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Sjaastad, 0. V., A. K. Blom, R. Austad and E. O. 0en: Plasma progesterone in
reindeer in relation to ovariectomy and hysterectomy. Acta vet. scand. 1990, 31,
45-51. - Four semi-domesticated reindeer were ovariectomized and 3 both ovari
ectomized and hysterectomized, 30-70 days before expected parturition. Anaesthe
sia with etorphine/propyonylphenthiazine was followed by an increase in the
plasma concentration of progesterone of peripheral blood. The concentration of
progesterone returned to pre-anaesthetic values before ovariectomy. Ovariectomy
did not result in any substantial change in the plasma progesterone concentration
within an observation period of 35-120 min. Hysterectomy was followed by a
marked decrease in peripheral plasma progesterone within 60 min. The progeste
rone concentration in ovarian venous blood was slightly higher than the jugular
venous blood in I animal and 150 and 400 times higher in the 2 other animals
examined. Thus, despite lack of marked changes of progesterone in jugular venous
blood upon ovariectomy, it is concluded that the ovaries are a major production
site of progesterone in pregnant reindeer.
The progesterone in uterine venous blood was close to that in the jugular vein in I
animal, and slightly higher in 2 others. This observation, and the maintenance of
pregnancy in spite of ovariectomy in 2 out of 4 animals, point to the foeto-placen
tal unit as an additional source of progesterone production.
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Introduction
The balance between the ovaries and the
foeto-placental unit in the production of
progesterone during late pregnancy varies
widely between species. In sheep (Linzell &
Heap 1968, Fylling 1970), guinea-pig (Heap
& Deanesly 1966) and most cows (Erb et al.
1967, Lindell et al. 1981), sufficient pro
gesterone in produced extra-ovarially to
maintain pregnancy. In primates, placenta is
the only production site of importance in
late pregnancy tDiczfalusy & Borell 1961,
Neill et al. 1969), while in goats (Linzell &
Heap 1968, Blom & Lyngset 1971), pigs
(Heap 1972) and also in 2 wild-living rumi
nant species, the red deer and the white-

tailed deer (Kelly et al. 1982, Plotka et al.
1982) only ovarial production of progeste
rone has been demonstrated.
Studies of hormonal changes in reindeer
during pregnancy indicated that at least part
of the progesterone during late pregnancy is
produced extra-ovarially (Rehb inder et al.
1981 , Blom et al. 1983). The objective of the
present study was to examine whether the
indication of extra-ovarial formation of pro
gesterone could be confirmed by ovariecto
my and hysterectomy.

Material and methods
Eight semi-domesticated pregnant reindeer,
expected to calve in the middle of May, were
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transported from a herd at Reros to the Nor
wegian College of Veterinary Medicine
March 6th. Weights at arrival were esti
mated to be approximately 60 kg. The ani
mals were kept in an outdoor pen of I0 x 10
m and fed pelleted reindeer food with a
crude protein concentration of 13.7% (Ja
cobsen & Skjenneberg 1979) and lichen at
appetite. The consumption of pellets was
minimal the first days .
Three weeks after arrival I animal (no 4)
aborted spontaneously.
During the period prior to surgery, jugular
venous blood was drawn at intervals into
heparinized vacutainers. Five animals were
subjected to surgery about 50-70 days before
expected parturition, 2 only ovariectomized
and 3 also hysterectomized. The remaining
2 were ovariectomized about 30 days before
expected parturition. The animals were star
ved overnight and immobilized by a combi
nation of etorphine (M99), 2-4 mg and pro
pyonylphenthiazine (Combelenl8), 6-12 mg,
given intramuscularly. In 3 animals, supple
mentary injection of etorphine (1-2
mg)/Combelen had to be given during the
operation. An indwelling catheter was in
serted into he jugular vein and blood samp
les were taken at preset points of time.
The left flank was shawed and Lidocain
adrenalin was used as a local anesthetic. The
uterus was exposed by a flank incision. In 3
of the animals, blood samples were taken
from the ovarian and the uterine vein on the
gravid side before ovariectomy. The hilus of
the ovaries were ligated and the ovaries ex
cised in all animals. The incision was clo
sed, whereupon the animals were given an
etorphine antidot, diprenorphine, 45-60
min . after ovariectomy.
The blood samples were centrifuged within
short time of sampling and the plasma sto
red at - 20'C until analyzed. Progesterone
was measured by radioimmunoassay as de-
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scribed by Schanbacher (1979), with some
modifications. Twenty III plasma and 100 III
phosphate buffer were heated to 60'C for 15
min prior to the addition of tracer and anti
serum. To separate bound and free progeste
rone, dextran coated charcoal was used.
Antiserum to progesterone was bought from
Calbiochem-Behring, Specificity of the anti
serum is given in Biochemical and Immu
nochemical Catalogue, 1984, Calbiochem
Behring. The detection limit of the method,
as read from the standard curves, was about
1.5 nmol/l. Analyses of a control plasma,
run at intervals, deviated with less than 8 %
from the mean value.

