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Literature Review

Definition of a follicle

Dorland (1965) defined an ovarian follicle as an o7um and its encasing
cells at any stage of development, Follicles develop and regress throughout
a cow's lifetime., Usually, one follicle ovulates at each estrus, but double
ovulations are not uncommon. Follicles that fail to rupture or become atretic
&1d are associated with abnormal sexual behavior and abnormal ovarian morphology
have long been considered a deterent to maximum fertility in the cow,

Thin Walled Follicular Cysts

Clinical Classification, McNutt (1927) and Hzncock {1948) classified

follicles 20 mm or greater in diameter as cystic, Marion and Gler (1968)
classified follicles 20 mm or greater in diameter that persisted for 16 to
20 days as cystic. Follicles 25 mm or larger were called atretic large
follicles (ALF) by Wiltbank, Tyler and Casida (71953), Morrow, Robe™'s,
McEntee and Gray (1966) classified follicles 25 mm or larger on three palpa-
tions within a 10 day period as cystic.

Clinical Observations. Clinical observations prior to 194l were reviewed

by Casida, McShan and Meyer (19LL). Garm (19L9) used nymphomania to describe
all cystic conditions. Symptoms of cystic follicles were interruption of
sexual cycle and sexual desire, persistent cystic follicles, and absence

of corpora lutea. He classified nmymphomania cows into four groups. Cows
with "classical nymphomania" with permanent or frequent heat, relaxed pel-
vic ligaments, enlarged atonic uterus, and swollen vulva composed the first
group. These cows would accept the bull at any time and had large cysts
"goose egg" (no measurement given) in size on one or both ovarizs. Cysts

were thin walled and easy to break. Cows in the second group exhibited



normal heats at normal intervals. Relaxed pelvic ligaments, swollen vulva,

and a large flabby uterus were observed in 32%, 28%, and L1% of the cows

in group two respectively. Cows with mild symptoms of heat at infrequent
intervals (group three) had other symptoms similar to group two. The fourth
classification included anestrous cows. These animals became fat and relaxa-
tion of pelvic ligaments usually was not observed. A small uterus was observed
in 10% of the group fonr animals, but an enlarged atonic uterus was most
common, Ovarian structures were similar to other groups.

Benesch and Wright (1951) classified cystic follicles as follicles that
 failed to rupture, developed to a size larger than normal, and persisted.
They reported thaty the cystic follicle may or may not contain luteal tissue.
Behaviorally, the cows exhibited anestrus, irregular heat, or classical nym-
phomania,

Wiltbank et al. (1953) used the term atretic large follicles (ALF)
instead of cystic follicles and cited five classifications: 1) cows with ALF
that exhibit bullish behavior, irregular heat periods, and no corpora lutea
on the ovaries, 2) cows with ALF appearing during the regular estrus cycle
with normal corpora lutea present, 3) cows with ALF during temporary suspen-

- sion of the estrous cycle and corpora lutea may be present or absent, lj) cows
that have ALF during the postpartum anestrous period with or without cor-

pora lutea present, 5) heifers with ALF during the prepuberal anestrous period
and corpora lutea may be present or absent.

Bone (1954) classified cysts as uncomplicated or as associated with a
corpus luteum. Uncomplicated cysts were larger and tenser than normal fol-
licles. Small follicles were associated with the larger ones, and not more
than two large cysts per ovary were found. Ruptured, uncomplicated cysts

left medullary stroma, fibrous connective tissue, and blood vessels.



Hinze (1959) found that the size of the cyst did not affect its func-
tion. He reported that cysts no larger than a graffian follicle could be
respousible for either nymphomania or anestrous behavior. Small cysts were
found in postpartum cows and in heifers. In several cases the ovaries felt
normal per rectum, but slipping the ovary between the thumb and fingers would
rupture a cyst leaving little substance to the ovary. Estrous behavior was
dependent upon whether the cyst was‘"follicular or luteal".

Roberts (1961) classified cystic ovaries as a pathologically large
follicle causing symptoms of nymphomania with frequent, irregular or contin-
uous estrus or anestrus. Seventy-five percent of all cystic animals shoﬁed
classical nymphomania, The uteri of animals in constant estrus were atonic
and thick. Usually two to four cysts were found on the ovaries. These cysis
were 19 to 76 mm in diameter and the walls thicker than normal follicles,
but they ruptured easily. Cysts four inches or greater in diameter indicated
a granulosa cell tumor.

Bierschwal (1966) found that cows with cystic ovaries we. ¢ either in
continuous estrus or anestrus. Cystic cows had one or more spherical,
smooth=-surficed, fluctuating structures on one or both ovaries. These cysts
were larger and protruded more than normal graffian follicles. Uteri were
enlarged and flaccid,

Morrow et _al. (1966) and Morrow (1969) reported that a cow going cystic
resenbled a cow coming into heat. There was an increase in uterine btone and
in the number of follicles on the ovaries. Two to three days later some cows
had an anovulatory estrus, but usually ovulation without estrus occurred.
Uterine tone decreased, the follicles grew larger (no measurement given),
and no corpus luteum formed. Cysts were palpated as single large thin walled

structures on one or both ovaries., Anestrus accompanied by a swollen vulva



were the most cormmon external signs in cows with cysts less than 60 days
postpartum. Cysts forming after 60 days postpartum were smaller and thicker
walled and most commonly accompanied by mymphomania and related anatomical
changes.

Johansson and Rendel (1968) stated that nymphomania was usually assoc-
iated with short returning heats, and that cystic ovaries were associated
with "buller" cows. Nymphomania resulted in cases where thin walled cystic
follicles persisted for a few weeks to several months (Marion and Gier, 1971).
Zemjanis, Fahning and Schultz (1969) found that many cows with follicular
cysts were anestrus, but it was not necessary to distinguish between anestrus
and nymphomaniac cows because the same therapy cured both conditions.

Callahan et al, (1971) classified a cow cystic if she sxhibited one
of three conditions: 1) follicles persisted for 1l days with no corpus luteum
preseni, 2) ovulation was delayed more than seven days postestrus, or 3) a
corpus luteum was not detectable seven days after ovulation. They reported
that cystic cows had a later first postpartum ovulation (29% 3.9 vs. 17f 1.0
days), earlier first estrus (25% 3.0 vs. 34f 3.3 days), later formation of
a 15 rm corpus luteum (39% 3,7 vs. 25% 1.5 days).and earlier formation of a
10 rm rollicle (15% 1.2 vs. 20! 2.3 days) than did control cows. Erb, Rendel,
an.’ Callahan (1971) reported that cows detected as cystic before L2 days
postpartum had follicles 1 em or larger by 16% 1.L days postpartum, and 22%
had ruptured within 9 days of detection. Ninety-five percent of the control
cows ovulzted within 9 days after detection of a 1 em follicle. Cows usually

had an anovulatory estrus prior to being diagnosed as cystic.

Macromorphology. Garm (1949) reported that multiple cysts occurred
more often that did single cysts. Morrow (1969) observed only single cysts.

McNutt (1927), Clapp(193L), Hancock (1948), Bierschwall (1966) and Callahan



et al. (1971) found both single and multiple cysts and did not designate
which was most common. Follicular cysts may be accompanied by a corpus
luteun (Wiltbank et al., 1953; Bone, 195L; Dawson, 1958) or may not (Clapp,
193L; Carm, 19L9; Wiltbank et al., 1953; Bone, 195L; Marion and Gier, 1968;
Morrow, 1969; Callahan et al., 1971). Roberts (1961) found the lining of
cysts smooth., Fluid in thin walled cysts was clear to slightly yellow or
amber in color (Garm, 1949; Roberts, 1961; Siegmund, 1$70).

