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The aim of this study was to determine the effect of increased levels of
prolactin (PRL) on the concentration of immunoglobulins in the blood, colostrum
and milk of mares. The study was conducted on 12 mares of the Polish Pony breed
(6 in the control and 6 in the experimental group). To induce hyperprolactinaemia
in mares of the experimental group, 750 mg sulpiride was administered orally
once a day. The initial PRL concentration was 52.22 + 11.21 ng/ml in the control
group and 49.39 £ 10.12 ng/ml in the experimental group. In the subsequent days,
the concentration of PRL dynamically changed. Statistical analysis showed highly
significant differences (P < 0.01) between the groups. The concentration of im-
munoglobulins in the blood plasma was at the same level during the experimental
period (32.97-29.08 mg/ml in the experimental group and 28.60-18.11 mg/ml in
the control group). Statistical analysis showed highly significant differences be-
tween the groups in blood plasma immunoglobulin level (P < 0.01). The highest
immunoglobulin concentration was obtained within 12 h after parturition in the
control and the experimental group (23.49 + 2.12 mg/ml and 26.94 £1.72 mg/ml,
respectively). The lowest values were obtained on day 12 after parturition in the
experimental group (10.15 mg/ml + 1.47 mg/ml) and on day 7 after parturition in
the control group (14.30 mg/ml + 2.48 mg/ml). In conclusion, this study did not
provide evidence that the lactogenic hormone prolactin is involved in the transfer
of immunoglobulins into the colostrum in horses.
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treatment

There are complex relationships between the neuroendocrine and the im-
mune system, which is expressed by their ability to interact through a network of
hormones, neurotransmitters and cytokines. The pituitary gland can regulate the
immune system via immunostimulatory hormones such as growth hormone (GH)
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and prolactin (PRL), or through immunosuppressive hormones like adrenocortico-
tropic hormone (ACTH) (Jara et al., 2001). Plasma prolactin concentration in
horses, as in most mammals, is stimulated by the long days of summer, and it is
the lowest during the short days of winter (Nequin et al., 1993). In all verte-
brates, PRL is a peptide consisting of 198 amino acids, acting as a hormone and
having more than 300 different functions. The basic, well-known function of
PRL is to stimulate the development of the alveolar part of the mammary gland
and to induce and maintain lactogenesis. It has a luteotropic effect and stimulates
the formation of progesterone in the corpus luteum. PRL participates in the
stimulation of proliferation and differentiation processes of immune cells and
angiogenesis (Straub et al., 2002; Vera-Lastra et al., 2002). It has been shown
that PRL acts through specific membrane receptors (PRL-R) located in different
tissues (Vera-Lastra et al., 2002). PRL-R participates in the transport of immu-
noglobulins from the blood plasma to the mammary gland. In cows, IgG1 was
found to be specifically transported via transcytosis across the mammary epithe-
lial cells during colostrogenesis (Baumrucker et al., 2010). PRL acts as a survival
factor for immune system cells, protecting them from apoptosis. This occurs, e.g.
in host reactions to stress, when the excessive secretion of glucocorticoids de-
creases the responsiveness of the immune system. Glucocorticoids are known to
be able to induce apoptosis of immune cells (Davis, 1998). However, data on the
interactions of prolactin with the immune system are not clear. The potential
immunosuppressive effect of PRL was associated with a reduced cellular re-
sponse in mice affected by sepsis as well as with their decreased survival (Ober-
beck et al., 2003). Moreover, PRL is involved in the stimulation of antibody pro-
duction by B cells, increasing the production of IgG and IgM presumably by en-
hancing the expression of receptors for IL-2 on plasma cells (Peeva et al., 2004).
Hyperprolactinaemia (HPRL) is often accompanied by the presence of various
autoantibodies, which confirms the stimulating effect of PRL on the production
of immunoglobulins (Buskila et al., 1995).

PRL has been found to play a role in the pathogenesis of various autoim-
mune diseases, such as connective tissue diseases, including systemic lupus ery-
thematosus (SLE), rheumatoid arthritis (RA) or Sjogren’s syndrome (Parada-
Turska et al., 2006). PRL affects the quality of milk. It has been found that the
increased secretion of prolactin before delivery induces the synthesis and secre-
tion of alpha-albumin in the mammary gland (Akers, 1985). PRL deficiency
causes a deterioration in the quality of milk, and in particular reduces the secre-
tion of significant complexes such as lactose, fat and protein (Barber et al.,
1992). In mares, the increase of PRL secretion is associated with an elevation in
the content of some milk constituents such as lactose, triglycerides and proteins
(Forsyth et al., 1975). The hormone stimulates the production of lysozyme and
reduces the high level of ceruloplasmin induced by inflammatory reactions
(Yada et al., 2004). While prolactin is important for the development of the
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mammary gland and the onset of lactation, it is not necessary for the mainte-
nance of milk production throughout lactation. Repeated bromocriptine treatment
of lactating mares, although significantly reducing plasma prolactin concentra-
tions, had no effect either on milk yield or on mammary gland size (Neuschaefer
etal., 1991).

