognized



as the classical description of canine vaginal exfoliative
cytology. The cellular changes observed on the vaginal smear
closely followed the various stages of the estral cycle. The
diagnostic value of the vaginal smear has long been recognized
in human medicine (Papanicolaou, 1933). It has also been
investigated in the cow (Hansel et al., 1949), and the ewe
(sanger et al., 1958). Many reports on the clinical use of
this technique in the dog have appeared in the literature
(Roberts, 19563 Gier, 1960; Harrop, 1960; Hooper et al., 1961).

The histological changes that occurred in the canine
vagina were described by Evans and Cole and Mulligan. In the
anestral animal, the epithelium consisted of two layers, a
basal cuboldal and an outer columnar. In prcestrus, the
vaginal epithelium changed to a stratified squamous type with
as many as 20 cell layers. The percentage of cornified epi-
thelial cells that appeared in the vaglinal smear gradually
increased through proestrus. In estrus, the vaginal epi-
thelium gradually sloughed and neutrophils infiltrated it and
the lamina propria. By the first day of metestrus, the
epithelium was 3 to 6 layers thick. The anestral appearance
had returned and cellular infiltration ceased by the 20th day
of metestrus.

The vaginal smear as described by Gler (1960) served as
the method of choice in this investigation. The proestral

smear was characterized by non-cornified epithelial cells, a



higher percentage of which became cornified as the stage pro-
gressed. Erythrocytes were prominent but usually decreased

or disappeared toward the end of proestrus. Leucocytes were
prominent in the early part of proestrus but disappeared about
midway through the stage. Cellular detritus, moderate at
first, became light but did not disappear completely.

During estrus, the vaginal smear showed only cornified
epithellal cells, no leucocytes in the early part, light
cellular detritus and a variable occurrence of erythrocytes.
The leucocytes reappeared about one-half to three-fourths
of the way through estrus. Evans and Cole assoclated this
with the close of estrus but Gler stated this occurred 36 to
43 hours after ovulation. It may, therefore, signal a decline
in the conception rate if breeding occurs after the leuco-
cytes reappear in the vaginal smear.

Cellular detritus became quite heavy in metestrus, fre-
quently obscuring the intact epithelial cells. Many leucc-
cytes were present and, agalin, the occurrence of erythrocytes
was variable. Clumps of ,bacteria were often seen. All epi-
thelial cells were cornified but these disappeared and non-
cornified epithelial cells replaced them as the stage pro-
gressed.

At anestrus, all epithellal cells were non-cornified and
cellular detritus was minimal. Usually there were scattered

leucocytes present but erythrocytes were absent.
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Estrogens == Natural and Synthetic

The nucleus of the naturally occurring sterocids is cyclo-
penteno-perhydro-phenanthrene (Bishop, 1962; Jones, 1957;
Cantarow and Schepartz, 1954). Bishop (1962) listed the
human estrogens as estrone, estradiol and estriol. He also
described how these estrogens were esterified for a more pro-
longed effect and modified for increased potency.

Metzler et al. (1966) listed the following estrogens as
being present in dog plasma in their free forms: estrone,
estradiol-17a, estradiol-17b, estriol and lé-epistriol. They
reported a progressive decline of the amount of free plasma
estrogens in proestrus and suggested that they were being
bound at a more rapld rate as the cycle progressed. In the
bred animal, estrogen peaks occurred at the 3rd to 4th week
of gestation, corresponding to the time of placental formation.
An estrogen peak was also seen in the first week after partu-
rition.

Pearlman et al. (1948) and Siegel et al. (1962) reported
that estriol was not a major metabolite in the dog. Metzler
et al. indicated estriol predominates. While the Metzler
group measured only free estrogens, Paschkis and Rakoff (1950)
stated canine estrogens were primarily in the esterified form.
Metzler et al. suggested, therefore, that, in the canine
species, the free and esterified estrogen level may be very

high, physiologically.
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The changes that occur in the canine endometrium during
the follicular stage of the estral cycle can be appreciated
by the works of Evans and Cole (1931) and Mulligan (1942).
The demonstration of uterine and tubal contractions during
estrus of the rat and pig was reported by Corner (1923). The
visible signs of an approaching canine estrus, which include
vulvar swelling, sangulnous vaginal discharge and attraction
of the male, have been summarized by Harrop (1960).

