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Influence of dopamine as noradrenaline precursor on the
secretory function of the bovine corpus luteum in vitro
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Institute of Animal Reproduction and Food Research of Polish Academy of Sciences, Division of Reproductive Endocrinology and
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1 Dopamine is assumed to affect the ovary function after its conversion into noradrenaline (NA).

2 To study this bovine luteal slices from 11-14 days of the oestrous cycle were preincubated for 24 h
to recover B-receptors and next they were incubated for 1, 2 or 4 h with (a) different doses of dopamine;
(b) dopamine together with a p-antagonist (propranolol) or with a dopamine receptor blocker
(droperidol); (c) dopamine with a dopamine-f-hydroxylase inhibitor.

3 Dopamine stimulated the luteal content of oxytocin (OT) and progesterone. This effect was inhibited

by propanolol but not by droperidol.

4 Dopamine added to the medium was followed by an increase of noradrenaline there. This rise was

dose and time-dependent.

5 The dopamine-B-hydroxylase inhibitor, inhibited the stimulating effect of dopamine on luteal

progesterone and OT content.

6 Bovine corpus luteum can synthesize de novo NA from dopamine as a precursor.
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Introduction

Dopamine stimulates oxytocin (OT) release from the pituitary
of lactating rats, with a potency comparable to that of nora-
drenaline (NA) (Clarke et al., 1979). Results from studies on
other species have suggested that dopamine can affect this
process directly through specific dopamine receptors (Clarke et
al., 1979; Hilditch & Drew, 1985; Cameron et al., 1992), in-
directly through the adrenoceptors by way of a cross-reaction
(Weiner, 1985) or finally dopamine can be converted to NA in
the process catalysed by dopamine-f-hydroxylase (Levin et al.,
1960). Dopamine, which is a precursor for NA, was discovered
to be present in bovine corpus luteum (CL) (Battista et al.,
1989; Denning-Kendall et al., 1991) and was found to stimu-
late OT secretion from CL in conscious heifers (Kotwica ez al.,
1995). NA influences the concomitant secretion of progester-
one and ovarian OT during all stages of oestrous cycle in cattle
(Kotwica et al., 1991; Kotwica & Skarzynski, 1993; Jar-
oszewski & Kotwica, 1994) by acting through the f-adreno-
ceptors (Godkin et al., 1977; Skarzynski & Kotwica, 1993).
Therefore dopamine is assumed to affect the ovarian function
after its conversion into NA. In order to study this, a series of
experiments using an in vitro model were performed.

Methods

Corpora lutea collection and slices preparation

Corpora lutea (CL) from 11-14 days of the oestrous cycle
were collected from the commercial slaughterhouse within 15—
20 min of death, immediately placed on the ice-cold medium
(M-199) containing 10% calf serum, penicillin (10 u ml~"),
streptomycin (100 ug ml~!), amphotericin (2 ug ml~') and L-
glutamine (100 ug ml~'). Luteal tissue was chopped with
scissors (slices 0.1—1 mm?) in sterile conditions and washed 3
times before being subjected to incubation.

! Author for correspondence.

Preliminary experiment

Our earlier studies have shown that pre-slaughter stress causes
almost complete down-regulation of f-receptors in corpus lu-
teum obtained from a commercial slaughterhouse (Pesta et al.,
1994). Since, in present studies we used ovaries from the
slaughterhouse we wanted to determine within what time after
slaughtering the B-receptors in the CL recover. To obtain lu-
teal cells, corpora lutea were mechanically dispersed by cell
dissociation equipment (Sigma Co.). Next cells (500 000 cells/
vial) were pre-incubated for 5, 10, 15, 24, 36 and 48 h (n=6 of
each) and then incubated for 45 min (Pesta et al., 1994) with
either 10° d.p.m. (125 pg) ’H]-dihydroalprenolol (Amersham)
or [*H]-dihydroalprenolol plus 1000 fold excess (125 ng) of
alprenolol (Sigma). Specific binding was calculated.

