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Abstract

An 11-month-old Holstein heifer was presented to
the Western College of Veterinary Medicine for evalua-
tion of precocious lactation associated with a palpably
enlarged right ovary. Ultrasound examination of the
ovaries revealed a 6 inch (15 cm) diameter right ovary
with a multilobulated appearance, and a small left ovary
measuring 0.6 inches (1.6 cm) long by 0.3 inches (0.8
cm) wide. The mammary secretion was consistent with
milk: fat — 3.07%, protein — 4.78%, and lactose — 1.07%
with a somatic cell count of 4.8 x10% mL. Prior to re-
moval of the right ovary by right flank laparotomy, se-
rum hormone levels were measured: testosterone (0.01
ng/mL), estradiol-17f (9.1 pg/mL), progesterone (0.2 ng/
mL), prolactin (5.8 ng/mL), luteinizing hormone (0.14
ng/mL) and follicle stimulating hormone (0.32 ng/mL).
Gross examination revealed that the right ovary weighed
7.34 oz (208 g) and was composed of numerous cysts
(0.2 — 1.6 inches [0.5 — 4 cm] in diameter) containing
fluid or blood. Microscopically, foci of cells of a follicular
or luteal nature were noted. The definitive diagnosis
was a right ovarian granulosa cell tumor, and milk se-
cretion declined rapidly following tumor removal. The
left ovary was monitored ultrasonographically at weekly
intervals to determine onset of cyclicity. Follicular ac-
tivity resumed between three and four weeks post-sur-
gery, followed by detection of a corpus luteum at day 32.
The heifer became pregnant five months post-surgery,
and has since delivered a live calf. This case represents
only the second reported case of precocious lactation as-
sociated with a granulosa cell tumor, and suggests that
cyclicity is likely to return to the contralateral ovary
less than a month after tumor removal.

Résumé

Une taure Holstein de 11 mois a été recue au West-
ern College of Veterinary Medicine pour 'évaluation
d’une lactation précoce associée avec un ovaire droit
palpablement élargi. L'examen aux ultrasons des ovaires
arévélé que 'ovaire droit avait un diametre de 6 pouces
(15 cm) et une apparence multilobulaire tandis que
lovaire gauche était petit et mesurait 0.6 pouces (1.6
cm) de long et 0.3 pouces (0.8 cm) de large. La sécrétion
mammaire ressemblait a du lait : gras —3.07%, protéines
— 4.78% et lactose — 1.07%, avec un comptage de cel-
lules somatiques de 4.8 x 10° /ml. Avant I'excision de
Povaire droit par laparotomie du flanc droit, le niveau
sérique des hormones a été mesuré : testostérone (0.01
ng/ml), estradiol-17b (9.1 pg/ml), progestérone (0.2 ng/
ml), prolactine (5.8 ng/ml), hormone lutéinique (0.14 ng/
ml) et la folliculine (0.32 ng/ml). L’examen
macroscopique indiquait que l'ovaire droit pesait 7.34
0z (208 g) et comportait plusieurs kystes (0.2 — 1.6 pouces
[0.5 —4 cm] de diamétre) contenant du fluide ou du sang.
Au niveau microscopique, plusieurs foyers de cellules
de type folliculaire ou lutéal ont été notés. Le diagnos-
tic final était une tumeur cellulaire granulaire de 'ovaire
droit. La sécrétion de lait cessa rapidement suite a
Pexcision de la tumeur. L'ovaire gauche a été examinée
avec des ultrasons toutes les semaines pour déterminer
le début de la cyclicité. L’activité folliculaire reprit place
entre la troisiéme et quatriéme semaine suivant la
chirurgie et un corps jaune a été détecté au jour 32. La
taure est devenue gestante 5 mois suivant la chirurgie
et a mis bas & un veau vivant. Ce cas est seulement le
deuxiéme cas rapporté d'une lactation précoce associée
avec une tumeur cellulaire granulaire et suggeére que la
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cyclicité peut prendre place dans I'ovaire opposé moins
d’un mois suivant ’excision de la tumeur.

Introduction

There is only one other reported case of precocious
lactation associated with a granulosa cell tumor in a
heifer.2 Chronic treatment with estrogens, estrogens and
progesterone, or estrogen after progesterone exposure
all induce lactation to some extent.? Granulosa cell tu-
mors are frequently hormonally active, producing es-
trogens, progesterone or even androgens, and may vary
in type and quantity of hormone produced over time.*
In nearly all cases, atrophy of the contralateral ovary
occurs, most likely because of inhibin production by the
tumor and consequent suppression of follicle stimulat-
ing hormone. According to one source, the atrophic ovary
will likely regain normal function within a year of re-
moval of the tumor; however, no specific case references
were cited.* The prognosis for return to cyclicity is a
frequently asked question, but there is a paucity of case-
based information in the literature. The objectives of
this clinical evaluation were to investigate the cause of
the precocious lactation, definitively diagnose the rea-
son for the enlarged ovary, investigate the hormones
being produced by the enlarged ovary, and to monitor
the heifer for return to cyclicity following ovariectomy.