Estrogenic compounds of the stlilbene series were first
reported by Dodds et al. in 1938. The name "stilbestrol”
refers to 4,4 stilbenediol (diethylstilbestrol). In addition
to diethylstilbestrol (D.E.S.), dlenestrol and hexestrol,

both of the stilbene group, were reported. Bilshop (1962)
mentioned another class of synthetlc estrogenic compounds,
chemically unrelated to the stilbestrol, the naphthalene
derivatives. More recently, Sharman (1964) reported the new
synthetic estrogen 3=-cyclopentyloxy=-oestre-=1l:3:5 (10)=triene-
163:1?B—d1011. He stated that this compound was selective in
its action and exerted its éffect on the lower segments of
the genital tract of the human being. It was only slightly
effective on the endometrium.

Emmens et al. (1959) reported on estrogen inhibitors of

the stilbestrol series. Emmens et al. (1962) listed twelve

1Also known as Pentovis and Colpovis.
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alkylstilbestrols and classified them according to their pro-
estrogenic, estrogenic and anti-estrogenic activity. It was
demonstrated that dimethylstilbestrol inhibited the response
to natural and synthetic estrogens (estradiol, estrone, D.E.
S.), the former more strongly than the latter.

Anti-estrogenic properties of the compounds tested were
determined by their ability to inhibit cornification of the
vaginal eplithelium of the mouse. Using the mouse mitotiec
count method, the relative potency of estradiol, estriol,
dienestrol, hexestrol and D.E.S. was determined (Emmens et
al., 1962). According to this report, estriol amd D.E.S.
were the most potent.

The estrogenic effects of D.E.S. have been reported by
many workers (Doods et al., 1938a, 1938b, 1938c; Folley ard
Watson, 1938, Noble, 1939; Mazer et al., 1941; Reuber et al.,
1961). Dow (1959), in his work on the experimental reproduc-
tion of the cystic-hyperplasia-pyometra complex in the bitch,
gave an excellent description of the endometrium following the
long~-term administration of varying amounts of D.E.S. to ovari-
ectomized dogs. He reported that dogs receiving 5 mg. and
10 mg. D.E.S. per day died on the 33rd to the 38th day and
21st to 28th day, respectively. These animals showed throm-
bocytopenic purpura on postmortem examination. Dogs receiving
0.5 mge and 1.0 mg. D.E.S. per day survived.

Dow (1959) reported the following histological appearance
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of the endometrium following the adminlistration of 0.5 mge.

and 1.0 mg. D.E.S. per day for 10 days: (1) edema with di-
latation of blood vessels in all strata, (2) diffuse extra-
vasation of blood in the crypt layer without evidence of
vascular damage, (3) low columnar luminal epithelium with deep
staining basal nuclei, (4) slight increase in the number of
crypts, which were lined by an epithelium taller than that of
the surface, (5) narrow cryptal and tubular lumina which did
not contain any secretion, (6) traces of glycogen in the
superficial epithelium.

After treatment for 21 to 28 days, the following picture
was described: (1) endometrium edematous but stromal hemor-
rages less marked and numerous hemosiderin-containing
macrophages, (2) tall columnar luminal epithelium, (3) tubules
more numerous with colled basal glands, a few containing a
secretion, and, (4) glycogen in the superficial epithelium.

After treatment for 33 to 38 days, the following was
noted: (1) a reduction of edema, no evidence of stromal hemor-
rhage and a few hemosiderinecontaining macrophages,  (2)
reduction in the width of the periglandular and perivascular
reticulum network and apparent replacement by fine collagen
fibers, (3) more prominent vacuolization of cytoplasm in the
luminal and cryptal epithelium, (4) tubules more tortuous with
an increase in the number of basal glands, and, (5) glycogen

bresent only in a few cells in the cryptal zone.
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Following the administration of D.E.S. for 120 days, Dow
described the following changes: (1) general intensification
of collagen deposition throughout all strata of the endo-
metrium and myometrium, (2) the epithelium of all glandular
structures had become lower and showed no evidence of secre-
tory activity, and, (3) no further increase in the number of
glands in the basal zone.