Experiment 1

This experiment was performed to establish the effective dose
of dopamine. On the basis of data from preliminary studies,
slices (100 mg) from bovine CL (n=12) suspended in 3 ml of
M-199 were pre-incubated for 24 h at 38°C in a humidified 5%
CO, atmosphere each in 4 replicates. Then the medium was
replaced with fresh M-199 supplemented with luteinizing
hormone (LH; 100 ng ml~! positive control) or with five dif-
ferent amounts of dopamine (1073-10~7 M). After 1 h, 2 h
and 4 h of incubation the luteal slices were collected for pro-
gesterone and OT determination. Furthermore, the dopamine
and NA content were determined in luteal slices treated with
1073, 1074, and 10~° M dopamine.

Experiment 2

For determining the receptor type mediating the CL responses
to dopamine, luteal slices were pre-incubated for 1 h with
10~* M propranolol (B-antagonist) or with 10~* M droperidol
(dopamine receptor blocker) for 30 min. The dopamine was
added at a final concentration of 10~° M. Slices were collected
after 60 min of incubation.
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Experiment 3

To study whether CL can itself synthesize NA from dopamine
as a precursor, luteal slices were treated with dopamine
(10~% M) either alone or after pretreatment for 30 min with a
dopamine-f-hydroxylase inhibitor (3-phenylpropargylamine
hydrochloride; 10~° M) (Research Biochemical International,
U.S.A.). Medium and luteal slices were collected for hormone
determinations.

Homogenization of luteal slices

After incubation luteal slices were deeply frozen in liquid ni-
trogen and homogenized (powdered) in a Vibratory Mill (Retsch
MM-2). Next, from powdered tissue, OT and progesterone were
extracted as described previously by Tsang et al. (1990). Re-
covery for OT and progesterone averaged 90% and 84%, re-
spectively. Data were corrected for procedural loses.

Hormone determinations

Progesterone concentrations were determined by radio-
immunoassay (RA; Kotwica et al., 1990). Rabbit progesterone
antiserum (IFP4) had been characterized previously (Kotwica
et al., 1994). The sensitivity of the procedure was 15 pg per
tube. Intra- and interassay variations were 7.4 and 13.9% re-
spectively. The relationships between real (x) and determined
(y) amount of four different concentrations of progesterone
added to the plasma samples is expressed by the linear re-
gression equation (y=1.034 x —0.13).

OT plasma level was determined by using ice-chilled acetone
3 times the volume of the extraction. The hormone was iodi-
nated with 5 uCi of 'I by means of chloramine (Greenwood
et al., 1963); OT (10 pug) and chloramine (10 pg) were in-
cubated for 40 s at room temperature with gentle mixing. The
reaction was interrupted by adding 50 ug sodium metabisul-
phite. Iodination products were separated on Sephadex (G-50)
column (1x35cm). Rabbit OT antiserum (R-1) had been
characterized previously (Kotwica & Skarzynski, 1993). The
efficiency of extraction was 85% and final data were corrected
for procedural losses. The sensitivity of the method was
3 pgml~!. Intra- and interassay variations were 7.5 and
14.6%, respectively. The precision of the procedure is ex-
pressed by the linear regression equation (y =0.99x +0.14).

Tissue concentrations of NA and dopamine were de-
termined by high performance liquid chromatography (h.p.l.c.)
with electrochemical detection (HP 1049A; Hewlett-Packard).
Catecholamines were extracted from the powdered luteal slices
with a 10 fold excess amount of 0.1 M trichloracetic acid
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Figure 1 Specific binding of [*H]-dihydroalprenolol (DHA) by
bovine dispersed luteal cells. [*H]-dihydroalprenolol, 10°d.p.m.
(125pg) was incubated together with 1000 fold excess (125ng) of
cold alprenolol. Columns represent means and vertical lines show
s.e.mean (n=~6).

