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Abstract

Physical exercise is one of the most physiologically stressful stimuli which cause animal to experience
reversible alterations in various homeostatic variables. The aim of this study was to evaluate the effect of gender and
jumping exercise on leukocyte, dopamine and prolactin values and the correlation among these parameters in 20
clinically healthy and regularly trained horses. The horses took part in a three-day jumping competition. Blood
sampling was performed before the first day of competition (T0), within 10 minutes from the end of each race (J1, J2,
J3) and 24 h after the end of ]J3 race (T24) in order to assess dopamine, prolactin and leukocyte values. Two-way repeated
measures analysis of variance showed significant effect of gender (P<0.05) on dopamine and prolactin levels and of
exercise (P<0.0001) on all studied parameters in the geldings and mares. Dopamine values negatively correlated with
prolactin and leukocyte values in the mares and geldings throughout the monitoring period, whereas a significant
positive correlation between prolactin and leukocyte values was found in the mares and geldings. The findings of this
study suggest that the gonads likely influence the activity of dopaminergic system and the degree of prolactin secretion.
The exercise-induced changes in the studied parameters are probably related to the dynamic physiological adaptations
to exercise that allow re-establishment of the homeostatic equilibrium of the organism. The correlation found among
the studied parameters suggests a possible interaction among immune cells and these hormones, supporting the
existence of intercommunication between the endocrine and immune systems.
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Introduction

Physical exercise induces various stress
responses leading to a disturbance of homeostasis and
a number of regulatory systems are called upon to
return the body to a new level of homeostasis (Arfuso
et al,, 2016). In particular, the endocrine and nervous
systems work in concert to initiate and control
movement and all involved physiological processes.
Studies carried out on human species (Rojas Vega etal.,
2011; Hackney, 2008; Sutoo and Akiyama, 2003; Melis
et al, 2003) have shown that, depending on the
intensity and duration, exercise stimulates the release
of the hormone prolactin as well as the dopamine
synthesis, resulting in behavioral and physiological
changes. Prolactin is a peptide hormone secreted by the
anterior pituitary gland involved in many
physiological ~ process including reproduction,
homeostasis, growth and development, metabolism,
immunoregulation and behavior (Bole-Feysot et al.,
1999; Freeman et al., 2000). The neuroendocrine control
of prolactin secretion from the anterior pituitary gland
involves multiple factors including prolactin releasing
(PRFs) and inhibiting (PIFs) factors (Chang and Shin,
1999). Prolactin-releasing stimuli include suckling,
light, audition, olfaction and stress; whereas the main
physiological Prolactin-inhibiting factor is dopamine
(Rojas Vega et al., 2011). It has been stated that the
effects of exercise on prolactin are probably mediated
by the release of PRFs rather than the inhibition of PIF
activity in human studies (Rojas Vega et al.,, 2011),
suggesting that, during exercise, stimulatory input
from PRFs overrides the strong inhibitory effect of
dopamine. Interestingly, increased prolactin levels are
often accompanied by a rise in circulating leukocyte
numbers following exercise in human and murine
species (Field et al., 1991; Luger et al., 1992; Ortega et
al.,, 1997). Thus, greater numbers of immune cells could
interact with increased levels of prolactin in the blood
during exercise, leading to overall stimulation of the
immune system (Ortega et al., 1997). On the contrary,
dopamine has been proposed to be an inhibitor of
leukocyte proliferation in humans (Basu and
Dasgupta, 2000). In vivo studies showed that animals
treated with dopamine agonist developed anemia,
leukopenia, thrombocytopenia and suppressed
antibody response (Nagy et al., 1983). Dopamine is a
member of the catecholamine family of
neurotransmitters whose cell bodies are located in the
pars compacta region of the substantia nigra, an area
implicated in the initiation of movement (Meeusen et
al., 2001). One of the most consistent findings in animal
literature is the observation that, during physical
activity, dopamine content and release are increased in
brain areas rich in dopamine innervation (Bailey et al.,
1993; Hasegawa et al, 2000; Hattori et al., 1994);
whereas little information is available regarding its
circulating plasma levels following exercise. Although
physical exercise has been shown to stimulate prolactin
secretion in equine species (Clavier et al., 2012), what
is not known is whether the exercise-induced prolactin
response is due to an immediate reduction in
dopamine values and whether the levels of these
hormones are associated with the post-exercise
inflammatory process. The aim of this study was to
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investigate changes in the levels of prolactin,
dopamine and white blood cell count in athletic horse
after jumping competition in order to improve the
knowledge about the relationship between the
endocrine and immune systems.