After 400 days of D.E.S. administration, fibrosis of all
layers of the uterine wall with associated atrophy of the
glandular structures and the cuboidal epithelium of the basal
glandular area were noted.

Dow concluded that estrogenic substances alone do not
cause cystic glandular hyperplasia of the endometrium. How=-
ever, he did demonstrate that this condition could be prcduced
by the administration of progesterone, either alone or in the
"estrogen primed" animal.

Meyer and Nutting (1964), using the rat, reported the
importance of progesterone for implantation and fetal survi-
val. The synergistic action of estrogen and progesterone 1in
the preparation of the uterus for the support of implantation
and early embryonic life was also indicated by the works of
Hisaw and Leonard (1930), who used the rabbit, Teunissen (1952),
who used the dog, and Nutting and Meyer (1964), who used the
rat. Hypertrophy of the endometrial glands and the release

of thelr secretion under the stimulation of progesterone has
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been reported by Hisaw and Leonard (1930), Bradbury et al.
(1950), Teunissen (1952) and Dow (1959).

Pregnancy Prevention and Interruption

Prevenceptives

Suppression of the estral cycle in the dog has been
brought about through the use of hydroxyprogesterone acetatel
(Beard, 1961), repositol progesterone (Burch, 1961), and
medroxyprogesterone2 (Anderson et al., 1965). However, a
report appeared on the increased incidence of pyometra fol-
lowing the use of medroxyprogesterone (Anderson et al., 1965).
The drug has now been withdrawn from the market by the manu-
facturer. Research reported in a more recent paper revealed
the same results using medroxyprogesterone and repositol

progesterone (Brodey and Fidler, 1966).

Abortifacients

Various drugs and procedures have been used for the
interruption of an unwanted pregnancy in the dog. These in-
clude: (1) ether vaginal douches (Sidney, 1965), (2) estradiol
injections (Voute, 19503 Kirk, 1951; Crawford, 1952), (3)
diethylstilbestrol injections and/or oral administration (Grieve

1943; Voute, 1950; Bloom et al., 1951; Kirk, 1951; Harrop,

lProdox, The Upjohn Co., Kalamazoo, Mich.

2Promone, The Upjohn Co., Kalamazoo, Mich.
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1960), and, (4) malucidin injections (Williams, 1965). Harrop
(1960) stressed the importance of the administration of D.E.S.
within 5 to 7 days of the mismating as it may not be pos=-
sible to counteract the progestational effect after that

time.

Friedman (1957) reported the use of the anti-metabolite
o-diazoacetyl-l-serine (azaserine) as an abortificient in
the dog. He stated it was effective after the 19th to the
23rd day. In 1962, Hershberger reported on a non-steroidal
estrogen antagonist used to end pregnancy. This drug, etha-
moxytriphetol, was administered to bred bitches for 28 con-
secutive days after copulation and was found to be very
effective.

The discovery that D,E.S. would prevent pregnancy 1is
credited to Parkes et al. (1938). Their observations on the
actions of ethinyl estradiol and D.,E.S., when used in rabbits,
indicated that the progestational prollferation of the endo-
metrium was suppressed by both.

Burdick et al. (1940) demonstrated that testosterone
proprionate caused tubal retentlion of the ova in mice. Theilr
reports of 1935, 1937 and 1938 stated that estrogen admini-
stration to mice and rabbits resulted in an acceleration of
the rate of passage of the ova through the fallopian tubes.

They reported that this acceleration of the rate resulted in

damage to the fertilized ova and/or expulsion of them into a



by

uterus not yet ready to receive them for nidation. Burdick
et al. (1940) also suggested “"tube-locking” of ova as an
explanation for their degeneration.

Whitney and Burdick (1936) described the "tube-locking"
phenomenon produced by estrogenic substances in the mouse.
They stated that tubal contents are "sucked" back and forth
by to and fro movements or peristalsis of the upper portion
of the tubes. Below this, the tubes are described as being
in a state of spastic contraction. Whitney and Burdick (1938)
also reported the accelerated rate of passage of the ova
through the fallopian tubes of rabbits following the injection
of estrogen. They reported that the endometrial response to
progesterone was delayed by the administration of estrogen.