Micromorphology. Literature on histological structures of cysts prior

to 1949 was reviewed by Garm (1949). Histological findings since this review
have been reported by several workers. Stratum granulosa cells were found
present in some cysts and not in others (Garm, 1949; Bone, 195L; Roberts,1961;
Siegmund, 1970). Garm (1949) and Roberts (1961) found granulosa cells that
seemed to be luteinized, Cells of the th:-a interna were edematous and
showed degenerative changes (Roberts, 1961; Siegmund, 1970). Garm (1949)
and Roberts (1961) observed hyalinization of cells in the theca interna‘
Bone (195L) described the theca externa of cystic foliilcles as thickened
and fibrous. Roberts (1961) reported that degenerative changes were most
advanced in the periphery of the cyst. |

Marion, Gier, and Choudary (1968) provided detailed histological descrip-
tions of cystic follicular atresia, Cystic atresia began with loosening
and sloughing of the granulosa cells while the membrana propria remained
intact. The basal granuleosa layer was maintained and the cells did not appear
altered. Theca interna cells appeared to be stimulated when the granulosa
had regressed to one cell layer. Inecreased fluid caused the follicle to
increase in size, thus stretching and thinning the theca interna to about 25 n.
The remaining granulosa cells stretched to the "string of pearls" orienta-
tion. Glandular theca interna cells did not appear to increase in numbers

or volume,



Bone (195))) assumed that atretic follicles could be halted after destruc-
tion of the ovum and the theca interna might continue to secrete follicular
fluid forming a cyst. A follicular cyst may increase to about double the
diavster of the follicle at the onset of atresia (Marion et al., 1968; larion
and Gier, 1971). These cysts degenerated when the string of pearls was
broken and the glandular theca interna cells disappeared (lizrion et al.,
1968).

Endocrine Hypotheses. Four hormones are directly important to the

sexual function of the cow (McDonald, 1969). Two of these are gonadotropins:
fellicle stimulating hormone (FSH) and luteinizing hormons (LE), which are

.

protein compounds released from the anterior pituitary. The ollars are steroid
compounds: estrogen and progesterone, which are produced mainly in the ovary
of the cycling animal. These compounds are synergestic -nd deviation from
normal levels of one hormone may interrupt the entire sexual schems,

Garm (1949) postulated that clinical symptc.'s of nymphorania were caused
by ab:ormally high estrogen levels. Conversely, anestru. was not due to low
estrogen levels because some anestrous cows slso had relaxed pelvic ligaments.
Histochemical analysis revealed that estrogen precursors in theca interna
ce.ls of cysts were constantly being mobilized., Roberts (1961) found that
follicular fluid of cysts contained less estrogens per unit volume than
follicular fluid of graffian follicles. Marion and Gier (1971) assumed that
because of retention of theca interma cells and reduced nunmbers of gran-
ulosa cells, estrogens were being produced by cysts. Cows that were subse-
quently cystic had lower urinary estrogens than normal cows O to L2 days
postpartun (Erb et al., 1971).

Viltbank et al. (1953) presumed nymphomania and associated thin walled
cysts to be a pituitary-ovarian malfunction. The difference between cysts

of nymphomaniac and anestrous cows was assumed due to a horrmonal disturbance



of a different functional level. Garm (1949) postulated the pituitary as the
primary cause of nymphomania because it produces the gonadotropins and is
easily affected by the mutritional status of the animal, Pituitary weights
and volumes were greater in cystic cows than were pituitaries of noncystic
cows. No difference was found in proportions of pituitary cell types in

cows with permanent heat and in anestrous cows. He considered that constant
estrogen stimulation might have changed pituitary histology, and that persis-
tence and ncnluteinization of follicles showed that basophile cells had lost
thelr abllity to produce IH., He suggested that successful gonadotropin therapy
shows a distirbance of ovulatory mechanism due to pituitary dysfunction,

not ovarian dysfunction.

"~ncock (1948) postulated that high blood estrogen levels as in late
pregnancy or after diethylstilbestrol (DES) injections would first cause the
pituitary to lose its ability to stimulate luteal function, and then lose
its ability to stimulate follicular growth, After pregnancy the reverse
might occur. The pituitary might first gain its ability to stimulate fol-
licular growth, then gai . the ability to ovulate and luteinize follicles,
and cysts would be formed in between. Wiltbank et al. (1953) considered
that cysts could result from a rebound of anterior pituitary function afte~
the inhibition by high estrogen during pregnancy. They showed a period of
cystic ovaries after cows were withdrawn from DES injections and postulated
that a transient period of cyst formation might always follow withdrawal from
hiph estrogen levels.

Casida, et al. (1943) determined that follicular growth was aided by
more than FSH because cows injected with unpurified pituitary extract had
larger follicles than cows injected with purified FSH. Venzke (1949)

postulated that in multiple ovarian cysts the pituitary gonadotropin balance



would be on the side of FSH resulting in increased estrogen output. Roberts
(1961) stated that abnormal levels of LH could be a causative factor. Johansson
and Rendel (1968) stated that cystic follicles and nymphomania are due to
increase of FSH and decrease of LH released from the anterior pituitary.

Cows with delayed ovulation four or more days after heat did not have an LH
surge as determined by radioimmunoassay but had higher blood levels of LH

8 to LO hours after estrus than cows that ovulated normally (Garverick, et al.
1971). Callahan et al. (1971) determined by radioimmunoassay that cysts

were caused by overstimulation of FSH and understimulation of LH during the
first 2 to 3 weeks postpartunm.

Kittok, Britt and Edgerton (1972) compared cystic and normal cows and
reported that blood estrogen levels were higher and blood progesterone levels
were lower in cystic cows. FEstrogen levels were not different in cystic
cows with normal cycles compared to cystic cows with short cycles.

Incidence. Fincher (1950) observed that 16 of L cows (27.5%) with
ovulation failures were cystic. From a 10 year study, Casida and Chapman
(1951) reported that 18.8% of 3L1 cows and 7% of 1280 total service periods
(heat periods or breedings) were cystic. Twenty percent of the cows observed
by Wiltbank et al. (1953) had atretic large follicles in at least one repro-
ductive period, and one or more atretiec largs follicles were found in 31
of 274 (11.3%) reproductive periods. Seven of the 27l cows were "classical
nymphomaniacs™, Bone (195L) reported 16 of 155 cows (9.7%) cystic. Cystic
ovaries and short estrous cycles directly delayed conception in 29.4% of the
cows studied by Hinze (1959), and cysts were directly involved on 12.13% of
the cases. Porter and Belling (1960) found 3.6% occurrence of cysts. Cysts
were found in four percent of the examinations performed by Zemjanis, Larson

and Bhalla (1961). Morrow et al. (1966) reported cystic follicles in 4O of



139 experimental cows (34.8%), and 18.2% of the experimental cows had cycles
of 15 days or less. Bierschwal (1966) observed 55 of 187 cows (3L%) as
"eclassical nymphomaniacs”. In a study of cows 10-50 days postpartum 306
of 2,838 cows (10.8%) were cystic (Tennant, Kendrick and Peddicord, 1967).
Cysts occurred in 12% of the estrous cycles less than 60 days postpartum
(Morrow, 1969).

Time of Occurrence. Garm (19L9) observed that 13.0%, 30.0%, 31.0% and

15.0% of the cows were cystic during the first, second, third, and fourth
month postpartum, respectively. Wiltbank et al. (1953) reported 6.0%, 5.1%,
0.677, and 0.69% occurrence of cysts during pestpartum intervals 15-29 days,
30-Lk days, L5-59 days and 60-7L days respectively. Morrow et al. (1966)

o served 20.0% of the cows cystic at the first postpartum estrus and 7.0% -
cystic at the second postpartum estrus. Sixty-one percent of the cystic
cases found by Bierschwal (1965) occurred less than 60 days postpartum. Marion
and Gler (1968) reported that the occurrence of cysts was the same for the
first and second postpartum estrus.- Occurrence of new cysts was low 36;78
days postpartum, and cysts persisted for an average of 35 days (range 25-60
days). Morrow's (1969) results showed cysts most common 15-L45 days post-
partum,

Luteinized Follicular Cysts

Clinical observations. Benesch and Wright (1_951) described follicles
that luteinized without ovulating. The ovaries felt larger than usual and
fluid-filled when palpated per rectum. Sectioned cysts were about 30 mm
in diameter and the wall was lined by a 2 mm thick layer of luteinized cells.
The large cysts were single structures, but regressing corpora lutea were
found on the ovaries. Positive identification of this condition per rectum

was postulated improbable. They stated that this type of cyst had been called
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a cystic corpus luteum, but many corpora lutea with a central cavity lined
with collagen fibers had been found, and the two cysts should not be classi-
fied as the same. -They stated that anestrous cows could have a luteinized
follicle on one ovary.

Dawson (1958) reported on six cases of luteal cysts. Cysts were 10-70 mm
in diameter and all lined with varying amounts of luteal tissue., Endometritis
was found in all cases. One cow having a luteal cyst, two solid luteal bodies,
and two thin walled cysts exhibited masculine behavior. Another cow having
a single large cyst with a luteal lining exhibited regular cycles with nor-
mal estrous signs. Both of the aforementioned cows had severe endometritis.