Materials and Methods

The study was carried out on 20 regularly
trained Royal Warmblood Horse Studbook of the
Netherlands (KWPN) horses (10 geldings and 10
mares, 10-12 years old, 500+20 kg mean body weight).
All horses were managed equally, housed in
individual boxes, under natural photoperiod and
environmental condition (mean temperature of 25+6°C
and mean relative humidity of 67+3%). The horses
were fed standard rations constituted of hay (first cut
meadow hay, sun cured, late cut) and a mixture of
cereals (oats and barley, 50% each). The ration was
administered three times a day and water was
available ad libitum. Protocols of animal husbandry and
experimentation were reviewed and approved in
accordance with the standards recommended by the
Guide for the Care and Use of Laboratory Animals and
Directive 2010/63/EU for animal experiments. Each
horse enrolled in the current study was transported to
the competition site the day before the first competition
in order to avoid stress. All horses enrolled in the
current study had the same level of training and the
same experience of jumping competition. The horses
took part in a jumping competition constituted of three
days. Each race session was preceded by a 20 minute
warm-up consisting of walk, trot and gallop with six
jumps (height: from 100 to 140 cm). During the first day
the horses competed for the following technical
specifications: total length, 550 m; obstacle height, 140
cm; and total efforts, 13 (7 verticals, 6 oxer, 1 triple
combination). During the second day the horses
competed for the following technical specifications:
total length, 600 m; obstacle height, 145 cm; and mixed
competition including efforts, 15 (8 verticals, 7 oxer, 1
double combination, 1 triple combination). During the
third day of competition the horses competed for the
following technical specifications: total length, 600 m;
obstacle height, 145 cm; and mixed competition
including efforts, 15 (9 verticals, 6 oxer, 1 double
combination, 1 triple combination). From each animal
blood samples were collected by jugular venipuncture
into two vacutainer tubes with cloth activator (Terumo
Co., Tokyo, Japan) for prolactin and dopamine
analyses, and into vacutainer tubes containing EDTA
(Terumo Co., Leuven, Belgium) for evaluation of
leukocyte concentration. Blood sampling was
performed before the first day of competition (TO0),
within 10 minutes from the end of each race (J1, J2, J3)
and 24 h after the end of J3 race (T24). Immediately
after collection, the blood samples were placed in
refrigerated bags and transported to the laboratory for
analysis. For the assessment of serum dopamine
concentration from each horse one tube with cloth
activator was centrifuged at 1000 x g for 20 minutes,
whereas for the measurement of serum prolactin
concentration the other tube with cloth activator was
centrifuged at 1000 x g for 15 minutes. Serum
dopamine concentration was assessed using a
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commercially available kit by quantitative Sandwich
ELISA method with a sensitivity of 1.0 pg/mL, a
detection range of 6.25-200 pg/mL, and both intra-
assay and inter-assay coefficient of variability of less
than 15%. Serum prolactin concentration was assessed
using a commercially available kit by quantitative
Sandwich ELISA method with a sensitivity of 3.1
ng/mL, a detection range of 6.25-400 ng/mlL, intra-
assay coefficient of variability of less than 8%, and
inter-assay coefficient of variability of less than 12%.
The EDTA whole blood samples were delivered to the
laboratory and processed within 2 hours. Values of
leukocytes were assessed using an automated
hematology analyzer (HeCo Vet C, SEAC, Florence,
Italy). All data are expressed as mean * standard error
of the mean (SEM). Two-way repeated measures
analysis of variance (ANOVA) was applied to
determine statistically significant effect of gender and
jumping exercise on the levels of prolactin, dopamine
and leukocytes. Bonferroni multiple comparison test
was applied for post hoc comparison. The Pearson’s
Correlation test was performed to assess significant
correlations among prolactin, dopamine and leukocyte
values obtained from the jumper horses throughout
the monitoring period. P values <0.05 were considered
statistically ~significant. ~Statistical analysis was
performed using the STATISTICA software package
(STATISTICA 7 Stat Software Inc., Tulsa, Oklahoma).

