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Abstract - To determine if there are inter-relationships between progesterone, oxytocin (OT),
dopamine (DA), noradrenaline (NA) and ascorbic acid, these compounds were measured in the cor-
pus luteum (CL) from cattle at different stages of the oestrous cycle (n = 42) and from 1-5 months
of pregnancy (n = 27). They were measured by radioimmunoassay (RIA), high performance liquid
chromatography (HPLC) and colorimetric methods. Corpora lutea were collected from heifers and
cows within 30 min of slaughter on days 1-5, 6-10, 11-16 and 17-21 of the oestrous cycle. The
stage of pregnancy was determined on the basis of foetal size and development. Each CL was divi-
ded into four parts and stored in liquid nitrogen. For hormone estimation, the tissue was homogeni-
sed/powdered and suspended in phosphate buffer (for OT and progesterone), 0.1 M trichloracetic acid
(TCA; for catecholamines) or in ice-cold metaphosphoric acid (for ascorbic acid). There were no signi-
ficant differences in the measured parameters between cows and heifers, and so the data were com-
bined. The concentration of DA was correlated with NA (r = 0.66; P < 0.001) during the oestrous cycle
and was highest in newly formed CL (P < 0.01) as compared with early CL, regressed CL and CL of
pregnant females. NA was negatively correlated (P < 0.01) with progesterone (r = -0.53) and OT
(r = !.41 In contrast, progesterone and OT were positively correlated with each other (r = 0.81;
P < 0.01) during all stages of the oestrous cycle, but not during pregnancy. The lowest concentrations
of ascorbic acid were observed in regressed CL. Ascorbic acid concentrations were correlated
(P < 0.01) with those of progesterone (r = 0.68), OT (r = 0.42) and DA (r = -0.37). Luteal concen-
trations of ascorbic acid, progesterone and OT followed a pattern consistent with the development and
regression of the CL. Luteal concentrations of catecholamines were not consistent with this pattern.
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Résumé &horbar; Concentrations en catécholamines, acide ascorbique, progestérone et ocytocine
dans le corps jaune (CJ) chez les vaches cycliques et gestantes. Afin de déterminer d’éventuelles
relations entre la progestérone, l’ocytocine (OT), la dopamine (DA), la noradrénaline (NA), et l’acide
ascorbique, ces substances ont été mesurées dans les corps jaunes de vaches à différents stades du
cycle &oelig;strien (n = 42) et entre 1 et 5 mois de gestation (n = 27). Ces substances ont été mesurées res-
pectivement par RIA, HPLC et méthodes colorimétriques. Les corps jaunes ont été collectés dans les
30 mn après l’abattage des vaches ou des génisses, aux jours 1-5, 6-10, 11-16 et 17-21 du cycle
oestrien. Le stade de gestation était déterminé par la taille et le stade de développement du foetus.
Chaque CJ était divisé en quatre parties et gardé dans de l’azote liquide. Pour le dosage des hor-
mones, les tissus étaient broyés et mis en suspension dans du tampon phosphate (pour OT et la pro-
gestérone), 0.1 M d’acide trichloracétique (pour DA et NA) ou dans l’acide métaphosphorique glacé
(pour l’acide ascorbique). Il n’y a pas eu de différence entre vaches et génisses, et les résultats ont été
regroupés. La concentration de DA est corrélée avec celle de NA (r = 0,66 ; p < 0,001 ) pendant le cycle
et cette concentration est plus forte chez les corps jaunes neo-formés (p < 0,01) que chez les corps jaunes
fonctionnels cycliques, régressés ou chez les CJ de gestation. NA est corrélée négativement avec la pro-
gestérone (p < 0,01) (r = -0,53) et l’OT (r = -0.41). À l’inverse, la progestérone et l’ocytocine sont
positivement corrélées (r = 0,81; p < 0,01) pendant toutes les phases du cycle oestrien, mais pas pen-
dant la gestation. La concentration la plus basse d’acide ascorbique est observée sur les corps jaunes
regressés. La concentration d’acide ascorbique est corrélée avec celle de progestérone (p < 0,01 ;
r = 0,68), l’OT (r = 0,42) et la DA (r = -0,37). Les concentrations lutéales d’acide ascorbique, de
progestérone et d’OT suivent une évolution en accord avec le développement et la régression du CJ.
Les concentrations lutéales des catécholamines ne montrent pas la même évolution. &copy; Inra/Elsevier,
Paris
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1. INTRODUCTION