Johnson (1960) found "luteal type" cysts in cows 39-150 days postpartum.
Cysts were 50-100 mm in diameter and easily rupturedAin the estrous or early
metestrous stage. Ten days postestrous cysts could not be expressed. His=-
tological examination indicated that cysts were the "luteal type".

Roberts (1961) classified spherical, smooth and tense ovarian siructures
that felt like thick cystic follicles as pathologic cystic corpora lutea
or luteal cysts. Pathologic cystic corpora lutea were 25 to 50 mm in
diameter and were single structures on the ovaries. Pathologic cystic cor-
pora lutea developed from anovulatory follicles. A layer of luteal tissue
3 to 15 mm lined the circumference of the cysts.

Luteal cysts and anovulatory luteinized follicles were difficult to
differentiate from cystic follicles rectally and were classified with fol-
licular cysts (Morrow et al., 19665 Morrow, 1969; Morrow, 1971).

Marion et al. (1968) described luteinized cystic follicles as tough
leathery cysts up to 50 mm in diameter. ILuteinized cystic follicles were
found in 2-3% of the ovaries examined, but could be one-third of the clinic-
ally detectable cysts. Iuteinized follicular cysts persisted for an average
of 35 days. Zemjanis et al., (1969) found that practically all cows with

luleal cysts were anestrus.
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Micromorpholosy. Donaldson and Hansel (1965) reported luteinization

ofﬁboth the theca interma and granulosa cell layers of large follicles three
to four days after estrus. Marion et al. (1968) reported luteinization in
follicles larger than 8 mm in diameter, and the layer of luteal tissue was
50 p to 5 mm thick. Granulosa and theca interna cells were toth luteinized
if present, but they did not intermix. If the membrana propria was broken,
the granulosa and theca interna were intermixed and a near typical luteal
layer was formed (Marion and Gier, 1971).

Endocrine Hypothesis. Casida et al. (19LL) reported that injection of

unfractionated pituitary extract caused luteinization of large follicles if
the stratum granulosum was not already degenerated. Roberts (1961) postu-
lated that a follicle may ovulate but for some reason not develop into a cor-
pus luteum, and sufficient Lﬁ would remain to luteinize small follicles that
normally would degenerate. A pathologic cystic corpus luteum could develop
from a mature follicle when insufficient LH is present to cause ovulation,

but sufficient IH is available for luteinization of the follicle (Roberts,
1961). Marion et al. (1968) theorized that luteinized-cystic follicles devel-
oped from atretic follicles at the time of the ovulatory LE surge and were

in a condition permitting éhem to luteinize under the influence of IH, A
pathologic cystic corpus luteum developed in 13% of the cows where ovulation
was delayed by progesterone injections (Trimberger and Hansel cited by Roberts,
1961). Roberts (1961) suggested that the pathologic cystic corpus luteun
(luteal cyst, luteinized cystic follicle) resulted from the same endocrine
disturbance that caused cystic follicles which was probably failure of IH
release, and the severity of the condition was directly related to the amount
of 14 released. Hormones produced by the luteal tissue interrupted the nor-

mal hormonal balznce resulting in anestrus.
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Jones and Nalbandov (l1972) reported that dintrafollicular injection of
LH' or FSH in amounts too small to cause ovulation resulted in luteinization
of granulosa cells, '"membrana granulosa", cumlus oophorus and corona radiata
in rabbit ovarian follicles. Blood estrogen levels were not measurable in
rabbits with luteinized follicles even though untreated and unovulated folli-
cles were present. The assay used was sensitive to concentrations of pico-
grams per milliliter.

Incidence. Zemjanis et al. (1961) found luteal cysts in 1.7% of the
cases studied. Roberts (1961) reported a pathologic cystic corpus luteum in
3% of cows with cystic ovaries. lMorrow et al. (1966) concluded that the
frequency of luteal cysts was low and did not differentiate luteal cysts from
thin walled follicular cysts. Marion and Gier (1968) found luteinized-folli-
cular cysts in 32 of 250 cows (12.8%) over a four yezr period. Marion and
Gier (1971) stated that the luteinized follicular cyst was the most common
cyst found.

Cystic Follicles

Influence of Hormones Cther Than FSH and LH. Garm (1949) postulated

that the pituitary of a cow with cystic follicles was secreting higher than
normal amounts of ACTH as well as LH. His theory was that estfogen produced
by the anovulatory follicle caused more secretion of ACTH resulting :n hyper-
trophy of the zona glomerulosa and increased production of sodium-retaining
hormones. The higher sodium concentration in the follicular fluid could have
caused movement of fluid into the lumen of the follicle resulting in cystic
dilation of the follicle. The stretching of the theca interna might have
caused degenerative changes. The relaxation of the pelvic ligaments and the
salty and bitter taste of the milk observed in some cows with cystic follicles

could be caused by such a mineral imbalance.
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Roberts (1961) stated that the adrenal gland has little significance
to reproduction. Rarely, tumors of the adrenal cortex produce androgens
that cause masculinization of the female. Because of demands on the body,
the adrenals hypertrophy during gestation and the first one-third of lacta-
tion. Increased activity of the adrenal and thyroid glands during late preg-
nancy and early lactation may affect anterior pituitary function.

Wagner and Oxenreider (1971) stated that an increase in adrenal steroid
productior may inhibit luteal dev. lopment by influencing LH activity and/or
IH 1elease, They postulated that this could contribute to a postpartum an-
estrus,

Anestrus, Roberts (1961) divided anestrous cows into two classes:

1) cows with a corpus luteum present, and 2) anestrous cows with small inactive
ovaries and no palpable corpus luteam, including cows with cystic ovaries.
Twenty~five percent of the anestrous cows had cystic ovaries with anestrus
persisting from one to four months. Many of the cows had symptoms of estrus
but would not stand for a bull., Pelvic ligaments were relaxed in some cases
but not in all cystic anestrous cows. An anestrous cow had more uterine tone,
less swelling of the vulva, and less mucus than did a cow with nymphomania.
Ovarian cysts of anestrous and nymphomaniac cows were the same size and fels
the same per rectum. Occasionally, a nymphomaniac cow would develop'anestrus,
but anestrous cows seldom became nymphomaniacs. Roberts described anestrous
cows as generally fat and lazy with partially relaxed pelvic ligaments and
having the appearance of a pregnant cow.

Asdell, de Alba, and Roberts (19L5) theorized that an estrous block
in the central nervous system could be the cause of anestrus. They found
that injections of diethylstilbestrol could bring cows into heat for less than

one day; and although injections were continued, standing heat ceased.
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The same theory was applied to explain why psychic estrus ends before ovula-
tion and why cows could be anestrus while large follicles were on the ovaries.
This refractiveness could also be confounded in the cow because smaller amounts
of estrogen per unit of body weight will produce heat in the bovine than in
some other animals. Garm (19L9) stated that anestrus is not always a result
of decreased estrogen production because some anestrous cows chowed edema of
the vulva and relaxation of the pelvic ligaments.

RoL rts (1961) cited three other possible causes of anestrus., 1) If
enough luteal tissue was present in a follicle, the cow would usually be
anestrus. 2) Anestrus could result from storage of estrogen in the theca
interna thus no estrogen was released into peripheral circulation. 3) Fail-
ure of the cyst to produce enough estrogen to produce psychic estrus might
cause anestrus. Cysts in anestrous cows had little esirogen and a thin theca
interna layer that was partially luteinized in some cases.

Factors like the number of times a cow is milked or sucked per day could
cause anestrus (New Zeland Dairy Board, 1969-70). Cows milked twice daily
and ccws constantly exposed to a calf were anestrus 56.9% and 100% of the
time respectively during the first 60 days postpartum,

Bierschwall (1966) stated that an increase in the number of anestrous
cows could be attributed to factors such as early postpartum examination,
tyre of herd management, and higher milk production of modern dairy cows.

Erb et al. (1971) stated that release of LH at parturition may be so
extensive that the pituitary cannot recover for some time so sufficient LH
for ovulation may not be available later.

Stress. Selye (1950) reported that stress resulted in ACTH release.
Roberts (1961) noted that enlarged adrenal glands were found in cows in the

late stage of gestation and first one-third of lactation. Fe stated that
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inereased demands on the body for adrenal secretions cause this hypertrovhy.
Morrow et al. (1966) reported that several cows were anestrus after regres-
sion of the corpus luteum of pregnancy. These cows usually developed cystic
follicles or anestrus due to loss of body condition because of disease or
hizh milk production. Corrélations for season, herd environment, parity,
and level of production on cystic follicles showed only one significant fac-
tor (P <0.005) which was the period of November through January when sig-
niticantly more cysts occurred. Morrow (1969) stated that stress predis-
poses cows to cystic follicles.