The active transport of immunoglobulins by enterocytes decreases about
15-16 h after delivery, and in foals this process can continue up to 38 h after de-
livery. The decrease of active transport can be explained by replacement of the
intestinal epithelium full of receptors for the Fc fragment (FcRn) by epithelium
without this receptor (Jeffcott, 1974; Tizard, 2013). Taking into consideration the
reports available in the literature, it seems to be confirmed that the level of im-
munoglobulins in the secretion of mammary glands increases during the first
days of the foal’s life. The aim of this study was to test the hypothesis that the
level of prolactin can modulate the concentration of immunoglobulins in the
blood and mammary gland secretions of mares.

Materials and methods

The experimental animals were reared in compliance with the Polish regu-
lations for the humane care and use of animals in research.

Animals

The study was conducted on Polish Pony mares aged 4-19 years and kept
at the Experimental Station of the Department of Reproduction and Animal
Anatomy at the University of Agriculture in Krakéw. Twelve mares were ran-
domly divided into an experimental group (n = 6) and a control group (n = 6).
All animals were clinically healthy before and during the experimental period.
The experiment was conducted under a permission from the Local Ethics Com-
mittee. Parturitions took place from March to June. To induce hyperprolactinae-
mia mares, from the experimental group were administered 2 mg/kg body weight
sulpiride (Sulpiride, Pliva) per os once a day. The experimental dose was esti-
mated on the basis of available reports about hyperprolactinaemia (Besognet et
al., 1997; Mari et al., 2009). The first dose was administered 2—3 hours after par-
turition, and the subsequent doses every day in the morning until the end of the
experiment. The administration of sulpiride was started after parturition. This
timing of sulpiride administration was selected in order not to induce lactation
before parturition.

The dose of 2 mg/kg of body weight was chosen so that it should be sig-
nificantly (three to six times) higher than that reported to induce hyperprolactin-
aemia successfully in other studies (Besognet el al., 1997; Mari et al., 2009).
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Sample collections

Peripheral blood plasma, colostrum and milk were collected before 12 h
and 24 h post partum and then at 3, 5, 7, 10, 12 and 15 days after delivery from
all mares. Blood samples (8 ml) were collected from the jugular vein into tubes
containing heparin (25 pl/ml blood Heparinum natricum, Polfa Warsaw). Plasma
was obtained by the centrifugation of blood samples with 4500 x g for 5 min and
stored at —20 °C until further analysis. Mammary gland secretions (4 ml) were
collected into sterile plastic containers and stored at —20 °C until analysis. All
mares were milked by hand. Immunoglobulin and prolactin levels were meas-
ured in all blood, colostrum and milk samples collected between 12 h and 15
days after parturition.

Measurement of plasma prolactin level

Plasma prolactin concentration was measured by homologous double-
antibody radioimmunoassay with a highly purified equine hormone as standard
for comparison and a specific antiserum raised against this standard. For iodina-
tion and preparation of the calibration curve ePRL (AFP8794B) was used. The
assay validation and methodology were detailed previously (Donadeu and Gin-
ther, 2002). Reagents were supplied by Dr. Parlow (NHPP, Torrance, USA). The
intra- and interassay coefficients of variation (CV) and the mean sensitivity for
PRL were 13.6 = 1.05%, 12.21 £ 1.6% and 1.56 ng/ml, respectively. Analyses
were performed in the laboratory of the Kielanowski Institute of Animal Physi-
ology and Nutrition (Jabtonna, Poland).

Determination of colostrum and plasma immunoglobulins

The level of immunoglobulins was determined by a direct spectropho-
tometric method using a Folin—Ciocalteau reagent and a Metertech SP-8001
spectrophotometer at a wavelength of 750 nm. First the level of total protein (TP)
was determined by the method of Lowry et al. (1951), immunoglobulins (Ig)
were precipitated using polyethylene glycol (25%), and the level of protein (PIP)
in the supernatant was determined. The immunoglobulin level was calculated by
the formula Ig = TP — PIP (Slebodzinski et al., 1982).