Greenwald (1957, 1958) demonstrated that estrogens were
responsible for the syntheslis and storage of mucin in the
tubtal epithelium of rabbits and that progesterone was necessary
for the discharge of the secretion. The administration of
estrogens resulted in a reduction in the amount of mucin
deposited around the ova. °Greenwald (1959) reported on the
effectiveness of estradiol, estrone and D.E.S. in interrupting
Pregnancy in the rabbit. All were found to increase tubal
motility. He believed that the more rapid transit of the ova
through the fallopian tubes, which in itself may result in
less time for mucin deposition, was of secondary importance

to the interference of mucin release.
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Parkes et al. (1938), using the rabbit, Velardo et al.
(1956), using the rat, and Stone and Emmens (1964), using the
mouse, observed that estrogen administration shortly after
breeding resulted in the interference with the development of

the proper progestational state of the uterus.

Histochemistry

Histochemical analyses have been conducted on the uterine
wall of the pig during the estrus cycle (Austad and Garm,

1959), and on the uterus and ovary of the sheep (Hadek, 1958a,
1958b). Deane (1952) reported on the periodic acid-Schiff
(P.A.S.) and alkaline phosphatase reactions in the ovary and
oviduct of the rat during the estral cycle.

Fitch (1961) reported on the occurrence of uterine glycogen
during the estral cycle of the dog. He demonstrated the
presence of glycogen in the epithelium of the necks and
deeper portions of the endometrial glands but not in the sur-
face epithelium. In proestrus, he found glycogen present in
moderate amounts in the uterine glandular epithelium and more
abundant at the peripheral ends of the cells. In estrus, the
glycogen content in the secretory parts of the glands increased
but was still more concentrated at the peripheral ends of the
cells. In metestrus, heavy deposits of glycogen appeared in

the deeper, coiled portions of the glands but decreased

markedly when the lumina became filled with P.A.S.-positive



19

material. In regressive metestrus, glycogen again became
prominent in the uterine glandular epithelium and remained
so during anestrus.

Erichsen (1953) described P.A.Sepositive granules in the
supranuclear cytoplasm of the epithelium of the glands and
crypts during the proestral-estral perlod in the dog. He
indicated marked depletion of these granules and the appearance
of P.A.Se.=-positive plugs in the lumina of the glands during
metestrus.

Neither Pitch (1961) nor Erichsen (1953) employed the
alkaline phosphatase technique in their works. However,
alkaline phosphatase activity was demonstrated to be particu-
larly pronounced during the late estral-metestral phase of the
cycle in the surface and glandular epithelium of the pig
(Austad and Garm, 1959) and sheep (Hadek, 1958a). Skjerven
(1956) described marked cyclic changes of alkaline phosphatase
in the luminal epithelial cells of the bovine endometrium.

He demonstrated that, in the bovine species, alkaline phos-
pPhatase activity was relate? to the progesterone lgvel.
Skjerven further described an ilnverse relationship of alkaline
Phosphatase and glycogen in the luminal epithelial cells. How=-
ever, Vaczy et al. (1955) demonstrated meximal alkaline phos=-
Phatase content in the vaginal epithelium of mice in the
Proestral phase of the cycle.

Alkaline phosphatase activity was also demonstrated in



20

the ciliated portion of the rat oviduct (Deane, 1952).
Nelther P,A.S.-positive material nor alkaline phosphatase was
demonstrated in the uterus of the castrated sow, indicating
the hormonal influence of estrogen and progesterone on that
organ (Austad and Garm, 1959).

Hisaw and Greep (1938) reported that estrone resulted in
the deposition of glycogen in the uterine glandular epithelium
and that progesterone plays a role in the formation and
release of glycogen. Cantarow and Schepartz (1954) stated
that progesterone resulted in a decrease of alkaline phos-
phatase activity.

Atkinson and Engle (1947), using the monkey, reported on
the occurrence of alkaline phosphatase activity in the luminal
epithelium and uterine glands following the administration of
estrogen. This activity decreased with the administration of
progesterone. They stated that the appearance of alkaline
phosphatase activity during the estrogen phase of the cycle
indicated that the enzyme was concerned with protein synthesis.
They also stated that its diminution later in the cycle
suggested 1t may be concerned with glycogen formation. Dempsey
and Wislocki (1946) reported that alkaline phosphatase can
play a role 1n protein synthesls and glycogen formation.