Progesterone plays a key role in the reg-
ulation of the oestrous cycle and pregnancy
in most mammals including cattle. Its syn-
thesis and secretion are controlled by
gonadotrophins but also supported by
numerous locally produced factors which
act in an autocrine and paracrine fashion.
One such factor, oxytocin (OT), stimulates
progesterone secretion [29, 36] in early and
fully matured corpora lutea (CL); but in
order to demonstrate this, the whole CL or
luteal slices, rather than dispersed luteal
cells, are required [34]. Adrenergic inner-
vation of the adult ovary affects CL func-
tion in many species, as shown in studies
carried out in vivo [16, 17] and in vitro [3,
5]. Moreover, noradrenaline (NA) is syn-
thesised in bovine CL from its precursor
dopamine (DA) [19]. Concentrations of NA
and adrenaline in peripheral plasma do not
vary significantly with the stage of the
oestrous cycle in pigs [2]. In humans, how-

ever, plasma levels of NA are significantly
higher during the luteal than during the fol-
licular phase [8]. The ovarian content of
NA, which reflects ovarian innervation,
increases two to ten times during sexual
maturation in rats [4] and declines during
the ageing process [9]. Follicular differen-
tiation in newborn rats, when ovaries are
insensitive to gonadotrophins, depends on
direct neurogenic influences [28].

It was found that both basic and gonado-
trophin-stimulated progesterone secretion
by luteal cells were higher after progesterone
treatment [14, 38]. Recently, we discovered
that progesterone stimulates its own syn-
thesis in early CL, by an increase in 3(3-hydro-
xysteroid dehydrogenase (3Ø-HSD) activ-
ity, whereas an antiprogesterone (onapros-
tone, Schering AG) decreases the activity
of this enzyme [20]. Therefore, concentra-
tions of both progesterone and OT in each
CL provide an index of both luteal function
and the degree of autocrine stimulation of
activity.



Ascorbic acid is believed to act as an
antioxidant, neutralising the oxidative by-
products of cellular respiration in luteal cells,
as an enzymatic cofactor in collagen syn-
thesis and as a promotor of steroid and pro-
tein hormone synthesis [27]. It is present in
cells involved in steroidogenesis, including
those of the CL. Isolated CL from cattle

[33], pig [13] and baboon [15] are able to
secrete progesterone in a pulsatile manner.
Thus, even though the CL is regulated by
the hypothalamo-hypophysial system, it has
a marked degree of autonomy and factors
such as catecholamines, ovarian oxytocin,
progesterone and ascorbic acid can operate
locally to support its function. To under-
stand the inter-relationships between local
ovarian factors which may affect CL func-
tion, we measured progesterone, OT, DA,
NA and ascorbic acid in bovine CL from
different stages of the oestrous cycle and
during the first 5 months of pregnancy.

2. MATERIALS AND METHODS

2.1. Corpora lutea collection

Ovaries with CL from heifers (n = 22) and
cows (n = 20) of unknown reproductive status
were collected within 30 min of death at a com-
mercial slaughterhouse. Four stages of CL growth
(days 1-5, n = 7; 6-10, n = 12; 11-16, n = 15;
and 17-21, n = 8 of oestrous cycle) were esti-
mated according to Ireland et al. [ 10]. The stage
of pregnancy (end of month 1 until month 5;
n = 27) was determined on the basis of foetal
size and development. Immediately after collec-
tion, CL were perfused through the ovarian artery
with ice-cold saline to remove blood; they were
then divided into four parts and stored in liquid
nitrogen.