Results and Discussion

Figure 1 shows the mean values + SEM of
prolactin, dopamine and leukocyte trends recorded in
the geldings and mares throughout the monitoring
period. The results obtained in the present study
showed significant differences in dopamine (P<0.05)
and prolactin (P<0.05) levels due to gender, whereas no
change in leukocyte values was found between the
mares and geldings (P>0.05). In particular, the mares
showed lower dopamine and higher prolactin levels
than the geldings, suggesting that the gonads likely
influence the activity of tuberoinfundibular
dopaminergic system and the degree of prolactin
secretion (Ben-Jonathan and Hnasko, 2001). This
confirms the data obtained by other authors (Colborn
et al, 1991, Thompson et al., 2015) who reported
different levels of circulating prolactin among mares
and geldings. Stimulatory effects on prolactin
production and secretion of estrogen in females and
androgen in males have been reported in other species
and various stimulatory effects of estradiol,
testosterone, and dihydrotestosterone on prolactin
characteristics in ovariectomized mares were
previously demonstrated (Thompson et al., 1991).
Significant effect of physical exercise on dopamine and
prolactin levels was found in both the mares and
geldings (P<0.0001). Particularly, decreased dopamine
values were found in J1, ]2 and J3; whereas an opposite
trend was observed for dopamine levels as confirmed
by the significant negative correlation found between
these hormones. Dopamine, acting on specific brain
areas, is related to the motivation for locomotion
(Sallis, 2000). Exercise has been mentioned as
influencing dopaminergic pathways and receptors
(Melis et al., 2003). Exercise modifies brain function,
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but the mechanism by which it does so is unknown.
Animal studies indicate that calcium ions affect brain
function and calcium activates tyrosine hydroxylase
(Sutoo and Akiyama, 2003), the rate-limiting enzyme
for catecholamine synthesis, in the brain through a
calmodulin-dependent system. The experiments
demonstrated that exercise increased serum calcium
levels and serum calcium was transported to the brain
where it stimulated dopamine synthesis (Sutoo and
Akiyama, 2003). Although it is quite known what
occurs in the central nervous system, little information
is available from literature about the effect of exercise
on dopamine levels at the peripheral level. The
decreased dopamine values found in the present study
inJ1, J2 and J3 at TO and T24 in both the jumper mares
and geldings could be due to the transition of
circulating dopamine in the spleen likely to occur
during a stressful condition (Rothman et al., 2003). In
the spleen, the noradrenergic sympathetic fibers can
take up circulating dopamine, which could then be
released on sympathetic activation to be taken up in
turn by leukocytes through active transport (Gordon
and Barnes, 2003). According to a previous study
carried out on human and equine athletes (Rojas Vega
et al., 2011; Hackney, 2008; Di Giovanni et al., 2015),
increased prolactin values were found after physical
exercise (J1, ]2 and J3) at rest (T0) and recovery (T24) in
both mares and geldings. This prolactin response to
exercise hypothetically could be due to an immediate
antagonism of hypothalamic dopamine input to the
pituitary, or to some other stimulation factors related
the hypothalamic-hypophysial portal system (Rojas
Vega et al,, 2011; Hackney, 2008; Di Giovanni et al.,
2015). Thus, we could assume that the higher prolactin
values after jumping sessions than at rest and recovery
conditions is related to the superimposition of
stimulatory input of prolactin releasing factors such as
thyrotrophin-releasing hormone (TRH), arginine
vasopressin (AVP), vasoactive intestinal peptide (VIP)
and serotonin (5-HT). According to our hypothesis
some authors proposed that exercise-induced
hyperprolactinaemia was related to changes in
peripheral modulators of serotonergic function in
human species (Striider et al., 1997); other researches
carried out in horse showed that the secretion of
prolactin was stimulated after administration of VIP
and AVP (DiGiovanni et al, 2015). The
hyperprolactinemic states following exercise could
have a functional explanation since it is well stated that
high prolactin levels could have suppressive effects on
the reproductive systems in men and women (Ben-
Jonathan et al., 2008). In humans as well as many other
species, reproductive function is linked to energy
reserves and availability (Ben-Jonathan et al., 2008;
Brandebourg and Ben-Jonathan, 2007). It is conceivable
that prolactin rise during exercise serves as a signal for
a reduction in reproductive function due to the
reduced or limited energy available induced by
strenuous activity (Kelesidis and Mantzoros, 2006;
Sone and Osamura, 2001). Moreover, since some types
of immune cells synthesize and secrete prolactin (Ben-
Jonathan et al., 2008; Brandebourg and Ben-Jonathan,
2007; Dimitrov et al., 2004), it is possible that prolactin
plays a key role in the activation of the immune system
following exercise. This hormone might serve as a
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mediator to the post-exercise inflammatory process as
well as a mean to initiate aspects of the process in order
to allow recovery regeneration and adaptation to
exercise (Hackney, 2008). This hypothesis seems to be
reinforced by the significant positive correlation found
between the values of prolactin and leukocytes
throughout the monitoring period. The concentration
of circulating leukocytes, as prolactin levels, was
increased following exercise in both the mares and
geldings. On the contrary, the leukocyte values
negatively correlated with the dopamine levels,
suggesting an opposite effect of dopamine on the
immune system compared to prolactin (Table 1). This
hypothesis agrees with previous studies showing an
inhibitory effect of dopamine on leukocyte
proliferation (Basu and Dasgupta, 2000; Nagy et al.,
1983). The functional significance of dopamine and
prolactin on the immune system is strengthened by the
presence of their receptors and specific endogenous
transport system in leukocytes (Gordon and Barnes,
2003; Suzuki et al.,, 1999). The results of the present