Results
Only a few blood samples were drawn in the
period prior to surgery. Although some fluc
tuations were observed, there was a general
decrease in plasma progesterone from the
day after arrival until the day of operation
(Figs. I and 2).
Capturing of the animals followed by injec
tion of etorphine/propyonylphenthiazine re
sulted in a transient increase in plasma pro
gesterone in all animals. In all animals, ex
cept I (Fig. Ia), the concentration of pro
gesterone returned to pre-medication values
before ovariectomy was performed. During
operation, rectal temperature increased to
39.8-43'C. The animals at times exhibited a
varying degree of tremor and panting despite
an anaesthesia which seemed to be fairly
deep.

Ovariectomy
In the animals in which plasma progesterone
returned to pre-anaesthetic values before
ovariectomy, the hormone levels did not
change much during the first 30-15 min
after ovariectomy (e.g. Figs. Ib, 2a & 2b). In
the course of the following days , plasma
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Figure 1. Progesterone in peripheral plasma in 2
reindeer (a: no. 2, b: no. 5) subjected to ovariec
tomy about 30 days beforeexpected parturition.

progesterone fell to values of 3-6 nmol/l
(e.g. Figs. la & Ib).
One animal (no . 2, Fig. la) aborted a live
calf 2 days after ovariectomy. Plasma pro
gesterone was 7.3 nmolll at the day of abor
tion . Another animal (no. I) died 14 days
after the operation. Autopsy indicated peri
tonitis to be the most probable cause of
death. The post-mortem examination also
indicated that the foetus had died within a
few days after operation. Another animal
(no. 3) died I month after ovariectomy.
Autopsy indicated peritonitis as the cause of
death, despite intensive treatment with anti
biotics. In this case the foetus appeared to
have been alive until the death of the
mother. The fourth animal (no. 5, Fig. Ib)
calved at term, 26 days after ovariectomy.
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Uterine and ovarian blood samples
In I animal progesterone in ovarian venous
blood was slightly higher than in peripheral
blood, and in the 2 others 150-400 times
higher (Table I) . Progesterone in plasma of
uterine venous blood was close to that of ju-
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Figure 2. Plasma progesterone of peripheral
blood in 2 reindeer (a: no. 6. b: no. 7) subjected to
ovariectomy and hysterectomy about 70 days be
fore expected parturition.

Ovariectomy and hysterectomy
In the 3 animals (nos . 6-8) in which both
ovariectomy and hysterectomy were perfor
med, plasma progesterone was fairly stable
during the 30 min between ovariectomy and
hysterectomy. During the first 60 min fol
lowing hysterectomy, the concentration of
progesterone in plasma of peripheral blood
decreased substantially (Figs. 2a & 2b).
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Table I . Progesterone concentrations in plasma
of jugular, uterine and ovarian venous blood im
mediately before ovariectomy in 3 reindeer. The
samples were taken about 60-70 days before ex
pected parturition.