2.2. Homogenisation of luteal tissue

The deep frozen tissue was homogenised
(powdered) by means of a Vibratory Mill (Retsch
MM-2). Portions of the weighed tissue powder
were suspended in either phosphate buffer (for
OT and progesterone determination), 0.1 M tri-
chloracetic acid (TCA; for catecholamines) or
in 3 % ice-cold metaphosphoric acid with

2.5 mmol-’ EDTA (for ascorbic acid). Proges-
terone and OT were extracted from the powdered
tissue as described by Tsang et al. [39]; recoveries
averaged 90 and 85 %, respectively, and data
were corrected for the procedural losses.

2.3. Hormone determinations

The concentrations of progesterone and OT
were measured by radioimmunoassay (RIA) as
described earlier [17, 19]. The sensitivities of the
assays were 3 pg!mL-’ for OT and 0.3 ng.mL -1 for

progesterone. Intra-assay variations were 7.5 and
7.4 %, respectively.

Tissue concentrations of NA and DA were
determined by high performance liquid chro-
matography (HPLC) with electrochemical detec-
tion (HP 1049A; Hewlett-Packard). Cate-
cholamines were extracted from the powdered
luteal tissue (200-300 mg) with a ten-fold excess
(w/v) of 0.1 M trichloroacetic acid containing
0.01 % NazSz05 and 0.000 3 % ascorbic acid.
The remainder of the procedure was as described
earlier [19]. Recovery from this assay was 71 %
and the final data were corrected for procedural
losses.

For the ascorbic acid determination, pow-
dered tissue was suspended in an ice-cold
metaphosphoric acid 3 % w/v solution, contain-
ing 2.5 mmol EDTA-L-1. It was assayed by the
colorimetric method of Smith [37] with the mod-
ification described by Luck and Zhao [26]. The
sensitivity of the assay was 15-20 mol-L-1 and
the intra-assay coefficient of variation was 7.6 %.

2.4. Statistical analysis

Data were evaluated by one-way ANOVA
and differences between means were assessed

by Tukey’s test for unequal numbers of samples.
The presence of significant variation shown by
ANOVA was confirmed by the Kruskal-Wallis
test because the normality of the data distribu-
tion could not be assumed.

3. RESULTS

There were no significant differences in
the measured hormones between cows and
heifers and between particular months of
pregnancy, so these data were combined for



further analysis. The concentrations of DA
and NA were correlated with each other

(r = 0.66; P < 0.01) during the oestrous
cycle. However, quantities of these sub-
stances were highest in newly formed CL
(P < 0.01) compared with CL from other
stages of the cycle and those of pregnant
females. The concentration of DA was two
to four times higher than that of NA in all
CL except for those of pregnancy (figure 1 ).
NA was negatively correlated (P < 0.01)
with progesterone (r = -0.53) and OT

(r = -0.41; table n, whereas progesterone
and OT were correlated with each other

(r = 0.81; P < 0.01) during all stages of the
oestrous cycle, but not during pregnancy
(figure 2; table !. The concentration of
ascorbic acid (figure 3) followed those of
progesterone (r = 0.68; P < 0.001) and OT
(r = 0.42; P < 0.01). The lowest concentra-
tion of ascorbic acid was observed in

regressed CL (P < 0.01) compared with CL
from the second stage of the oestrous cycle
(II) and pregnancy !gure 3).