Assenza A. et al. / Thai | Vet Med. 2018. 48(1): 95-101.

study showed a statistically significant increase in
leukocyte levels following exercise, although it
remained within the reference range throughout the
experimental period (Weiss and Wardrop, 2010). The
leukocytosis represents one of the most consistent
effects of exercise on the immune system (Horohov,
2004). Following high intensity exercise, changes in
leukocyte count are likely due to splenic contraction
and catecholamine release (Zobba et al, 2011). In
exciting conditions including exercise activity, the
spleen releases both erythrocytes and leukocytes into
peripheral circulation and catecholamines increase
cardiac output, hydrostatic blood pressure, and
muscular activity. The leukocytes are subsequently
swept from the marginated into the circulating pool,
transiently increasing the leukocytes concentration. In
addition, the mobilization of granulocytes from the
marrow pool caused by exercise-induced increases in
cortisol concentration may play a role in the higher
leukocyte values found after exercise compared to rest
condition (Horohov, 2004).
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Conclusion

The results of this study showed that exercise
led to changes in the values of peripheral dopamine,
prolactin and leukocytes in athletic jumper horses.
These findings are probably related to the complex and
dynamic physiological adaptations in response to
exercise stressor. In addition, the correlations found
between the values of leukocytes and dopamine or
prolactin throughout the experimental period suggest
a possible interaction between immune cells and these
hormones, supporting the existence of
intercommunication between the endocrine and
immune systems.

Conflict of interest statement: The authors do not have
any conflicts of interest with themselves or with other
organizations.

References

Arfuso F, Giannetto C, Giudice E, Fazio F and Piccione
G 2016. Dynamic modulation of platelet
aggregation, albumin and nonesterified fatty
acids during physical exercise in thoroughbred
horses. Res. Vet. Sci. 104: 86-91.

Bailey SP, Davis JM and Ahlborn EN 1993.
Serotonergic agonists and antagonists affect
endurance performance in the rat. Int. J. Sports
Med. 14(6): 330-333.

Basu S and Dasgupta PS 2000. Dopamine, a
neurotransmitter, influences the immune system.
J. Neuroimmunol. 102: 113-124.

Ben-Jonathan N and Hnasko R 2001. Dopamine as a
Prolactin (PRL) Inhibitor. Endocr. Rev. 22(6): 724-
763.

Ben-Jonathan N, LaPensee CR and LaPensee EW 2008.
What can we learn from rodents about prolactin
in humans? Endocr. Rev. 29(1): 1-41.

Bole-Feysot C, Goffin V, Edery M, Binart N and Kelly
PA 1999: Prolactin (PRL) and its receptors:
actions, signal transduction pathways and
phenotypes observed in PRL receptor knockout
mice. Endocr. Rev. 19: 225-268.

Brandebourg EH and Ben-Jonathan N 2007. Adipocyte
prolactin: regulation of release and putative
functions. Diab. Obes. Metab. 9(4): 464-476.

Chang A and Shin SH 1999. Dopamine agonists both
stimulate and inhibit prolactin release in GH4ZR;
cells. Eur. J. Endocrinol. 141: 387-395.

Clavier SC, Donald TL, Caltabilota JrT] and Mitcham
PB 2012. Dose-response of prolactin to increasing
doses of the dopamine receptor antagonist,
sulpiride, in horses: effect of season in mares and
stallions of estradiol pretreatment in geldings. J.
Equine Vet. Sci. 32(14): 245-251.