Saiduddin and Foote (196L) found that in postpartum cows that had not
ovulated, pituitary IH increased in concentration as postpartum in‘srval increased.
Assays were run on collections of S, 17, and 30 days postpartun,

Cook (1968) stated that'pigs and sheep injected with LH had increased
progesterons in the ovarian venous blood, but some did not. He suggested
that stress could affect this hormonal relationship in two ways. The systemic
release of ACTH vy the animal could lead to maximal stimulation so that no
response to exogenous LH could be détected. Stress resulted in growth hor-
mone release in monkeys, and release of LH could be similarly induced so the
animal would be maximally stimulated by gonadotropin and exogenous LH would not
cause notable ovarian changes.

Brunner, Donaldson and Hansel (2969) found that injections of ACTH from
the second to eighth days of the estrous cycle decreased the size of the
corpus luteum in intact heifers but not in hysterectomized heifers. The rea-
son for the difference between intact and hysterectomized heifers was not
explained.

Relation to Milk Production. Clapp(193L) stated that level of milk

production is a function of heredity and environment. He found that herds

genetically capable of high milk production, and fed meagerly probably would

not show a high incidence of cystic follicles; while cows nct genetically
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capable of hizh milk production but fed to produce large quantities of milk
would have more cysts. Garm (1949) stated that there is no link between genes
for nymphomania and genes for high milk production.

Casida and Chapman (1951) reported the incidence of cystic follicles in
four production groups, Table 1, Differences between cows on official test
and those not on test were cited as higher feed consumption, higher milk

production, and more frequent milking.

TABLE 1. PERCENT OF SERVIC. PFRIODS WITH CYSTIC
OVARIZS Il FOUR PRODUCTION GROUPS

Service Percent

Group Peroids Cystic
Not milking | 358 ERT
¥Milking (2x) L57 6.8
On official test (3x-Lx) 359 10, 6
Started on official test
and moved to 2x 105 8.5k
= P <,01

Wiltbank et al. (1953) found no significant difference in occurrence
of cystic follicles between production groups. Cows with a high heritabil-
ity for milk production were 9.2% cystic and cows with low heritability
for production were 11.6% cystic. Morrow et al. (1966) and Morrow (1969)
reported that levels of milk production were not significantly different
(P <.05) between cystic and non-cystic cows. Marion and Gier (1968) found
a 7.0%, 9.9% and 22.6 occurrence of cysts in cows producing 22 kg/day,
22 to 30 kg/day, and more than 30 kg/day respectively in the first four months

of lactation. All three percentages were statistically different (P ¢.05).
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Johansson and Rendel {1968) stated that problems arise in high producing
cows because the right balance between genotype and environment has not been
reached, Under comparable environmental and feeding situations dairy cows
were as fertile as beef cows even though the dairy cow produced much more milk,
They stated that until a genetic correlation between high milk yield and pre-
disposition to reproductive disturbances was proven, animals should not be
selected on the basis of this correlation.

A significant rise in plasra cortisol at the time of milk removal was
reported by agner and Oxenreider (1971). They stated that this rise may
have some relation to oxytocin release. The increased level of corticoids
may influence LH and thus influence ovulation in some way. Whatever the
mode of action, they concluded that lactation and milk removal hinder matura-
tion and ovulation of ovarian follicles.

Effect on Calving Intervals. A cow's calving interval was described

by Buch, Tyier and Casida (1959) as the time interval between two consecutive
parturitions. Morrow et al. (1966} determined the period from parturition
to conczption and added the days of an average lactation to arrive at the
calving interwval.

Wiltbank et al. (1953) reported that cystic cows with nymphomania,
cystic cows without nymphomania and non-cystic cows conceived 200, 192, and
136 days postpartum respectively. The interval from parturition to first estrus
was 37 days in cystic cows and 29 days in non-cystic cows (Mbrrow_g}_gl.,
1966). This difference was significant (P<0.01). Marion and Gier (1968)
reporied that follicular cysts were the factor most highly correlated to the
increase of postpartum interval to first ovulation, first estrus and concep-
tion, Callahan et al. (1971) reported that 603 of the cows diagnosed cys-

tic had a calving interval less than 13 months, 30% 13 to 15 months, and none
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calved over 15 months. Among the control cows 77.67 calved less than 13
months, 11.2% calved 13 to 15 months and 11.2% had a calving interval of
15 months or more.

Heritability. Clapp (193}) reported that 16% of the daughters of cows

with a history of cysts developed cysts. Non-cystic cows had daughters of
which 10.7% developed cysts. Carm (1949) stated that in the Holstein-Friesian
breéd there was every reason to believe cysts were heritable, Casida and
Chapman (1951) found that 26.8% of the daughters of cystic dams and 9.2% of
the daughters of non-cystic dams became cystic. They calculated the herita-
bility coefficient for cystic follicles at 0.L3.

Tabler, Tyler and Hyatt (1951) stated that with current breeding prac-
tices variation between cow families was too small tb select for breeding
efficiency. Wiltbank et al. (1953) found z significent difference in the
occurrence of cysts between six lines of cattle (P<.01). They calculated
the heritability coefficient for follicular ¢ysts as 0.43, and concluded that
the magnitude of the cystic condition depended on the line of breeding.

Roberts (1961) stated that the two abnormalities of ovulation, cysts and
trinning, are closely associated and both ray be hered:tary. Johansson and
Rendel (1968) suggested that hormonal disturbances such as cystic ovaries
are to some extent hereditary and causative genes should not be maintained
in the population. They also stated that there is some relation between cys-
tic ovaries and multiple births, and "cystic ovaries show a clear tendency
to repetition™.

Relation to Season of Year. Benesch and Uright (1951) observed that

cysts were most common in the winter and that many cows recovered in the
spring when turned out of the barn. Viltbank et al. (1953) reported the

highest occurrence of cysts during November and the lowest incidence from
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April to May. Roberts (1955) found the most cysts during December, January
and February. Bierschwal (1966) reported that 70.2% of the cysts were found
during September through March. Marion and Gier (1968) detected a higher
incidence of cystic cows during the fall (13.4%) compared to the spring (8.6%).
Morrow et al. (1966) found no significant difference (P<.01) in occurrence
of cystic follicles throughout the year.

Marion and Gier (1968) sugzested the seasonal stress may add to stress
of production, thus aiding in formation of cysts. Wiltbank et al. (1953)
admitted that seasonal effect is hard to explain, and suggested that light,
weather and management chanzes could be part of the cause.

Relatlon to Abnormal Calvin:s and Perivarturient Diseases. Albrectson

(1917) found more cysts in couws with periparturient dissases aad attributed
the cause of the cysts to direct infection of the ovary by the invlictor of
the disease. lMorrow ct al. (1966) reported that 8.3% of normal cows and
23.4% of abnormal cows (P<.005) developed cystis. At first estrus 15.09
and 38.0% of the normal and abnormal cows, respectively, were cystic.
Morrow (1971) reported that 20Y of the normal cows and 27% of the abnormal
cows develped cysts. lorrow et zl. (1966) suggested that abnormal calvings
and periparturient diseases predisposed cows to cystic folliclcs,

Treatment. Casida, MeShan and Meyer (19hL) injected unfractionated
pltuitary extract intravenously into cystic cows with normal uteri. Cor-
pora lutea were formed in 55 of 71 cows (777) within 31 days of one injection.
Hancock (1948) reported that injection c¢f LH seemed to be effective in ovu-
lating follicles or causing them to luteinize and allowing the cows to
return to normal. Manual rupture at the time of IY injection in some cases
aided recovery. A high twinning rate was encountered, so he suggested breed-

ing on the second estrus after treatment. Venzke (1949) stated that a



20

treatment which increased LH level and thus would increase progesterone
level would cure numphomania., Intraveneous injections of drled sheep pitu-
itary or HCZ were suggested. Repeated treatments indicated uterine patho-
logical problems. FHe also suggested breeding on or after the second post
treatment heat period.

If cysts were detected early, Fincher (1950) suggested manual rupture
as the best treatment. Valuable cows in early stages were given 5,000 rat
units of chorionic gonadotropin intravenously and 5 cc of adrenslin subse-
quently to stop any anaphylactic reaction. Benesch and Wright (1951) sug-
gested four modes of treatment: 1) rupturing the cyst uy palpation through
the rectal or vaginal wall, 2) punciuring the cyst through the vaginal wall
with a needle, 3) using hormones, and 4) allowing time for the condition to
correct itself.