4. DISCUSSION

Low concentrations of DA and NA were
observed in fully developed CL during the
oestrous cycle and gestation; between three
and five times more of these catecholamines
were found in newly formed and regressed
CL. The present data confirm our earlier

observations that although stimulation of
CL (3-receptors by catecholamines is impor-
tant during all stages of its development,
the most important role of the noradrenergic
system does appear to be in the early CL.
We also found that the amount of DA in the
CL is two to four times higher than NA. The
high correlation between DA and NA



(r = 0.66) and the presence of dopamine
(3-hydroxylase in bovine CL reported in
another study [3], provide evidence that NA
could be synthesised de novo in this tissue as
shown earlier by Kotwica et al. [19]. The
origin of DA in bovine CL is not clear. Bat-
tista et al. [3] and Denning-Kendall et al.
[6] suggested that DA cannot be synthesised
within the CL; they assumed that mast cells,
stromal adrenergic nerves or the peripheral
circulation are the source of DA, which is
then preferentially taken up by luteal cells.

Although DA concentrations in CL are
very high and can increase progesterone and
OT secretion in vitro, DA receptors do not
participate in this stimulation [19]. Thus, it
is assumed that DA itself does not affect
CL function directly. Since the CL contains
dopamine (3-hydroxylase and is the site of
NA synthesis, we suggest that the only role
of DA in the CL is that of a precursor for
NA synthesis. However, in rat ovarian cells
it was shown that DA and DA agonists
increased progesterone in the media by an
increase in 3(3-HSD activity [1]. This would
suggest some differences between species.

The present data showed that the level
of ascorbic acid within the CL changed sig-
nificantly with the stage of the oestrous cycle
in a manner similar to changes in proges-
terone content both in heifers and in cyclic
and pregnant cows. This may reflect the
increasing need for antioxidants as steroido-
genic activity increases within CL. Rapoport
et al. [32] demonstrated that in bovine CL
ascorbate was significantly correlated with
cytochrome P-450scc and plasma proges-
terone levels. Thus, they proposed that the
correlation between the levels of some
antioxidant enzymes and compounds with
progesterone levels indicates that antiox-
idative mechanisms are activated to cope
with steroidogenesis in the bovine CL. The
data by Luck and Jungclas [24] provide evi-
dence for the involvement of ascorbic acid
in the stimulation of progesterone synthe-
sis and OT secretion from bovine granulosa
cells in vitro [25]. Thus, maximal luteal and

follicular function was associated with
increased concentrations of total ascorbate
within the tissue in pigs [30] and in cattle
[26], although its precise role in steroido-
genesis has not been established [22].

Catecholamines require ascorbic acid for
their biosynthesis [22] and ascorbate seems
to synergise with catecholamines in stimu-
lating ovarian oxytocin secretion [7, 23, 24].
The lack of correlation between ascorbic
acid and catecholamines in our study sug-
gests that ascorbic acid is less important for
catecholamine protection from oxidation
within the CL. The concentration of ascor-
bic acid in CL is markedly decreased during
luteal regression. It has been shown that
prostaglandin F2a (PGF) caused a rapid
depletion of luteal ascorbate stores when
given to rats [3, 21, 35] and pigs [31]. The
ability of PGF to stimulate ascorbate secre-
tion implies that this process is crucial for
luteal regression.

The correlation of OT and progesterone
in cyclic CL supports the concept that OT
can be involved in the secretion of proges-
terone [34]. The OT prohormone is only
synthesised in the ovaries during the first
few days of the oestrous cycle [12] and once
depleted during the cycle cannot be replaced
[11]. Therefore, the correlation between OT
and progesterone in pregnant animals (table 1 )
was not observed.

In conclusion, concentrations of cate-
cholamines and ascorbic acid within the
bovine CL vary during the oestrous cycle.
Periods of maximal luteal function are asso-
ciated with an increased antioxidant poten-
tial of ascorbic acid within the CL. More-

over, the time of luteolysis coincides with
losses of ascorbic acid from the bovine CL.
Ascorbic acid may promote luteal function

during the oestrous cycle and help to main-
tain cyclic luteal function as suggested by its
correlation with luteal progesterone and oxy-
tocin content. However, its concentration is
not correlated with those of catecholamines
within the CL.
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