Animal Progesterone (nmolll plasma)

no.
Jugular vein Uterine vein Ovarian vein

6 15.9 15.3 26.4
7 5.1 9.2 812
8 6.1 9.9 2675

gular venous blood in I animal and slightly
higher in the 2 remaining.

Ovaries
In all the animals subjected to surgery, the
ovaries of the gravid hom had a corpus lu
teum, 10-12 mm in diameter. In 2 of the
animals, an additional small corpus luteum,
5-6 mm in diameter was also observed. In
none of the animals did the ovary on the
non-gravid side contain any corpora lutea.

Discussion
At the time of arrival at the veterinary col
lege the concentrations of plasma progeste
rone of the pregnant animals agree favour
ably with those observed earlier (McEwan &
Whitehead 1980, Rehbinder et at. 1981,
Blom et al. 1983).
In the present study a drop in plasma pro
gesterone occurred in all animals from the
day of arrival until the day of operation
(Figs. I & 2). This drop in plasma progeste
rone is most likely not a part of the pre-par
tum hormone changes , but rather due to a
change in the animals environment.
A marked but shortlasting increase in plas
ma progesterone took place in all animals
following injection of etorphine/propyonyl
phenthiazine (Figs. I & 2). Such a short
lasting increase in plasma progesterone has
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also been observed upon pentobarbitone
anaesthesia and surgery in goats (Thorburn
& Schneider 1972) as well as cows (Lindell
et al. 1981). The observed increase in plas
ma progesterone, detectable before surgery ,
may be due to anaesthesia itself and /or to a
delayed effect of the stress introduced by the
capturing and the restraint of the animals. In
cows, Janowski et at. (1983) found that lapa
rotomy upon local anaesthesia resulted in
nearly parallel increases in plasma progeste
rone and cortisol. On basis of this parallelity
they suggested the increase in plasma pro
gesterone to be due to increased production
by the adrenals. Since reindeer seem to be
very susceptible to mental stress iRehbinder
& Edqvist 1981), an ACTH mediated in
crease in progesterone production may be
the underlying cause of the post-anaesthetic
increase in plasma progesterone observed in
the present study. Although pre-anaesthetic
values of plasma progesterone were reached
before ovariectomy was performed in all
animals except I in the present study, it is
nevertheless not unlikely that stress/anae
sthesia may have influenced the effect of
ovariectomy and hysterectomy upon plasma
progesterone.
The half-life of progesterone is short in ani
mals in which this has been studied. Pro
vided that this also applies to pregnant rein
deer , the lack of marked changes in plasma
progesterone during the 30-125 min after
ovariectomy should, judged independently
of other findings, strongly indicate that most
of the progesterone is produced extra-ovari
ally. Furthermore, hysterectomy, in contrast
to ovariectomy, caused a rapid, although
varying decline in plasma progesterone
(Figs. 2a & 2b).
Nevertheless, the fact that the progesterone
concentrations in ovarian venous blood su
perceeded those of the peripheral venous
blood by a factor of 150 and 400 in 2 of the
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3 an imals examined, clearly demonstrated
that progesterone is produced by ovarian
tissue . The ratios of plasma progesterone in
ovarian vein/jugular vein were in these 2
animals of the same order of magnitude as
those observed in goats , a species in which
progesterone seems to be produced solely by
the ovaries (Blom & Lyngset 1971, Thor
burn & Schneider 1972, Kelly et al. 1982).
Further, although plasma progesterone did
not decline rapidly upon ovariectomy, the
strongly reduced concentrations the follow
ing day support the assumption of an ova
rian production of the hormone.
In contrast to what should be expected from
the rather high disappearance rate of pro
gesterone upon hysterectomy, plasma pro
gesterone values of uterine venous blood
from the gravid hom were close to those of
jugular venous blood. The last mentioned
observation does not point to the placenta as
a major source of net progesterone secretion,
even when the high blood flow to the uterus
during late pregnancy is taken into con
sideration. However, the continued presence
of progesterone in peripheral blood for
days after ovariectomy (Fig. Ib), although in
low concentrations, as well as the fact that
abortion did not take place in 2 of the ani
mals in which only ovariectomy was per
formed, strongly indicate that progesterone
is also produced extra-ovarially. A lack of
large concentration differences of progeste
rone between jugular and uterine venous
blood, as in the present study, does not rule
out the possibility of the placenta producing
moderate amounts of progesterone. Indeed,
it has been suggested that species differences
in placental production of progesterone are
quantitative rather than qualities (Heap &
Flint 1984). In the bovine, a species in
which a positive arterio-venous difference
across the gravid uterus has not been de
monstrable (Comline et al. 1974, Ferrell et