Materials and Methods

An 11-month-old, 805 1b (365 kg) Holstein heifer
was referred to the Western College of Veterinary Medi-
cine for evaluation of precocious lactation accompanied
by a palpably enlarged right ovary. A physical examina-
tion, complete blood count, serum chemistry profile and
urinalysis comprised the initial investigation. Serum tes-
tosterone, estradiol-17f3, progesterone, prolactin, lutein-
izing hormone and follicle stimulating hormone
concentrations were determined using validated radio-
immunoassay. A composite sample of mammary secre-
tion was evaluated for fat, protein, lactose and somatic
cell content. Both the left and right ovaries were scanned
ultrasonographically using a 5.0 MHz linear-array
transducer,? enabling the recording of detailed measure-
ments and an evaluation of ovarian composition.

The right ovary was removed via a right-flank lap-
arotomy and submitted for pathological analysis. The
ovarian pedicle was double ligated and observed for
hemorrhage prior to routine abdominal closure. Post-
operative treatment consisted of 500 mg of ceftiofur
sodium® IM for five days.

Following surgery, ultrasonographic monitoring of
the left ovary continued using a 7.5 MHz linear-array
transducer® at approximately weekly intervals, begin-
ning seven days after surgery and continuing until there

was a noticeable change in follicular activity. Specific
parameters of interest included length and width of the
ovary and diameter of the largest follicle. In an attempt
to monitor the ovary for ovulation and the formation of
a corpus luteum an additional ultrasonic examination
was performed three days (day 32 post-surgery) follow-
ing the first change in follicular activity. The heifer was
discharged to the farm of origin and monitored for ex-
pression of estrus. Artificial insemination was performed
at two different estrus periods and pregnancy status was
confirmed by rectal palpation at 60 days post-breeding.

Results

Physical examination revealed a heifer in good con-
dition with a normal vulva and vagina. Body tempera-
ture, heart and respiratory rates were all within normal
range. The udder was enlarged and what appeared to
be milk was leaking from the teats, especially the left
hind. The initial ultrasound examination revealed an
enlarged right ovary approximately six inches (15 cm)
in diameter with a multilobulated appearance; the larg-
est cystic cavity measured 2.2 inches (5.6 cm) in diam-
eter. The left ovary measured 0.6 inches (1.6 cm) long
by 0.3 inches (0.8 cm) wide.

Urinalysis was normal and the serum chemistry
profile was unremarkable except for a slight elevation
in calcium (10.7 mg/dL, normal — 9.14-10.5 mg/dL) and
sorbitol dehydrogenase (23.0 U/L, normal — 4-18 U/L).
The complete blood count was indicative of a stress
leukogram with an increase in segmented neutrophils,
6.958 x 10%/L, and a slight decrease in lymphocyte num-
bers to 2.450 x 10%L. Eosinophil numbers remained in
the low-normal range (0.098x10%L). Table 1 shows the
results of serum hormone analysis.

The endocrine profile was unremarkable; however,
it is noteworthy that the progesterone level was low at
0.2 ng/mL and estradiol 17p was 9.1 pg/mL. The udder
secretion was consistent with milk: fat — 3.07%, protein
—4.78%, lactose — 1.07% and the somatic cell count was
4.8 x 10¢/mL.

Gross examination of the right ovary indicated that
it weighed 7.34 oz (208 g) and was composed of a large
central cavity (Figure 1) and numerous peripheral cys-
tic cavities ranging in size from 0.2 to 1.6 inches (0.5 to

Table 1. Results of serum hormone analysis.

Progesterone (ng/mL) 0.2
Testosterone (ng/mL) 0.01
Estradiol 178 (pg/mL) 9.1
Prolactin (ng/mL) 5.8
Luteinizing hormone (ng/mL) 0.14
Follicle stimulating hormone (ng/ml) 0.32
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Cut surface of the right ovary (granulosa

Figure 1.
cell tumor).

4 cm). Most of these cysts contained clear fluid or blood.
Microscopically, the tissue sections consisted of round
foci within a connective tissue stroma. The foci contained
combinations of cells, blood and empty space. Based upon
the types of cells present, many of the foci were inter-
preted to be mature and secondary follicles whereas
other foci were interpreted to be corpora lutea. Blood-
filled foci were either lined with an endothelium or were
dilated vascular spaces.

Milk production declined rapidly post-surgery and
the udder became progressively smaller. Results of the
serial ultrasound examinations of the left ovary are
shown in Table 2. Follicular activity resumed between
three and four weeks post-surgery. The heifer became
pregnant to an insemination four months later and has
since delivered a live calf.