Colborn DR, Thompson JrDL, Roth TL, Capehart JS
and White KL 1991. Responses of cortisol and
prolactin to sexual excitement and stress in
stallions and geldings. J. Anim. Sci. 69(1): 2556-
2562.

Di Giovanni LC, Thompson DLJr, Valencia NA and
Oberhaus EL 2015. Factor affecting basal and
post-exercise prolactin secretion in horse. J. Vet.
Sci. 35(5): 437-445.

99

Dimitrov S, Lange T, Fehm HL and Born J 2004. A
regulatory role of prolactin, growth hormone,
and corticosteroids for human T-cell production
of cytokines. Brain Behav. Immun. 18(4): 368-374.

Field CJ, Gougeon R and Marliss EB 1991. Circulating
mononuclear cell numbers and function during
intense exercise and recovery. J. Appl. Physiol.
71(1): 1089-1097.

Freeman ME, Kanyicska B, Lerant A and Nagy G 2000.
Prolactin: structure, function and regulation of
secretion. Physiol. Rev. 80(4): 1523-1631.

Gordon J and Barnes NM 2003. Lymphocytes transport
serotonin and dopamine: agony or ecstasy?
Trends Immunol. 24(8): 438-443.

Hackney AC 2008. Characterization of the prolactin
response to prolonged endurance exercise. Acta
Kinesiol. Univ. Tartu. 13: 31-38.

Hasegawa H, Yazawa T, Yasumatsu M, Otokawa M
and Aihara Y 2000. Alteration in dopamine
metabolism in the thermoregulatory center of
exercising rats. Neurosci. Lett. 289(3): 161-164.

Hattori S, Naoi M and Nishino H 1994. Striatal
dopamine turnover during treadmill running in
the rat: Relation to the speed of running. Brain
Res. Bull. 35(1): 41-49.

Horohov DW 2004. Immunological responses to
exercise and training. In: Equine Sports Medicine
and Surgery. Hinchcliff KW, Kaneps AJ and Geor
RJ (eds) Edinburgh, London: Saunders Company
p- 1000-1010.

Kelesidis T and Mantzoros CS 2006. The emerging role
of leptin in humans. Pediatr. Endocrinol. Rev.
3(3): 239-248.

Luger A, Watschinger B, Deuster P, Svoboda T, Clodi
M and Chrousos GP 1992. Plasma growth
hormone and prolactin responses to graded
levels of acute exercise and to a lactate infusion.
Neuroendocrinology 56(1): 112-117.

Meeusen R, Piacentini MF and De Meirleir K 2001.
Brain microdialysis in exercise research. Sports
Med. 31(14): 965-983.

Melis F, Crisafulli A, Rocchitta A, Tocco F and Concu
A 2003. Does reduction of blood prolactin levels
reveal the activation of central dopaminergic
pathways conveying reward in top athletes?
Med. Hypotheses 61(1): 133-135.

Nagy E, Berczi I, Wren GE, Asa SL and Kovacs K 1983.
Immunomodulation by bromocriptine.
Immunopharmacology 6(3): 231-243.

Ortega E, Forner MA and Barriga C 1997. Exercise-
induced stimulation of murine macrophage
chemotaxis: role of corticosterone and prolactin
as mediators. J. Physiol. 498(Pt 3): 729-734.

Rojas Vega S, Hollmann W and Striider HK 2011.
Influences of exercise and training on the
circulating concentration of prolactin in humans.
J. Neuroendocrinol. 24(3): 395-402.

Rothman RB, Clark RD, Partilla JS and Baumann MH
2003. (+)-Fenfluramine and its major metabolite,
(p)-norfenfluramine, are potent substrates for
norepinephrine transporters. J. Pharmacol. Exp.
Ther. 305(3): 1191-1199.

Sallis JF 2000. Age related decline in physical activity:
a synthesis of human and animal studies. Med.
Sci. Sports Exerc. 32(9): 1598-1600.



100

Sone M and Osamura Y 2001. Leptin and the pituitary.
Pituitary 4(1-2): 15-23.

Striidder HK, Hollmann W, Platen P, Wostmann R,
Ferrauti A and Weber K 1997. Effect of exercise
intensity on free tryptophan to branched-chain
amino acids ratio and plasma prolactin during
endurance exercise. Can. J. Appl. Physiol. 22(3):
280-291.