(TCA) containing 0.01% Na,S,05 and 0.0003% ascorbic acid.
This suspension was mixed by means of an Ultra-Turrax (T25,
IKA). Next the suspension was centrifuged for 20 min at
14000 x g and 500 ul of the supernatant was taken and diluted
with 1 ml of Tris buffer, pH 8.6. The further procedure was as
described previously (Kotwica et al., 1996). The only changes
were 10 ng of isoprenaline was used as an external standard,
the time of catecholamine absorption was prolonged to
17 min, cathecholamine standards were prepared in 0.5 ml of
0.1 M TCA containing 0.01% Na,S,05s and 0.0003% ascorbic
acid and, finally, the mobile phase had a pH=3.5. Recovery
from this procedure was 71% and the final data were corrected
for procedural losses.

Statistical analysis

The secretion of OT and progesterone after dopamine treat-
ment was measured by comparing values after dopamine
treatment with control values. The influence of time of in-
cubation and the dose of dopamine on tissue content of nor-
adrenaline was described by linear regression. The differences
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Figure 2 Progesterone content of luteal slices (n=16) after (a) 1h,
(b) 2h and (c) 4h of incubation with luteinizing hormone (LH;
100mgml~') and different doses of dopamine (DA). **P<0.01;
*** P <(.001; significantly different from control.
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between mean (+s.e.mean) values were determined by one-
way analysis of variance and P<0.05 was accepted as sig-
nificant (InStat, GraphPAD).

Results

Preliminary experiments

From 0 to 24 h of incubation [*H]-dihydroalprenolol specific
binding to luteal slices increased in a time-dependent manner
(Figure 1). The highest specific binding was after 24 h of in-
cubation and it amounted to about 4% of total titrated dihy-
droalprenolol. Then the specific binding gradually decreased.
Hence in all further experiments luteal slices were pre-
incubated for 24 h without any supplements.

Experiment 1

LH increased progesterone concentrations in luteal slices after
1 h (P<0.05), 2 h and 4 h (P<0.01) of incubation indicating
that the luteal slices were reactive during the whole experi-
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Figure 3 Mean content of oxytocin in luteal slices (n=16) after (a)
1h, (b) 2h and (c) 4h of incubation with luteinizing hormone (LH;
100mgml~') and different doses of dopamine (DA). Vertical lines
show s.e.mean. **P<0.01; ***P<0.001, significantly different from
control.

mental period. The increase in progesterone concentration in
luteal slices was most evident after treatment with 10=% M
and 10~° M of dopamine after 1 and 2 h of incubation. All
but the lowest dose of dopamine used increased progesterone
concentration in luteal slices after 4 h of incubation (Figure
2); 10~°> M dopamine increased OT content (P<0.01) in lu-
teal slices after only 1 h of stimulation (Figure 3). Therefore,
for further studies 10> M dopamine was selected even
though the concentrations of dopamine used increased
(P<0.01) NA concentration in luteal tissue (Figure 4). The
decreased dopamine concentration in luteal tissue during in-
cubation was followed by an increase of NA after medium
supplementation with 10~3 and 10~* M dopamine (r= —0.56;
P<0.056) (Figure 4). There was also a correlation between
NA tissue concentration and dose of dopamine in the med-
ium (Figure 5).
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Figure 4 Relationship between dopamine (DA) and NA content in
luteal slices (n=16) depending upon dose of dopamine added into the
incubation medium after (a) 1h, (b) 2h and (c) 4h of incubation.
Effect of dopamine dose on NA content in luteal tissue is illustrated
by linear regression (insets). Stippled columns, dopamine content;
solid columns, NA content.
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Figure 5 Mean content of dopamine (DA, stippled columns) and
NA (solid columns) in luteal slices (n=16) after 1, 2 and 4h of
incubation with (a) 1073, (b) 10~* and (c) 10~3M dopamine. Linear
regression for the NA: dopamine ratio with respect to dopamine dose
is shown in the insets. Note the different scale for each of three
graphs. Vertical lines show s.e.mean.