Kugler and Wilkinson (1960) reported on the discrepancy

in the amount of tlssue glycogen actually present and that

Wwhich 1s demonstrable through histochemical procedures.
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Bloom et al. (1951) demonstrated that glycogen exists in
tissues in two forms; a protein-bound form and a trichloracetic
acid-soluble form. Kugler and Wilkinson concluded that
trichloracetic acid-soluble glycogen is the only fraction

that enters into the histochemical reaction. They suggested
that 6 micrograms of acid-soluble glycogen per 100 mg. of
tissue must be present before it 1s demonstrable by histo-
chemical means.

Bullough (1953) reported increased mitoses in the epidermis
of the ear of the mouse following the administration of
estrogen which, he stated, stimulated the phosphorylation of
glucose. He concluded that if estrogens facilitated the
glucokinase reaction, they might also be expected to stimulate
energy productlion and glycogen deposition.

Kerly (1940) demonstrated an increase in the rate of
anaerobic glycolysis in rat uteri following the administration

of estrone.
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MATERIALS AND METHODS

Experimental Animals

Five German Shorthair Pointer female, sibling puppies
were obtalned for this study. The animals were purchased from
a local resident when they were 55 days old. There were 10
pupples in the entire litter; 3 males and 7 females. The
bitch was a six year old animal and had had one previous
litter, that one being when she was two years of age. The
estral cycles of the bitch had been regular and distinct with
no history of reproductive problems.

The puppies were whelped without difficulty after a ges-
tation period of 60 days. The time required for the delivery
of the 10 puppies was nine hours. The talls were amputated
at three days of age, the length remaining being that recom-
mended for the breed. The pupples were weaned at 35 days of
age and had been wormed at 38 and 52 days of age. The wormings
were not predicated on fecal examinations.

The initial and two subsequent fecal examinations, at two
week intervals, were negative for eggs of parasites. The
sugar flotation method, as described by Benbrook and Sloss
(1955), was employed.

The animals were housed in flber glass cages and exercised

three times dailly for periocds of 30 to 60 minutes. The diet
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1 and meat mixed in the ratio of 4:1

consisted of dry dog meal
by weilght. The meat was eilther ground horse meat or beef.

The puppies were fed three times daily until they were 122
days old. At that time, the number of feedings was reduced

to two daily and continued throughout the duration of the
experiment. A vitamin-mineral supplement2 was added to the
above ration.

All puppies were given anti-distemper-hepatitis-
leptospirosis serum3 at 56 days of age. A tri-valent vaccineu
was administered to each pup at 77 and 98 days of age. Hemo-
grams, consisting of a total leucocyte count, hemoglobin and
packed cell volume, were made at aprroximately two week inter-
vals. The results obtained up to 212 days of age are listed
in Table 1. The hemoglobin and packed cell volume values to
301 days of age are listed in Table 2.

At 56 days of age, the smallest puppy weighed 7.25 pounds
and the largest 10.25 pounds. Growth-weight curves for these
two dogs to 301 days of age are shown in Figure 1. At 271

days of age, the smallest pup welighed 2 pounds less than on the

1Gaines Dog Meal, General Foods Corp., White Plains, New
York.

2V1onate, Ee Re Squibb Co., New York, New York.

3

Globulon, Pitman-Moore Co., Indianapolis, Ind.

uTlssuevax—b, Pitman-Moore Co., Indianapolis, Ind.
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Table 1. Hemograms of experimental animals
Days W.B.C. P.C.V. Hb.
Do ] i
59 17,400 38 9.58
g3 13,100 27 10.35
10; 15,250 33.5 9.96
1 15,100 30 9.22
25 12,900 34 11.15
T 18, 000 31 10.35
143 18,000 38 11.56
o7 16,600 37 10,74
e 16,500 39.5 1256
13 16,100 38.5 11.96
21 15,500 38.5 11.15
10,500 37 11.56
Do 2
59 12,150 25 8.86
73 lu’g 950 29.5 9.58
87 13,650 32 9.58
101 13,500 33 9.96
115 15,800 33.5 10.74
129 15,150 34,5 11415
143 16,100 36 11.56
157 16,900 37.5 10.74
171 15,300 40 11.15
185 12,600 39 13,19
199 13,200 41,5 12,37
212 9,200 38.5 12.37
Dog ﬁz
59 11,900 26 8.51
73 9, 700 24 8.{6
87 11,560 29.5 9.22
101 15,000 29 9.58
115 11,450 29 9.22
129 18,000 33 11.15
143 19,000 36 11.15
1597 13,400 34 11.15
171 15,950 37.5 10.35
185 14,600 33 11.15
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Table l. (continued)