Hinze (1959) suggested using gonadotropic hormone if it would work
alone. If the cow did not respond with one or two treatments, he assumed
the ovary was incapable of reactivation or a gonadotropic imbalance was not
the problem. The best results were found when the ¢yst was manually rup-
tured at the time of hormone injection. Hinze reported aqual results with
purified IH, chorionic gonadotropin and anterior pituitary gonadotropin.

Roberts (1961) warned against manual rupture of cysts Eecause of trauma,
blood loss, formation of adhesions on the ovary, and poor recovery rates.
Manual rupture with LH injections did not benefit recovery when compared to
LH injection alone. Recovery rates for cows treated with manual rupture
plus IH and cows treated only with LII were 84.3¢ and 8.5% respectively.
Conception rates in subsequent breedings for the same treatments were 71.9%
and 76.7% respectively. Progesterone, estrogens, and testosterone have been

used unsuccessfully to treat cystic ovaries.
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Morrow ct al. (1966) reported a 4E.07Z recovery rate without treatment.
C&stic cows that had not recovered spontzneocusly were treated after 60 days
postpartum with 10,000 I.U. of chorionic gonadotropin, one-half intravenously
and one-half intramuscularly. The cysts were not ruptured at the time of
treatment and 65.7% of the cows recovered. Cysts degenerated 15 to 18 days
after treatment. Marion and Gier (196C) stated that 7 of 29 cystic cows
(2L4.2%) did not recover spontaneously by 78 days postpartum.

Zemjanis et al. (1969) used LH treatment with manual rupture and reported
that the treatment worked well. Siegrund (1970) suggested four points of
prophylaxis and treatment: 1) select against cystis, 2) avoid forced milk
production, 3) allow time for spontaneous recovery, and L) if treatment is
necessary inject 25 mg of LH intravenously or chorionic gonadotropin 1,000
to 10,000 I, U. intramuscularly or 2,500 to 5,000 I.U. chorionic gonadotropin
intravenously.

Sffect of Parity. Wiltbank et al. (1553) found that 4.67, 1L.8% and

17.5% of the cows in the first, second, and third reproductive periods (inter-
val from puberty to first parturition, and parturition to parturition inter-
vals thereafter) respectively were cystic. lorrow et al. (1966) found no
significant difference in occurrence of cysts in different lacfations.

The Cystic Corpus Luteum

Clinical Observations. Dorland (1565) defined a cystic corpus luteunm

as "a cyst of the ovary formed by serous accurulation developed from a cor-
pus luteum". A cystic corpus luteum in the cow was described as a follicle
that has ovulated and luteinized, but contains a central cavity (Dawson, 1959;
Hansel and Wagner, 1960; Staples et al., 1961; lorrou et al., 1966; Zemjanis,
1970). Dawson (1959) described cystic corpora lutea with 70% or more of the
volume in Juteal tissue as borderline cysts, and cystic corpora lutea with

37% or less of the volume in luteal tissue as definite cysts. Morrow et al.



reported that cystic corpora lutea contain a fluid filled central cavity
approximately 10 rm or more in diameter. C(ysts palpated per rectum were
described as larger than normal corpora lutea, soft and fluctuating and most
easlly diagnosed 5 to 10 days after estrus. Marion and Gier (1968) con-
sidered corncra lutez larger than 25 mm and not firm to the touch as cystic.
Yarion and Cier (1971) reported that cystic corpora lutea were difficult to
distinguish from luteinised follicuiar cysts per rectum. Presence of an
obvious ovulation scar or pimple (Dawson, 1959) or a rosette of tissue at
the point of ovulation (Morrow, 1969) were used to differentiate cystic cor-
pora lutea from luteinized folliecular cysts. Zemjanis (1970) observed that
a cystic corpus luteum was usually single, filled with fluid, and were fouqd
in normal, culled and infertile cattle.

Cystic corpora lutea did not affect estrous cycles (McNutt, 1927;
Yorrow et_al., 1966; Marion and Gier, 1968; Morrow, 1969; Marion and Gier,
1971). Zemjanis et 2l. (1962) found tendencies for estrus to last longer
and for ovulation to occur earlier or i.ter when a cystic corpus luteum
resulted. Zlder (1925) encountered one pregnant cow (5 to 6 months) out
of 20 with 2 cystic ¢.rpus luteum. One of 15 cﬁws with cystic corpora lutea
was detected pregnant (30 days) by Zemjanis (1970). Bone (1954) reported
cows with cystic corpora lutea were not pregnant, but eight cases of cystic
corpora lutea were found in cows reported infertile. He concluded that cys-
tic corpora lutea werc abnormal and detrimental to fertility. Staples et al,
(1961) observed that few cows with cystic corpora lutea would maintain an
embryo. llarion and Gier (1971) noted that a large cystic corpus luteum
with a central cavity of 10 mm or more was not associated with a normal
pregnancy. Morrow et al. (1966) found a cystic corpus luteum in 18% of 190
pregnant cows. He suggested that the cavity was filled with luteal tissue

during the second to fourth months of gestation,
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Micromorphology. Elder (1925) postulated that cystic corporz lutea

developed by hyaline degeneration of the luteal tissue. He described several
smzll cavities in some corpora lutea and suggested that the smaller cavities
degenerated to form a larger central cavity. A thick transparent fluid in
the cavity was noted. Staples et al. (1961) encountered fluid in 10 of 11
cysts. Cysts were a single cavity and lined with fibrous tissue (Bone, 195L;
Marion and Gier, 1971; Staples et al.,1961). larion and Gier (1971) described
the fibrous lining as forming by rapid infiltration of fibrocytes after ovu-
lation. They postulated three possible causes of rapid fibrous infiltration:
1) explosive rupture of the follicle, 2) premature closure of the ovulation
point, and 3) membrana propria degenerzted before ovulation dv: to over ripe
follicle. Bone (195L) observed that the "cellular sfructures" of cystic
corpora lutea looked like the cellular structures of persistent corpora lutea.
Staples et al. (1961) found low progesterone levels and few normal luteal
cells in cystic corpora lutea.

Incidence of Cystic Corpora Iutea. Flder (1925) stated thiat cystic

degeneration of the corpus luteum was one of the most comrmon forms of cor-
pus luteum degeneration. Incidence of cystic corpora lutea were repcrted
as 13.2%, 10% and 10.9% of cows examined by Elder (1925), Dawson (1959) and
Porter and Belling (1960) respectively. Cystic corpora lutea were detected
in 25.27 and 17% of the ovulations observed by Morrow et al. (1966) and
Morrow (1971) respectively. The highest incidence was found from August

to January, and more cystic corrora lutea were four " in young cows (Morrow
et al., 1966). Roberts (1961) estimated that 25% of all corpora lutea had
a non-pathologic central cavity. Tanabe and Almquist (1966) found nine cys-
tic corpora lutea in 180 heifers slaughtered 30 days or less after estrus.
Marion and Gier (1971) reported that 4O% of the cysts that occurred during

corpus luteum formation were detectable by rectal palpation.
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Introduction to the Research

Many reports of bovine ovarian abnormalities have been published (Clapp,
193L3 Casida, McShan and Meyer, 1SL)i; Hancock, 1948; Garm, 1949; Wiltbank,
Tyler and Casida, 1953; Bone, 195L; Tanabe and Almguist, 1966; Callahan et al.,
1971; Marion and Gier, 1971; lorrow, 1971). Attempts to group bovine ovarian
abnormalities and associated conditions have been made (Garm, 1949; Wiltbank
et al., 1953; Bone, 195k4; Callahan et al., 1971). Bierschwal (1966) admitted
confusion after reviewing classifications of bovine ovarian abnormalities.

Pelisser (1970) estimated that low fertility cost U. S, dairymen 540
million dollars in 1970. Ovarian abnormalities were directly attributed
to low fertility in iB.B%, 9.7%, 12.3%, 3.6% and 3L.6% of the cows studied by
Casida and Chapman (1951}, Bane (195L4), Hinze (1959}, Porter and Belling (1960)
and Morrow et al. (1966) respectively.