al. 1983), perfusion experiments of single
placentomas have shown a net secretion of
progesterone in prostaglandin (PGF2a)-tre
ated cows, but not in controls (Conley &
Ford 1987). On basis of their experiments
Conley & Ford (1987) suggested that the pla
centa contributes to the maintenance of
pregnancy after PGF2a-luteolysis or ovari
ectomy in late pregnancy in cows. Wendorf
et al. (1983) however, concluded that the
adrenals are essential for the maintenance of
pregnancy after ovariectomy at day 215 of
gestation. Our data give no definite informa
tion on the nature of the extra-ovarian
source of progesterone in reindeer, but they
show its existence also in this species .
In the present study, apparently conflicting
results were obtained by analyses of ova
rian/jugular venous blood versus the results
of ovariectomy. The high ratio ovarian/ju
gular venous progesterone was not combined
with an expected rapid fall in the concentra
tions of plasma progesterone upon ovariec
tomy. This discrepancy might be an effect of
anaesthesia and /or surgical stress . In addi
tion to the implications of parallel changes
in cortisol and plasma progesterone (Janow
ski et al. 1983), it might be worth mention
ing that injection of vasopressin and adrena
lin , hormones which are raised in circula
tory crises, have been shown to increase
plasma progesterone in pregnant women
(Fylling 1971). Further, plasma progesterone
increases in heavy exercise in humans (Ter
jung 1974, Bonen et al. 1979, Gravel et al.
1979, Keizer et al. 1980), probably due to
decreased liver clearance. Such effects as re
ferred above might have masked an effect on
plasma progesterone upon removal of the
major production source that might other
wise have been demonstrable. The stress
effects, if present, may vary in time and
magnitude, and may thus also explain the
variations between an imals in the changes in
plasma progesterone upon hysterectomy.
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Sammendrag
Plasma progesterone hos reinsdyr ved ovariektomi
og hysterektomi.
Fire tamrein ble ovarieektomert og 3 dyr ble i til
legg deretter hysterektomert 30-70 dager fer for
ventet kalving. Etorphine/propyonylphenthiazine
anestesi resulterte i en forbigAende ekning i pro
gesteronnivaet i perifert blod. Fer ovarieektomi
ble utfert hadde progesteronnivaet igjen nadd
utgangsnivaet. Ovarieektomi ga ingen markerte
forandringer i plasma progesteronverdiene i obser
vasjonsperioden (35-120 min) . Hysterektomi re
sulterte i et markant fall i progesteronkonsentra
sjon i jugularveneblod i lepet av 60 min .
Progesteronkonsentrasjonen i ovarievenen ble hos
I dyr funnet a vsere moderat heyere, og hos de 2
andre I50-400 ganger heyere enn i jugularvene
blod.
Til tross for manglende effekt av ovarieektomi pA
plasmaprogesteronnivaet, konkluderes det derfor
med at ovariene er et hovedproduksjonssted av
progesteron hos drektige reinsdyr.
Hos I dyr ble progesteronkonsentrasjonen i ute
rusveneblod funnet a vare tilnermet Iik konsen
trasjonen i jugularveneblod, mens det hos de 2
andre var litt forheyet, Denne observasjonen, og
det forhold at drektigheten ble opprettholdt etter
ovarieektomi hos 2 av 4 dyr tyder pA at den feto
placentale enhet bidrar til progesteronproduksjon.
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