Experiment 2

The increased luteal content of both progesterone (P<0.01)
and oxytocin (P <0.05) induced by dopamine was inhibited by
medium supplementation with propranolol but not droperidol
(Figure 6).
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Figure 6 Mean luteal content (n=24) of progesterone (a) and
oxytocin (b) after 1h incubation with luteinizing hormone (LH,
100ngml~"), dopamine (DA; 10~°M) together with propranolol
(Prop, 10~*M) or with droperidol (Drop; 10~*M). Vertical lines
show s.e.mean. *P<0.05; **P<0.01 different from control value
respectively.

Experiment 3

The dopamine-f-hydroxylase inhibitor (3-phenylpropargyla-
mine hydrochloride) added to the incubation medium sig-
nificantly inhibited the increased concentrations of
progesterone (P<0.01) and oxytocin (P<0.05) induced by
dopamine in the CL (Figure 7a). Hormonal changes in the
medium were less evident (Figure 7b). This was the main
reason why tissue hormone concentrations were measured.

Discussion

We found previously (Pesta er al., 1994) that pre-slaughter
stress (transportation, new surroundings, fasting etc.) in
commercial slaughterhouses down-regulates luteal f-receptors.
The present preliminary studies revealed that maximal re-
covery of B-receptors in luteal cells was observed after 24 h.
Studies in vivo have shown that NA affects ovarian function
through an effect on f-receptors (Godkin et al., 1977; Skar-
zynski & Kotwica, 1993). Hence ovaries obtained from the
slaughterhouse can be a useful model to study the effect of
catecholamines on CL function. Dopamine stimulated the
content of progesterone and OT in luteal slices within 1 h of
incubation. Since the dopamine receptor blocker (droperidol)
given concomitantly with dopamine did not prevent this sti-
mulant effect, we conclude that CL does not possess dopamine
receptors and that dopamine itself does not affect CL function
directly. However, propranolol given together with dopamine
diminished its stimulating effect (Figure 6). Therefore, it is
assumed dopamine has to be converted to NA to influence CL
function, as shown by use of a dopamine-f-hydroxylase
blocker (Figure 7). We cannot state precisely after what time of
incubation dopamine affects CL. NA (0.3 ug min~' kg™"') in-
fused into the aorta abdominalis in conscious heifers has been
shown to increase ovarian OT concentrations in blood after
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Figure 7 Mean content of progesterone (stippled columns) and
oxytocin (solid columns) in the luteal tissue (a) and in medium (b).
Medium was supplemented with luteinizing hormone (LH;
100ngml~"'), dopamine (DA; 10~°M) or dopamine together with
the dopamine-f-hydroxylase inhibitor (3-phenylpropargylamine hy-
drochloride; DBHi) (105 M). Vertical lines show s.e.mean. *P <0.05,
**P<0.01, ***P<0.001 different from control value, respectively.

2-5 min (Kotwica et al., 1991). However, in the present study
hormones were measured in luteal tissue no earlier than 1 h
after incubation.

Although dopamine was found to be present in bovine CL
its origin is not clear. Battista et al. (1989) and Denning-
Kendall et al. (1991) assumed that mast cells, stromal adre-
nergic nerves or the peripheral circulation is a source of do-
pamine which can be preferentially taken up by luteal cells.
However, these authors proposed that dopamine cannot be
synthesized within the CL. Rich adrenergic innervation of all
parts of the ovary, i.e. adventitia, blood vessels, ovarian me-
dulla, follicles, CL capsules (Burden, 1978; Stefenson et al.,
1981; Sorger et al., 1983) supports this view. In nerve fibres,
dopamine-$-hydroxylase produces NA from its precursor do-
pamine. With luteal slices in the present study we utilized,
supposedly, dopamine-f-hydroxylase from neural fibres, but
this model does not allow us to exclude the presence of this
enzyme in other parts of the CL including luteal tissue.
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