Statistical analyses

The SAS (v 9.0) program package (SAS Institute, Cary, NC, USA) was
used for statistical analyses. A PROC MIXED procedure (ANOVA for repeated
measurements) was performed to evaluate the effect of prolactin on plasma and
colostrum Ig concentration. Tukey’s test was used for multiple comparisons.
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Results

In samples collected before 12 h post partum PRL concentration was
4939+ 10.12 and 52.22 £ 11.21 ng/ml in the experimental and the control
group, respectively (Fig. 1). The highest average concentration of PRL was re-
corded on the first day after delivery. Between 12 h and day 5 post partum a
rapid decrease in prolactin level was observed in both groups. The lowest con-
centration of PRL (13.01 ng/ml) was observed 5 days after parturition in the con-
trol group. On the subsequent days, PRL concentration was on a similar level in
both groups. From day 3 post partum till the end of the experiment statistically
significant differences (P < 0.01) in PRL concentration were found between the
control and the experimental group. The profile of PRL changes did not differ
between the groups. During the postpartum period the concentration of immu-
noglobulins in the blood plasma of mares from the experimental group was re-
mained stable, with a slight increase from 30.09 to 32.97 mg/ml by day 5 post
partum (Fig. 2). In the control group, an irregular decrease in immunoglobulin
concentration was observed (from 28.60 to 18.11 mg/ml) up to postpartum day 7.
In the subsequent few days, Ig concentration was at an equal level in the two
groups. From postpartum day 3 till the end of the experiment statistically signifi-
cant differences (P < 0.001) were found between the control and the experimen-
tal groups in immunoglobulin level of the blood plasma. The level of immu-
noglobulins in the mammary gland secretions of mares in both groups varied in
the postpartum period. The highest immunoglobulin content was found in sam-
ples taken before 12 h post partum in both the control (23.49 + 2.12 mg/ml) and
the experimental (26.94 = 1.72) group (Fig. 3). The concentration of immuno-
globulins decreased steadily from day 1 post partum. The lowest values were
found at 12 days after parturition in the experimental group (10.15 mg/ml +
1.47 mg/ml). In the control group the concentrations of immunoglobulins de-
creased up to day 7 post partum (14.30 mg/ml + 2.48 mg/ml). On the subsequent
days immunoglobulin concentration was at a similar level in the control group.
There were no statistical differences between the control and the experimental
group (P <0.0718) in immunoglobulin levels of the mammary gland secretions.

Discussion

Most studies on horses have shown that prolactin secretion is affected by
season (Johnson, 1986; Thompson et al., 1986), feeding (Nadal et al., 1997;
McManus and Fitzgerald, 2000), exercise or stress (Colborn et al., 1991; Thomp-
son et al., 1994), endophyte-infected tall fescue consumption (McCann et al., 1992),
sex and gonadal presence (Thompson et al., 1986), and treatment with dopamine
antagonists (Thompson and DePew, 1997; Donadeu and Thompson, 2002).
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Fig. 1. Plasma concentrations of prolactin (PRL) during the postpartum period (mean + SD)
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Fig. 2. Plasma concentration of immunoglobulins (Ig) and prolactin (PRL) (mean + SD) in the
control (CG) and the sulpiride-treated (EG) groups during the postpartum period
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Fig. 3. Concentration of immunoglobulins (mean + SD) in the mammary gland secretion of control
(CG) and sulpiride-treated (EG) mares and plasma prolactin (PRL) concentration during the
postpartum period