Days W.B.C. P.C.V. Hb.
185 14,600 33 1)s15
199 14,000 38.5 11.56
212 11,000 39 11.56

Dog #4

59 11,050 24 7.61

73 18,000 25 8.51
87 12,350 32 9.96
101 11,700 30 9.96
115 8,800 32 9.96
129 11,021 33 9.96
143 10, 900 34,5 11.15
157 12,500 35.5 11.15
171 10,950 36 10.74
185 13,600 30.5 9.58
199 12,100 Lo 10.35
212 13,000 34 10.74

Dog fﬁ

59 15,150 24,5 749

73 19,400 31 9.58

87 13,700 29 9.22
101 11,650 30.5 9.58
115 11,450 31.5 9.96
129 11,200 32 10.35
143 14,400 35.5 10.35
157 16,100 37.5 1115
171 17,150 33.5 10,74
185 15,700 39 11.56
199 11,500 32 11.96
212 12,500 3745 12,37
W.B.C. = white blood cell count, per mm.3
P.C.V. = packed cell volume in %

Hb. = hemoglobin in grams ¢




Table 2. Hemoglobin and packed cell volume levels of experimental animals

229 days 243 days 255 days _271 days 287 days 301 days
Dog HB- P.CsVe Hbo P.C.V. Hbs P.C.V. Be P.Clv. Hbt PoCoVa Hb. P.CVe,
1 11.96 34 13.19 42 12.37 38 15.37 46 15.37 46 14,04 46
2 14,05 44 14.50 37 13.62 42 13.62 44 13.62 44 14,04 45
3 12.77 39 14.05 41 13.19 40 14,05 47 13.62 43 13.62 43
N 11.96 40 11.56 38 12.37 39.5 14.05 45 14,05 Li 14.37 Ly
5 12.37 37 11.62 44 14,04 42,5 12.37 41 13.19 42 13.62 44

Hb. = hemoglobin in grams

P.C.V. = packed cell volume in %

§2



Table 3. Day of estrum when breeding was permitted and the intervals following
breeding when left and right genital specimens were surgilcally

recovered

Days of Estral Cycle
Animal U I0 11 12 13 14 15.ee LlOeee Z€laee 20 Z7a0e Jleee 33ees JCese HU

Number

A A" ¢ &*
2 A Al c ¢!
3 A LAY B c ¢*
L A Y B C c'
5 A A' B ¢ o

e
1}

day of first breeding

A' = day of second breeding

B = day of dlethylstilbestrol administration

C = day of surgery for recovery of left ovarian, fallopian and uterine specimens

C' = day of surgery for recovery of right ovarian, fallopian and uterine specimens

92
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previous welghing date. The largest pup gained no weight in
the same time period. A diarrhea of suspected dietary eti-
ology afflicted all the puppies at 268 to 271 days of age
and probably accounts for the temporary set-backs.

The animals were identified by numbers tatooed on the
inner surface of the ear pinna. The numbers were simply

1 through 5.

The onset of the estrus cycle

The first day of sanguinous vaginal discharge was noted
as follows: #l, 565 days of age; #2, 566 days of age: #3,
568 days of age; #4, 448 days of age; #5, 438 days of age.
The onset of proestrus of the individual dogs by number and
in sequential order was #5, #4, #1, #2, and #3. The time for
breeding was determined by the vaginal smear method. Although
the duration of proestrus varied, the vaginal smear per-
mitted breeding of each female at comparable stages of the
cycle. Two matings were allowed each dog; one on the first
day of estrus and the second two days later. Two known fer-
tile adult males were used; one for Bitches #4 and #5 and
one for Bitches #1, #2 and #3. At each mating, a "tie" was
observed, the duration of which was at least 15 minutes.
This so=-called "tie" is caused by the constriction of vaginal
muscles behind the bulbus glandis of the glans penis.
Although the "tie" 1s a natural procedure, it is not neces-

sary for conception (Harrop, 1960).
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Experimental Procedures
Three of the animals were given repositol diethylstil-

1 two days after the second breeding. The other two

bestrol
animals were bred and maintained under identical conditions
as controls. Specimens of the uterus, fallopian tubes and
ovaries for histological and histochemical study were surgl-
cally removed at various intervals after breeding. The

left side was removed at the first operation and the right
side, including the body of the uterus, at the second
operation. See Table 3 for time intervals between breeding
and the surgical removal of specimens.