The need for a classification of bovine ovarian abnormalities, and the

financial loss to dairymen because of such abnormalities prompted this study.
Materials and lethods

Ninety-six milking cows in the Kansas State University dairy herd were
rstudied from January through November of 1971, Cows were rectally palpated
on days 8, 12, 15, 22, 30, L5, and 60 postpartum and other days as indicated.
A1l cows were subject to routine herd management. Observations for sipgns
of estrus were made twice daily and more frequently when estrus was impending.
Nine cows with ovarian abnormalities were sacrificed, and one was uni-
laterally ovariectomized. Ovaries were fixed by infiltrating 109 formalin
through the utero-ovarian artery and/or by immersion in 10%¢ formalin within
30'minutes after slaughter or removal. After fixation, trimmed ovaries were

photographed, weighed, measured and immersed in Bouins fluid to harden.
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Representative sections were taken for histological study. An additional
eleven abnormal ovaries were included that had been collected previous to
this study from cows with known reproductive histories.

Tissues studied for micromorphology were washed in 70% ammoniecal aleohol,
dehydrated, infiltrated with 52.50C paraffin and embedded in 560C paraffin.
Sections of & to 10 ;1 were stained with Mallory triple or periodic acid Schiff-

Harris haerotoxylin.
Observstions

Abnormal ovarian structures that developed from a follicle are classi-
fied in Appendix Table I.

Definition of a Follicular Cyst

In this study ovarian follicles 20 mm or larger in diameter and asso-
ciated with abnormal reproductive performance were defined cystic. Mclutt
(1927), Hancock (19L48) and ¥arion and Gier (1968) classified follicles 20 mm
or greater in diameter as cystic. Follicles 25 mm or greater in diametér
were classified as atretic large follicles (Wiltbank et al., 1953) or cystic
follicles (Jorrow et al., 1966). Morrow et al, (1966) and Marion and Gier
(1968) stated that large follicles had to persist 10 days or 16 to 20 days
respectively to be classified cystic. Hinze (1959) found that the size of
large follicles was not related to their function.

Thin Walled Cystic Follicles

These cysts were large (20 to L4O mm), spherical, tense structures. The
stratum granulosa was stretched and was usually one or two cells thick
(figure 9), but could be up to eight (figure 2), The membrana propria
usually was not intact (figure 9). The theca interna contained glandular

cells and varied in thickness from 15 to L55 m (figures 2 and 9).
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Le thery Cysts

Two types of leathery cysts distinguishable only by morphology were
found. The two types were those that show evidence of no ovulation and
those that show evidence of ovulation. Leathery cysts with evidence of no
ovulation were lined with stratum granulosa that may be slightly expanded,
and theca interna that was a few cells thick (figure L). If the membrina
propria was incomplete, the granulosa and theca interna cells usually do not
intermix, but stratum gramulosa and theca interna cells may be slightly inter-
mixed in the thicker portions of the walls. Blood vessels and fibrocytes
were not seen in the stratum granulosa.

ihe central cavivy of leathery cysts with histological evidence of
ovulation was lined with vascularized fibrous connective tissue 80 to 220 p
thick {figure 8). A typical luteal layer .15 to 5 mm thick, not distinguish-
able from luteal tissue in normal corpora lutea, lies peripheral to the fibrous
lining (figures 6 and 8). Stria lined by fibrocytes as seen in normal cor-
pora lutea were seen (figure 6). The stroma is mainly connective tissue and
was greatly stretched,

Corporza Tutea with a Central Cavity

Cysts in this class have a grossly visible ovulation point (figurs 13).
Diameters of the central cavity vary from 7.1 mm to 20.0 mm. A layer of
vascularized fibrous connective tissue 100 to 600 w thick lined the centrzl
cavity (figure 10). Fany nuclei were seen in the fibrous lining adjacent
to the central cavity (figure 11). Peripheral to the connective tissue lining
was a layer of normal blossom and companion cells 0.3 to 6.0 mm thick (fizure 12).
Fibrocytes lined the folds (stria) in the luteal tissue. Connective tissue,

capillaries and epithelium covered the luteal tissue on the free surface.
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Results and Discussion

Thin Yalled Follicular Cysts

Six thin walled follicular cysts were studied and pertinent dava is
surmarized in 2ppendix Table II.

Two animals exhibited frequent and irregular estrus prior to slaughter.
Cne had three cysts of 22.1, 13.0 and 23.1 rm., The largest cyst had five
to six layers of sloughing stratum granulosa. The theca interna containing
some glandular interna cells was one to two cells thick and the membrana
propria was not cerplete., A follicle 10 mm in diazmeter had one to two layers
of stratum granulosa, and the 230 to L55 p thick theca interna contained
many glandular interna cells. The presence of glandular interna cells indi-
cates that both small and large follicles were producing estrogens. The other
cow had one LO mm follicle (figure 18). The granulosa was stretched to one
cell layer, referred to as the "string of pearls" (figure 9). Fyalinization
was visi’ le in the 74-110 p thick theca interna.

One cow had a 35 mm cyst and exhibited signs of psychic estrus 2 and &
days prior to slaughter. Clumps of hypertrophied cells 12 to LO cells per
clurp were found in the stratum granulosa (figure 13). The theca interna
cells were swollen and the membrana propria appeared to be intact, Hyper-
troply of the glandular interna cells indicated thet they could have been
highly secretory.

Two cows were anestrus more than 75 days prior to slausghisr., Both
cows had gross abnormalities of the genitalia (figure 15). One cyst was
found in each cow. Cysts from both cows had less than eight layers of gran-
ulosa and incomplete membrana propria, The theca interna layers were L5 to 55

thick (figure 2).
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One heifer was in estrus 8 days before slaughter, but was anestrus
105 days previous to that estrus. Her ovaries contained five cystic folli-
cles, The stratum granulosum of the largest follicle was stretched to the
"string of pearls" orientation with an occasional double layer. The theca
interna was 230 to 300 p thick with glandular interna cells present. The
membrana propria was not intact.

From the six pairs of ovaries studied both multiple and single thin
walled cysts were found, Morrow (1969) observed only single cysts. Single
and multiple follicular cysts were reported by MeNutt (1927), Clapp (193L),
Har. ock (1948), Bierschwal (1966) amd Callahan et al. (1971). All cows
in this group were in constant estrus, had irregular estrous cycles or showed
no signs of psychic estrus. Garm (1949), Wiltbank Eé_él' (1953), Hinze (1959),
Bierschwal (1966) and Morrow (1969) also found similar variability of estrous
behzvior,

tratwi granulosa cells varying from one to eight layers thick were
found in all thin walled follicular cysts. Carm (1949), Bone (1954) and
Roberts (1961) reported stratum granulosa present in some cysts and absent
in others. The th:ca interna of one cyst was hyalinized comparable to those
reported by “arm (1949) and Roberts (1961)., The theca interna layer of all
cysts was thicker than the 30 to 35 p found in ovulatory and cystic follicles
by Marion et al. (1968).

Leathery Cysts

Data on cows with leatheryicysts are shown in Appendix Table IIT,
lhese cysts were palpated as large tense thick walled structures. Grossly,
they had a smooth vascularized surface (figure 7), and a yellowish layer
of "luteal" tissue lining the central cavity which was thicker at the basal

portion (figure 3). Cysts fitting this description have been reported by
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Benesch and Wright (1951), Dawson 1958), Johnson (1960), Roberts (1961)

aﬁd Marion et al. (1968). Morrow (1971) found that cysts of this type were
difficult to distinguish from cystic follicles and were classified with
cystic follicles.

Reproductive status of the cows with leathery cysts was variable., One
cow was 16 days postestrus, another was 118 days pregnant and the third 27
days postestrus. Other workers have reported anestrus (Benesch and Vright,
1951) and normal estrous cycles (Dawson, 1958) associated with leathery cysts.
Dawson (1958) observed masculine behavior in cows that had both leathery
and thin walled cysts. Micromorphology of one cyst was different from the
other two even though they looked the same grossly. This cyst (L3) was lined
with four to five layers of stratum granulosa and the theca interna was a few
cells thick with some cell enlargement. Stratum granulosa and theca interna
cells were slightly intermixed only in the thicker walls. The membrana pro-
pria was incomplete but no capillaries or fibrocytes were seen in the remain-
ing stratum gramulosa (figure L). Marion and Gier (1971) studied a large
nmumber of follicles and found that capillaries normally did not penetrate
the membrana propria until after ovulation, Based on this evidence follicles
with this cellular arrangement were anovulatory. Marion and Gier (1968)
called cysts of this type luteinized cystic follicles.