PRL concentration was found to be 70—100 ng/ml on the day of parturition
and then it decreased to 4-20 ng/ml by day 10 post partum (Worthy et al., 1986).
On the day of delivery, Korosue et al. (2013) found differences in prolactin con-
centrations between agalactic and control mares (19.5 and 67.0 ng/ml, respec-
tively). The results obtained for the pharmacologically non-stimulated groups
were similar to those reported by Korosue et al. (2013). Studies conducted by
Chavatte-Palmer et al. (2002) showed that the administration of sulpiride to ster-
ile mares caused an increase in prolactin level from 27.7 to 289 ng/ml and in-
duced lactation. In our experiment, a PRL concentration of 67.84 ng/ml was
found, even though the sulpiride dose per kilogram of body weight was similar.
This may result from the use of different breeds in the two experiments. In our
experiment, mares of a primitive breed were used. Prolactin concentrations are
reported to be higher during the summer than in winter (Thompson and Ober-
haus, 2015). Compared to our study, results from experiments carried out during
the summer (Chavatte-Palmer et al., 2002) have shown that sulpiride has less ef-
fect when PRL concentration is high, in contrast to individual predisposition
(Gentry et al., 2002). In our study, a decrease in prolactin concentration up to day
10 post partum and a subsequent increase in the concentration of this hormone
were observed. These observations support the findings of Worthy et al. (1987)
and Heidler et al. (2003). The increase of prolactin concentration is apparently
caused by suckling of the foals. Separation of mares and foals for several hours
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decreased plasma prolactin concentration in the mares. When the foals were
again allowed to suck freely, plasma prolactin concentrations increased rapidly.
The relationship between the suckling stimulus and prolactin secretion, however,
appears to be less expressed in the horse (Wiest and Thompson, 1987) than in
sheep (Knight et al., 1986) and pigs (Armstrong et al., 1998). Chavatte-Palmer et
al. (2002) also investigated the quality of mammary gland secretions during
pharmacologically induced lactation in non-pregnant and non-lactating mares.
They obtained IgG values of 14-92 mg/ml (one mare had 92 mg/ml and the oth-
ers had 14-23 mg/ml), while in our study the Ig concentrations varied between 2
and 66.1 mg/ml. Generally, immunoglobulin G is the major immunoglobulin in
equine serum, accounting for about 75% of all immunoglobulins (Tizard, 2013).
Most studies are focused predominantly on IgG instead of total Ig because of
their concentration in serum; this is due to the function of IgG, most of which is
absorbed and protect the newborn foal from systemic infections (Sedlinska et al.,
2006). These results may be explained by major ontogenetic impacts on the qual-
ity of mammary gland secretions (Chavatte-Palmer et al., 2002), which was also
observed in our experiment.

In this study, prolactin did not have an effect on the quality of colostrum,
which is consistent with the results obtained by Foisnet et al. (2010) in sows.
Studies on the effect of milk production on the colostrum and hormonal profile
showed that sows with lower colostrum production are characterised by lower
levels of PRL before delivery and between 10 and 20 hours post partum. How-
ever, there was no correlation between milk yield and IgG concentration (Foisnet
et al., 2010). Thus, PRL concentration had no influence on colostral IgG level.
According to some reports (Tallmadge et al., 2009), in foals sufficient [gM and
IgG levels are attained by 2—3 months post partum irrespective of colostrum in-
gestion. Moreover, Lewis et al. (2008) reported delayed endogenous production
of IgG4 7 in foals. Sheoran et al. (2000) reported that IgG4 7 may not be detected
in foals until 63 days of age. It is known that colostrum begins to accumulate in
the udder a few weeks before delivery. Therefore, the lack of correlation may be
explained by the specific immune system of horses. Foisnet et al. (2010) ob-
served significantly higher levels of prolactin and cortisol in sows with induced
farrowing than in sows with natural farrowing. The differences in the concentra-
tions of these hormones did not affect the level of immunoglobulins in the colos-
trum (Foisnet et al., 2011). Similar results were obtained in goats (Castro et al.,
2011). Goats with induced parturition had slightly decreased immunoglobulin
levels in the colostrum with an increased level of prolactin in the blood plasma.
It can also be concluded that an early high concentration of PRL is most likely
responsible for the reduced transfer of IgG into the mammary secretions. Bar-
rington et al. (1999) found that PRL decreases the expression of the bovine
mammary [gG1 receptor at the onset of lactogenesis, resulting in decreased IgG1
level in the colostrum. They demonstrated that the increased level of prolactin in
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the blood plasma does not affect the concentration of immunoglobulins in the
mammary gland secretions. The lack of correlation observed in our experiment
between prolactin concentration and immunoglobulin level in the colostrum may
also be due to late delivery of the agent stimulating the secretion of prolactin.
Barrington et al. (1999, 2001) found a negative correlation between prolactin and
IgG1 concentration as well as IgG1 receptor activity, while lactogenic activity
was increased. It was shown that PRL increases the expression of polymeric re-
ceptors which translocate IgA to the colostrum (Foisnet et al., 2010). In our study
we measured the concentration of total immunoglobulins. Different pathways
controlling the transfer of immunoglobulins to the colostrum and dissimilar in-
fluence of PRL on those pathways may explain the lack of correlation between
PRL and Ig concentration in our study. However, the lack of differences between
the groups for the entire duration of the experiment suggests the validity of the
hypothesis.

In conclusion, increased prolactin level significantly affects the concentra-
tion of immunoglobulins in the blood plasma, increasing their level.
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