The dosage of dlethylstilbestrol was 0.50 mg. per pound
of body weight, administered intramuscularly. The manu-
facturer of the product used states its effectiveness is
sustained for 10 to 20 days. The total dosages for the three
experimental dogs were: Ritch #3, 30 mg.; Bitch #4, 25 mg.;
Bitch #5, 30 mg.

The dog has a bicornuate uterus and removal of one ovary,
oviduct and cornu is a relatively simple procedure.. This can
be accomplished without interruption of the pregnancy in the
opposite cornu as shown by Friedman (1957). The tissues were

carefully handled and no clamps were used until the specimens

lPitman-Moore Co., Indianapolis, Ind.
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for study had been removed. The areas from which tissues
were excised are 1llustrated in Figure 2., After the removal
of the cornu, oviduct and ovary in the first surgical pro-
cedure, the cornual stump was sutured with an infolding
suture using size 00 chromic catgut and an atraumatic needle.
All vessels were ligated with size 00 chromic catgut. After
the removal of the remalning cornu, oviduct and ovary in the
second surgical procedure, the existing portion of the
uterine body was also removed by the usual method (Lacroix,
1957). All abdominal closures were accomplished in the usual
manner (Lacroix, 1957).

Although a strict aseptic surgical technique was used,

an antibioticlt

was administered after each operation. At the
time of the second operation on Bitch #1, adhesions with
several very small abscesses were observed around the stump.
This followed the first surgical procedure. Abscessed stumps
did not occur in any of the other animals.

Sections of the cornu and oviducts were removed from the
middle -portions of the organs and the ovaries were incised
longitudinally. These specimens were kept for histological
and histochemical study and the sectlons were identified by

animal number and by surgical procedure. For example,

lBicillin, Wyeth Laboratories, Philadelphia, Pa.
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#51 refers to Bitch #5, first surgical procedure; #52 refers

to Bitch #5, second surgical procedure.

Histological and Hlstochemical Techniques

After surgical excision of the tissues, one plece of
each organ to be studied was fixed in cold 80% ethanol and
in 10% formalin. The alcohol-fixed tissues were handled in
the following manner (Davenport, 1960):

1. fixation of tissues in 80% ethancl for 24 hours

at 4° c.

2, transfer of tissues to 2 changes of 4° C. absolute

alcohol for 12 hours each,

3. transfer of tlssues to two changes of benzene at

4° ¢. for one hour each,

L. infiltration of tissues in 3 changes of paraffin

wax, 58° C. for 30 minutes each,

5. embedding of tissues in paraffin wax,

6. storage of tissue blocks at 4° C.

The formalin-fixed tissues were dehydrated, infilltrated
with and embedded in paraffin wax according to usual pro=-
cedures (Davenport, 1960; A.F.I.P., 1960).

All sections were cut at 5 to 8 microns. The alkaline
Phosphatase procedures were conducted on the alcohol-fixed
tissues. The periocdic acid-Schiff procedure and hematoxylin
and eosin staining were accomplished on the formalin-fixed

tissues.
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Periodic acid-Schiff (P.A.S.) procedure: The method of

McManus (1946) was used for the demonstration of P.A.S.-
positive material. Control sections were diastase treated.
The quantity of P.A.S.-positive granules demonstrated was
indicated on an arbitrary scale of + to 44+.

Alkaline phospvhatase procedure: The method of Gomori

(1952) was used for the demonstration of alkaline phosphatase
activity. Control sections, demonstrating the presence of
native phosphate, were also prepared. The comparative
alkaline phosphatase activity was indicated by an arbitrary
scale of + to ++++.