Cysts L1 and L2 were palpated as leathery cysts, and no ovulation point
was visible when observed after slaughter. Microscopically, in both cysts
capillaries and fibrocytes were central to a layer of typical luteal tissue
(figure 8). These cysts had the same cellular arrangement as a corpus luteum
with a central cavity. They differ only in their size and absence of an
ovulation point,

Based on the observations of Marion and Gier (1971) and the similarity

of these structures with corpora lutea with a central cavity, leathery cysts
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of this type resulted from incomplete ovulation, This type of cyst may have
formed from a lollicle that had a small stigma at ovulation. Fluid released
at ovulation resulted in a decrease in follicular pressure. Stratum granu-
losa and theca interna cells folded onto each other and intermixed. Capil-
laries and fibrocytes invaded the granulosa. The stigma closed prematurely
resulting in fluid accumulation. The layer of vascularized fibrous connec-
tive tissue lining the central caviﬁy formed when fibrocytes encompassed the
accumlating fluid, The fibrous lining compacted as the cyst increased in
size. The intermixed granulosa and theca interna cells developed the luteal
layer (fizurs 8). Fibrocytic stria resulting from folding of the stratum
granulosa and theca interna layers t ovulation were seen (figure 6).

Jones and Uzlbandov (1972) stated "‘hether ovulation is a prerequisité of
luteinization is unclear." They induced luteinization of rabbit ovarian
follicles with intrafollicular injection of LH or FSH in amounts not large
enough to induce ovulation. All granulosal elements including the cumulus
oophorus, corcna radiata and "membrana granulosa" (stratum granulosa) hﬁper-
trophied vo form lutein cells not distinguishable from lutein cells of a
normai corpus lutcvm, "The corpora lutea formed either as a result of ovu-
lation or of luteinization are competent to produce progesterone, Further-
more, luteinized follicles produce as much progesterone as do corpora lutea
formed after ovulation" they concluded.

Gorpora Tutea with a Central Cavity

Zight of these structures were studied (4ippendix Table IV). Corpora
lutea with 2 central cavity each had a palpable and grossly visible ovulation
point (figure 19). These structures were softer than normal corpora lutea

when palpated as reported by Marion et al. (1966) and Marion and Gier (1968).
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lean outside diameter and diameter of the central cavity were 23.9 mn
and 13.8 mm respectively. Morrow et al. (1966) stated that corpora lutea
that had a central cavity of about 10 mm or larger should be defined as
cy.-btic. Marion and Gier (1968) considered corpora lutea not firm to the touch
and 15 mm or greater in outside diameter cystic.

A layer of vascularized fibrous connective tissue lines the central
cavity (figure 11). Peripheral to the connective tissue lining was a layer
of normal luteal tissue with fibrocytic septa (figure 10).

The reproductive status of cows with a corpus luteum with a centrzl
cavity was variable. Two cows slaughtered LO days or less postpartum had these
cysts. Another cow was anestrus 73 days prior to slaughter, but microscopic
observation revealed the corpus luteum was 5 to 6 dajs old., £ fourth cow
had intervals of 62 and 60 days between the second and third and third =nd
fourth estrous periods before slaughter. She was slaughtered 1L days rost-
cstrus and fetal membranes were present but no embryo was found. The lonz
eslrous intervals could be suggestive of early embryonic death and result-
inz uterine recovery. MeNutt (1927), Morrow (1969) and larion and Cisr (1971)
found thal corpora lutea with a central cavity did not affect estrouz cyele
length.

None of the cows with a corpus luteun with a central ceviily were preg-
nant., A corpus luteum with a central cavity had been found in pregnant cows
(Flder, 1925; iorrow et al., 1966; Zemjanis, 1970). Bone (15%)), Stapic:
ct 21, (19€1) and iarion and Gier (1971) did not find = corpus luteun with 2
central cavity larger than 16 mm associated with normzl pregnancy.

Elder (1925}, Bone (195L), Staples et al. (1961) and larion and Zier (1571)
also reported fibrous connective tissue lining the central cavity with lutesl

tissue peripheral to the connective tissue,
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Corpora lutea with a central cavity were called cystic corpora lutea by
Dawson (1959), Hansel and Vagner (1960), Staples et al. (1961), Forrow (1961),
Zemjanis (1970) and larion and Gisr (1971).

Corpora Iutea with 2 Smooth or Depressed Ovulation Point

Two cows each had a corpus luteun that did not have a palpable ovulation
point. The ovulation poin® of one corpus luteum was depressed (figure 16).
The other corpus luteun had a very émall ovilation point (figure 22), FHisto-
logically the luteal tissue in both was normal. A thick yellow pus and thick
mucus were found in the uterus and cervix respectively of each of these cows.
Neither cow was in heat within £ months before slaughter. Both corpora lutea
were probably retained due to the pus in the uterus.

Rete Cysts

Two abnormalities not resuliing from follicles were examined. These abnor-
malities zppeared to have developed from embryoulc rete ovarii. A 7L rm cyst
was removed by ovariectomy (figure 1L). HNine days pricr to removal there were
no palpable structures on this ovar&. She was in standing heat | days Eefore
ovariectomy, and the cyst was detected the next dsy when she was bred. This
cyst had a single layer of epithelium around the outer surface. The rest of the
structure was vascularized connective tissue (figure 2l;). Grossly this struc-
ture looked like a "granulosa cell tumor" reported by Zemjanis (1970). The
other cow was 9 days postestrus when slaughtered. Small rete cysts were found
in the right ovary (figure 23). Two corpora lutea were present on the right
ovary and the uterus was distended wi i purulent material.

These structures were considerod as dilitation of the embryolozic rete
tissue or rete ovarii, Archibzld et al. {1971) reported that rete ovarii may

have secretory capacity and are influenced by hormones,
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Incoasistencies in Palpation

Four cows werc palpated as having leathery cysts, but palpation data
was not substantiated by postmortem examination. One cow had a cystic fol-
licle (figure 1) with no luteinization (figure 2). Another had a leathery
cyst with histolozical evidence of ovulation (figure 7). The other two cows
each had a corpus luteum with a smooth or depressed ovulation point. These
obsérvations indicate that extreme care should be exercised in positively
identifying ovarizn structures. Follow-up examinations and reproductive
records would be helpful in research or treatment situations. Precise diag-

nosis 1s not possible all of the time.
Summary

Ninety-six cows from the Kansas State University dairy herd were pal-
pated from parturition to 60 days postpartum during 1971. lLine abnormal
ovaries from these and other cows in the herd were collected. in additionszl
eleven abnormal ovaries that had been collected previous to this study were
included.

Ovarian abnormalities were classified from macromorphology and micro-
morphology. Four types of abnormals were classified: 1) thin walled fol-
licular cysts, 2) luteinized follicular cysts, 3) ovulated leathery cysts,
and i) corpora lutea with a central cavity.

1) Ovarian follicles 20 mm 2nd larger and associated with abnormal repro-
ductive performance were defined cystic. Thin walled cystic follicles were
large (20 to LO mm), spherical tense structures. The stratum granulosa was
one to eight cells thick. The membrana propria usually was not intact. The
theca interna contzined glandular cells and varied in thickness from 15 to

L55 p. Such follicles were associated with nymphomania or anestrus.
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2) Luteinized follicular cysté were tense thick walled structures.

These cysts were lined with several layers of hypertronhied granulosa cells.,
The membrana propria was intact in some cysts and not intact in other cysts.
In either case the granulosa was seldomly vascularized., When the membrana
propria was not intact, minimzl mixing of the granulosa and interna was seen.
These cysts persisted for an average of 35 days.

3) Ovulated leathery cysts had not previously been described. They
were larger than hb mm and looked and felt like luteinized follicenlar cysts.
Ovulated leatiery cysts were lined with fibrous connective tissue. 4 layer
of luteal tissue containing blossom cells, companion cells and capillaries
was peripherzl to the fibrous lining and central to ovarian stroma. FEistology
of these structures was like the histology of corpora lutea with a central
cavity. In a previous study of bovine ovaries capillaries were not found
in the granulosa until after ovulation, Because of these two reasons, cysts
of this type apparently form after ovulation.

i) Corpora lutea with a central cavity were soft when palpated. They
had a palpable ovulation point. Mean outside diameter and diameter of the
central cavity were 24,9 mm and i3.€ rm respectively. The central cavity
in 21l cases was lined with vascularized fibrous comnective tissue. A layer
of luteal tissue with fibrocystic septa was peripheral to the fibrous lining.,

Ovarian abnormalities cost U, S. dairymen several million dollars each
year. A satisfactory method of diagnosis must be achieved before effective
treatment and prevention methods czan be utilized, The classification system
develaﬁed from this study and the comparisons of macromorphology and micro-

morphology are a step toward satisfactory diagnosis of ovarian abnormalities,
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Figure 1. A 36.1 mm thin walled follicular cyst that was palpated as
a leathery cyst. There was nho luteinization of the follicular wall
(figure 2), and an abcess was where the right ovary should have been
(figure 15). The cow had been anestrus for 158 days.