Sutoo D and Akiyama K 2003. Regulation of brain
function by exercise. Neurobiol. Dis. 13(1): 1-14.

Suzuki K, Totsuka M, Nakaji S, Yamada M, Kudoh S,
Liu Q, Sugawara K, Yamaya K and Sato K 1999.
Endurance exercise causes interaction among
stress hormones, cytokines, neutrophil dynamics,
and muscle damage. J. Appl. Physiol. 87(4): 1360-
1367.

Thompson DLJr, Garza FJr, St George RL, Rabb MH,
Barry BE and French DD 1991. Relationships
among LH, FSH and prolactin secretion, storage
and response to secretagogue and hypothalamic
GnRH content in ovariectomized pony mares
administered testosterone, dihydrotestosterone,
estradiol, progesterone, dexamethasone or
follicular fluid. Domest. Anim. Endocrinol. 8(2):
189-199.

Thompson DLJr and Oberhaus EL 2015. Prolactin in
the horse: historical perspective, actions and
reactions, and its role in reproduction. J. Equine
Vet. Sci. 35(5): 343-353.

Weiss D] and Wardrop KJ 2010. Schalm’s Veterinary
Hematology. 6th ed. Philadelphia, Baltimore,
New York, London, Buenos Aires, Hong Kong,
Sydney, Tokyo: Lippincott Williams and Wilkins.

Zobba R, Ardu M, Niccolini S, Cubeddu F, Dimauro C,
Bonelli P, Dedola C, Visco S and Pinna Parpaglia
ML  2011. Physical, hematological, and
biochemical responses to acute intense exercise in
polo horses. J. Equine Vet. Sci. 31(9): 542-548.

Assenza A. et al. / Thai | Vet Med. 2018. 48(1): 95-101.



Assenza A. et al. / Thai | Vet Med. 2018. 48(1): 95-101. 101

UNANELD

NAVDILNALAZN15DDNANAINIBLUUNTEIAAMADI1UIU leukocyte

520U dopamine wag prolactin Tugi

alrue wawwr' amaaly Wsruwan? wWadle wWsrueald? (deuiunld Aaaine’
Soly w5y’ yuld onavdulas Wdle o

nseenidimeiiudansdunaaisineniteleniian uazdewaliiAnnisidsunadluiuys homeostatic saq Tush
dmile maﬁﬂmﬁﬁi’mqﬂsxaqﬁ WeUsuifiunavesnauasnseanmdneuuunselansesiuau leukocyte 526U dopamine waw
swu prolactin wazeuduiussewheiuusmanilusihiflaunmiuassnfildsunsiin S 20 d Teeshyndldidhdaunis
wistunselanduiian 3 Ju waviiudiegnadsy newiuwdsdu (To) Aelu 10 uwﬁﬁuawnéuqmmaLLGdasﬁ’uLLsiazﬂ%”’a U1, J2, J3) uay

¢

24 sii"’ﬂmwé’amﬂﬁ%uqﬂmﬂm%’u 13 (T24) \ieuszidiusysiu dopamine, 528U prolactin wazd 1wy leukocyte HanSHATIE
AMULUTUTIURUUADITIANIINUTT InAUesn dnanaseau dopamine Wag prolactin ?jﬁﬁmmLmnsmffuasmﬁﬁfaﬁﬁﬁquaaﬁ
(P <0.05) waz @vpAdeduiuNaNITEaNAIaINIE (P <0.0001) AENUINSEAU Dopamine Hauduiusidsauiuszau prolactin
Az leukocyte luvaueiinupnudiiusideuinvessedu prolactin wagsiuu leukocyte ludhdudlouasinigneu wa
mMsenuiltlndiui melinadenisinuwessyu dopamine uazsEAUNSMATES prolactin uag n13eaNiAINIEiiNafenNea
wUsiiine Bsenatiertesiunsususveaisiveuuulauniin eadsaugaves homeostatic Tnsagunuanuduiugsening

Funueadgiauiuuayseaveesluy Jsatuayunisifelrdesiuvesseuusenlsvieuagsyuugiaui

AdnAgy: udanse n1seantiasnie leukocytes dopamine Watasn warasn prolactin

LA YIINeImIans NISANWILAYINUETIN UNIINGIBENUFFYT LWAAY) USenasn b
2RIV INNEFITNS, UNIINEIBUUNATY LUFAUT UseinFoma
*g,ﬁ’uﬁwauuwmw E-mail: giuseppe.piccione@unime.it