The photomicrographs were taken with a MP—Bl camera.

1Polaroid Ccorp., Cambridge, Mass.
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HISTOLCGICAL AND HISTCCHEMICAL OBSERVATICNS

Some histological and histochemical characteristics were
in agreement in the same organs of both the experimental and
control animals. These characteristics will be considered
first and, because they apply to all animals, will not be
repeated under the individual protocols of individual
animals discussed later. There will, however, be some aspects
that will receive individual consideration even though they
may be the same or similar in all like tissues. This is
being done for purposes of emphasis.,

Special attention was directed toward the endometrium
as significant changes were anticipated here. Mulligan (1%42)
divided the endometrium into four layers as follows: "(a)
basal layer, consisting of polyhedral glands; (b) tubular
layer, the tubules of which connect the basal glands with
the surface; (c¢) stromal layer, connective tissue relatively
poor in epithelial elements, but through which the tubules
pass toward the surface; and (d) crypt layer, consisting of
crypts between which extends the surface covering epithelium.”

The uterine glands are simple branched tubular glands
(Trautmann and Fiebiger, 1952). They are especially coiled
toward their ends; the development of the glands being
Pronounced in the luteal phase of the cycle. (Arenas amd

Samartino, 1939).
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Microscopic Characteristics of Tissues From
Experimental and Control Animals
Ovary

All sections of the ovaries contained follicles in
various stages of maturation. They were particularly con-
centrated around the periphery of the ovary (Figure 14).
Cords of cells from the germinal epithelium, carrying primor-
dial follicles deeper into the ovarian stroma, have been
described by Barton (1945). In the sections examined, the
cords of epithelial cells and developing follicles occurred
deep in the ovarian stroma and between the corpora lutea
(Figure 15).

Atretic follicles were also found in all ovarian sections.
Atresia can occur in all stages of follicular development and
is characterized by: (1) pyknosis of the nucleus and fatty
degeneration of the oocyte, (2) collapse of the follicle,

(3) invasion of the follicle by cells of the theca interna
and connective tissue, and (4) obliteration of the follicular
cavity with lipid-containing cells and connective tissue
(Trautmann and Fiebiger, 1952; Maximow and Bloom, 19553
Nalbandov, 1964). No attempt was made to count the number

of developing or atretic follicles in the ovarian sections.

However, both were observed in all sections (Figures 14 and

19).
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P.A.S.-positive granules were never seen in lutein cells.
They were observed in the granulosa cells of the follicles,
in the endothelium of the blood vessels of the ovary, and in
the endothelium of blood vessels within the corpora lutea
(Figures 37 and 38). P.A.S.-positive material was prominent
in the zona pellucida (Figure 36).

The theca interna cells were always positive for alkaline
phosphatase (Figures 56, 57 and 58). The walls of the blood
vessels in the ovary and the corpora lutea were always
alkaline phosphatase positive (Figure 55). This was also
true of the blood vessels in the sections of all the other

tissues examined.

Oviduct
A polysaccharide protein is secreted by mucous or goblet
cells on many mucous membranes (Maximow and Bloom, 1955).
Goblet cells were found in the luminal epithelium of the ovi-
duct and uterus. The epithelial cells of the oviduct were
larger in the earlier than in the later stages of the cycle.
No cyclic variation in the number of goblet cells was observed.
P.A.S.-positlve material was present along the free poles
of some epithelial cells. The reaction was also observed in
the control slides but was not as pronounced.

Longitudinal folding of the oviduct mucosa was a constant

feature in all animals. The many folds result in protected
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recesses of epithelium (Figure 18). The loss of cilia from
the oviduct epithelium will be discussed later but it should
be mentioned here that the percentage of ciliated epithelial
cells was always greater in the aforementioned protected
recesses. Furthermore, the cilia were retained longer in the

recessed areas (Figure 27).

Uterus

The structures of the endometrium, based on the classi=-
fication of Mulligan, include the epithelium of the lumen
and the epilthelium of the varlious sections of the uterine
glands. The glandular epithelium may be further classified
as that which occurs in the cryptal, tubular or basal portions
(Figure 13).

A P.,A.S.-positive reaction was seen along the peripheral
border of the luminal epithelium of the endometrium. This was
present in all experimental and control sl