Discussion
Granulosa cell tumors are the most common ova-
rian neoplasia of cattle® and have been reported in all

age groups. ?*58 Precocious lactation associated with a
granulosa cell tumor, however, has been reported only

Table 2. Results of ultrasound examinations.

once.® Those authors noted that serum estrogen (1446
pg/mL) and progesterone (5.6 ng/mL) concentrations
were elevated and declined shortly after tumor removal.®
Udder development and subsequent lactation appar-
ently require elevated levels of estrogen and progester-
one for a prolonged duration.® Treatment with
progesterone and estradiol 178 for periods of as little as
seven days has been effective in inducing lactation,® but
it is well known that the fluctuations in progesterone
and estrogen associated with cyclicity are not enough to
induce mammary development.?” Estradiol 17p and
progesterone levels recorded in the present case were
unremarkable; much lower than those reported in the
previous case. Elevated progesterone inhibits the posi-
tive effects of prolactin and glucocorticoids on milk pro-
duction and must decline to enable the onset of
lactation.® It seems possible that if serum samples were
collected in the weeks prior to the initial presentation
of this heifer that much higher levels of at least estra-
diol 178 would have been found. Prolactin levels were
not measured in the previous case and were considered
to be within normal range in this case. Prolactin does
play a role in mammary development® and the onset of
milk production, but does not appear to be essential for
the maintenance of lactation.?® Levels of prolactin such
as those reported in this case likely have little effect on
the maintenance of lactation. We did not consider mea-
suring glucocorticoid levels in our workup; however, we
can conclude that the granulosa cell tumor and milk
production were linked as milk production declined rap-
idly following tumor removal.

Atrophy of the contralateral ovary is commonly
associated with granulosa cell tumors. Conclusive evi-
dence implicating testosterone as the cause is lacking.
Hormone production associated with these tumors is
variable and in many cases, including the present case,
testosterone levels are low. The current dogma is that
inhibin production by the tumor cells is responsible for
ovarian atrophy through its suppressive effects on fol-
licle stimulating hormone.* Unfortunately, inhibin lev-
els were not measured in this case, but would have been
a valuable adjunct. One reference indicated that the
atrophic ovary would return to function within a year

Ovary
width,

Ovary
length,
inches (cm)

Days
post-surgery

inches (cm)

CL
diameter,
inches (cm)

Follicular
diameter,
inches (cm)

Day 7 0.78 (2.0) 0.35 (0.9)
Day 14 0.83 (2.1) 0.39 (1.0)
Day 21 0.91(2.3) 0.39 (1.0)
Day 29 1.57 (4.0) 0.63 (1.6)
Day 32 1.46 (3.7) 0.94 (2.4)

0.04 (0.1) #
0.16 (0.4) -
0.20 (0.5) .
0.35(0.9)

0.51(1.3) 0.83 (2.1)
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following removal of the granulosa cell tumor. However,
no specific cases were cited.* In this heifer, follicular ac-
tivity resumed within 14 days of tumor removal with
ovulation occurring before 30 days post-surgery. The in-
vestigators in the previous case also monitored follicu-
lar development on the contralateral ovary. That heifer
appeared to develop a small follicle within 30 days of
tumor removal, but it remained static and was treated
as a cyst. Nevertheless, these two cases suggest that
follicular activity can be expected to return much sooner
than previously thought. The presence of both a corpus
luteum and a large follicle on the left ovary of the cur-
rent heifer on day 32 post surgery seems puzzling. Prior
today 32, it was thought that the development of a single
follicle was being monitored. A possible explanation
might be that ovulation had occurred between days 21
and 29, but the developing corpus luteum was still too
immature to be detected by ultrasonography on day 29.
The 0.35 inch (0.9 cm) diameter follicle noted on day 29
was perhaps the dominant follicle of a new follicular
wave that had emerged two to three days prior.

Conclusion

This case represents the second reported case of
precocious lactation associated with a granulosa cell
tumor in cattle. The contralateral ovary is likely to re-
turn to normal function less than one month after granu-
losa cell tumor removal.

Abstract

Footnotes

2 Aloka SSD 500; Aloka Co., Wallingford, CT
b Excenel® Sterile Powder, Pharmacia Animal Health,

Orangeville, ON, Canada
¢ Aloka SSD 900; Aloka Co., Wallingford, CT
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The Role of Micronutrients in Bovine Periparturient Problems

Mee J.F.
Cattle Practice (2004) 12(2):95-108

Under commercial farming conditions in the Brit-
ish Isles, the micronutrients most likely to cause bovine
periparturient problems are copper, iodine, molybde-
num, selenium and vitamin E. The periparturient prob-
lems most commonly associated with these
micronutrients are perinatal morbidity or mortality,
retained fetal membranes (RFM), immunosuppression,
nutritional muscular dystrophy (NMD) and illthrift.
With the exception of NMD, micronutrient imbalances
are not the most important causes of these problems.
Strong experimental data support the relationships be-
tween RFM, mastitis, NMD and selenium/vitamin E and

congenital defects with iodine, copper, manganese and
vitamin A. Equivocal experimental data but strong case
series data support the relationships between weak calf
syndrome (WCS) and iodine/selenium and neonatal
morbidity/illthrift with selenium/vitamin E and copper.
Case series data support the relationships between abor-
tion and iodine or selenium and abnormal calvings with
selenium or iodine. The high incidence of copper, sele-
nium and cobalt deficiencies has declined over the last
two decades but the low incidence of iodine and vitamin
A deficiencies has remained stable in the UK cattle popu-
lation.
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