Figure 2, ™all of s 36.1 mm cystic follicle (fizure 1). The lumen (L)
is at the top. The stratum granulosa (SC) was about 8 cells thick and
the membrana propria (MP) was intact. The theca interna (TI) was thin
(55 n) and contained few glandular cells. 220 X.

Figure 3. Sagittal section of ovaries containing leathery cysts with
no evidence of ovulation. The ovary on the left had two cysts 28 and
50 mm in diameter with walls 2 to 5 mm. The ovary on the right had a
US mm cyst with a 1 to 2 mm wall and a 20 mm cyst with 5 to 6 mm wall,

Figure L., Section of a2 leathery cyst with no evidence of ovulation. The
granulosa (G) and theca internma (7TI) were expanded but not intermixed
even though the membrana propria was not present. Capillaries were in
the theca externa (TZ), but not in the granulosz or interna. L50 X.

Figure 5. A 41 mm leathery cyst that had evidence of ovulation. Two
corpora lutea were on the oppesite ovary and the cow was 118 days preg-
nant. '

Figure 6, A portion of a leathery cyst with evidence of ovulation
(figure 5), The lumen (L) was immediately to the right. Fibrocytic
septa (FS) and normal luteal tissue (LT) were present. The fibrous lin-
ing was 37 p thick and the luteal layer was 227 p to 5.0 mm thick., 20 X,

Figure 7. A L7.3 rm leathery cyst with evidence of ovulation. This
cyst looked like a follicular cyst (figure 1) but histology was not the
same (figure 8).

Figure €, ™all of the }7.3 mm cyst in fizure 7. The connecitive tis-
sue (CT) lining the lumen (L) was 80 to 220 n thick. The luteal tissue
(LT) layer appeared normal, contained capilleries and was 1L6 to 500 p
thick. Both the connective tissue lining and lutezl loy r were thinner
in the outer portion of the cyst. Ovarian stroma (S) wa. peripheral

to the lutesal tissue, 20 X.
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Figure 2, Wall of a thin walled follicular cyst showing the string of
pearls (SP), one layer of zranulosa cells, [any glandulzr interna cells
with rounded and expanded nuclei were in the theecz interna (TI). 2207,

Figure 10. Portion of a 1l day, 22 mm corpus luteun with a 7.1 rmm cen-
tral caviity. The vascularized connective tissue (CT) lining averaged
223 p thick, Fibrocytic stria (FS) were seen in the luteal tissue (LT)
which was sgeverzl millimeters thick. Fetal membranes were found in the
uterus, 220 .

Figure 11, all of a 20 day, 27.2 rm corpus luteum with an 11 mn centrzl
cavity (figure 19). The connective tissue (CT) lining was 220 p thick

and the luteal tissue (LT) ranced from 2.8 to 6.6 mm, A large number of
capillariss were scen between the connective tissue and luteal tissue., 220 X.

Figure 12, Section of a 13 day, 28 mm corpus luteum with a 20 mm central
cavity. The connective tissue (CT) lining ranged from 120 to 228 p
and the lutesl tissue was 2.2 to 4.0 mm thick, 220 X.

Figure 13. 77all of a 35.l rm thin walled follicular cyst. Ceveral
clurps of hypertrophied cells (HC) were dispersed in the stratum granu-
losa. The nunber of hypertrophicz:d cells in one section in one clwwp
ranged from 5 to 12, Humerous glandular interna cells were in the theca
interna (TI) and their nuclei were rounded 2nd plump. The membranz pro-
pr?a was intact. This cow wss in estrus 2 and }, days before slaughter.
170 X

Figure 1. * 7h.3 rm rete cyst. This structure was palpated as a thir
walled follicular cyst, but was not ovarian tissue (figure 24). 4An

ovary had not been previously palpated on the side in which this cyst

was found. The heifer was 21 days postaboriion when the ovary was removed,
and this cyst was detected 16 days postabortion when the heifer was in
heat,

Figure 15. A 200 mm abcess where the right ovary should have been from
the sams cow as figure 1 and fizure 2. The abecess was excised to show
the thick wall and thick pus.

Fizure 16, Saggitel section of a 26.3 mm corpus luteum with a depressed
ovulation point, The uterus contained pus and the cervix was rlugsed
with thick micus. This cow was sznestrus for € months. Tncorrect diaz-
nosis was a problem with structures like this,
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Fiepure 17. Sagitizl section of both ovaries from a cow that was in con-
stant estrus. Thin walled cystic follicles were multiple.

Figure 18, Sagittal section of both ovaries from a cow that was in con-

sta estrus. The ovary on the left contzined a L0 mm thin walled cystic
follicle, This cyst was lined with the string of pearls as in figure 9.

Both follicles on the other ovary were 15 mm in diameter.

Figure 19. Ovary on the left shows the well vascularized ovulation
point of a2 27.2 rm corpus luteum with an 11 mm central cavity. The lin-
ing of this cyst is shown in figure 11.

Figure 20. Sagittzl section of a corpus luteum with a central cavity.
The ovulation point is at the top.

Figure 21. Sagittal section of two corpora lutea with 2 central cavity
from a heifer.

Figure 22, Ovary on right shows a small ovulation peoint that was flush
with the surface of the ovary. This corpus luteum was 30,9 rm in dianeter
and was not cystic., “this structure felt like a leathery cyst by rectal
palpation. The cow was znestrus for 11 months prior to slaughter and

the uterus and cervix contained pus and thick mucus respectively.

Figure 23. °Small rete cysts (RC) thai were in the basal portion of an
ovary from a cycling cow. Cysts were lined with a single layer of epi-
thelium. 20X.

Figure 2li, Lining of a large rete cyst (fisure 1lh). Connective tissue
(CT) fibers were more compacted close to the lumen (L). The entire
wall of this structure was connective tissue. 194 X,
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Ninety-six cows from the Kansas State University dairy herd were pal-
pated from parturition to 60 days postpartum during 1971. Nine abnormal
ovaries from these and other cows in the herd were collected. An additional
eleven abnormal ovaries that had been collected previous to this study were
included.,

Ovarian abnormalities were classified from macromorphology and micro-
morpholozy. Four types of abnormals were classified: 1) thin walled folli-
cular cysts, 2) luteinized follicular cysts, 3) ovulated leathery cysts,
and ;) corpora lutea with a central cavity.

1) Ovarian follicles 20 mm and larger and associated with abnormal
reproductive performance were defined cystic. Thin walled cystic follicles
were large (20 to LO mm), spherical tense structures. The stratum granu-
losa was one to eight cells thick. The membrana propria usually was not intact.
The theca interna contained glandular cells and varied in thickness from
15 to 455 p. Such follicles were associated with nymphomania or anestrus,

2) Luteinized follicular cysts were tense thick walled structures.

These cysts were lined with several layers of hypertrophied granulosa cells.
The membrana propria was intact in some cysts and not intact in other cysts.
In either case the granulosa was seldormly vascularized. Vhen the merbrana
propria was not intact, minimal mixing of the granulosa and interna was seen.
These cysts persisted for an average of 35 davs.

3) {vulated leathery cysts had not previously been described. They
were larger than LO rmm and looked and felt like luteinized follicular cysts.
Ovulated leathery cysts were lined with fibrous connective tissue. A layer
of luteal tissue containing blossom cells, companion cells and capillaries
was peripheral to the fibrous lining and central to ovarian stroma. Histology

of these structures was like the histology of corpora lutea with a central cavity.



In a previous study of bovine ovaries capiliaries were not found in the gran-
uwlosa until after ovulation., Because of these two reasons, cysts of this
type apparently form after ovulation.

L) Corpora lutea with a central cavity were soft when palpated. They
had a palpable ovulation point. DMean outside diameter and diameter of the
central cavity were 24,9 mm and 13.8 mm respectively. The central cavity
in all cases was lined with vascularized fibrous connective tissue. A layer
of luteal tissue with fibrocytic septa was peripheral to the fibrous lining.

Ovarian abnormalities cost U. 3. dairymen several millisn dollars each
year. A satisfactory method of diagnosis must be achieved before effective
treatment and prevention methods can be utilized. The classification system
developed from this study and the comparisons of macromorphology and micro-

morphology are a step toward satisfactory diagnosis of ovarian abnormalities.





