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ABSTRACT: The aim of this study was to investigate whether plasma serotonin (5-hydroxytryptamine [5-HT]) was associated with the presence
of foot pad dermatitis (FPD) in laying hens. FPD birds (n=20) and healthy individuals (n=22) were included. Plasma 5-HT was investigated.
FPD laying hens showed significantly higher 5-HT levels (median = 6 umol/L) compared with healthy individuals (median=4.28 ymol/L, P<.001).
When present, FPD were scored as either 1 (n=12) indicating mildly to moderately abnormal or 2 indicating severely abnormal (n=8). The sub-
jects whose lesions scored 2 had higher plasma 5-HT levels than those whose lesions scored 1. Inflammatory mechanisms seem to be related
to plasma 5-HT levels in laying hens. Assessing plasma 5-HT could be useful to evaluate chicken welfare.
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Serotonin (5-hydroxytryptamine [5-H'T]) is a neuromodulator
involved in many physiological functions. 5-H'T plays a modu-
latory role in temperature regulation, feeding, sexual behavior,
painful stimuli response, flight, and stress.! In birds as in mam-
mals, 5-HT is produced not only in the neuronal system but
also independently in peripheral tissues.? Surprisingly only
about 1% to 2% of the total amount of serotonin is produced by
serotonergic neurons in the brain, whereas close to 95% of the
5-HT in the body is synthesized, stored, and released by cells in
the intestinal mucosa known as enterochromaffin cells.? 5-HT
can be detected in several non-neuronal tissues of the cardio-
vascular and renal systems, as well as in blood.* Mammalian
enterochromaffin cells release 5-HT into the blood, where
platelets have evolved a highly efficient 5-HT uptake and
transport system.” Approximately 95% of 5-HT in blood is
carried in platelets.® Similar to mammals’ platelets, avian
thrombocytes contain serotonin.” In chickens, whole-blood
5-HT is mainly distributed among the following cell types:
thrombocytes (50%), lymphocytes (25%-29%), and poly-
morphs and monocytes (19%-25%).8 Lymphocytes appear to
possess the ability to synthesize, transport, store,and/or respond
to 5-HT.? Circulating 5-HT is considered an accessible model
for the investigation of the central serotonin system.!® In par-
ticular, the similarity of platelets and central serotoninergic
synaptosomes indicates that the first ones can represent a non-
invasive model to study modulation of 5-HT (release and/or
uptake) in neurons. In homeotherms, such as mammals and
birds, circulating 5-HT plays a major role in reducing heat loss
when the environmental temperature is lower than the core
temperature.’? The amino acid tryptophan (TRP) is used for
the synthesis of central and peripheral 5-H'T.13 Both central
and peripheral serotonin levels can be influenced by TRP
availability and enzymatic activity of tryptophan hydroxylase

(TPH). Stress factors, such as social stress, can influence
peripheral 5-HT in chickens. In young chickens, exposure to
elevated corticosterone during incubation resulted in lower
whole-blood 5-HT and higher platelet 5-HT uptake as com-
pared with controls.™

A deficient serotonergic system, potentially due to low TRP
availability and/or reduced TPH activity, was found to be asso-
ciated with psychopathological behaviors in various species,
among which feather pecking has been described in chickens.'
Feather pecking is a repetitive oral behavior in which individu-
als peck repetitively at another bird’s feather cover. Severe
feather pecking influenced hens’ plasma TRP. In the periph-
eral system, the biological roles of 5-HT in behavioral adapta-
tion and motivational regulation are unclear.’” In the genetic
selection for low productivity group hens, higher blood 5-HT
levels were associated with lower survivability resulting from
higher cannibalism.’® Among various physiological functions
of peripheral 5-HT, it is becoming increasingly more evident
that it plays an important role in many different contexts,
including inflammation and immunity.? Although footpad
dermatitis (FPD) has gained considerable attention in broilers,
little attention has been paid so far to FPD in laying hens.?® As
FPD are painful for the hens, they can have negative effects on
their welfare. If the lesions become ulcerated, they can affect
standing and walking ability. Therefore, the aim of this study
was to conduct a pilot study to investigate the concentration of
plasma 5-HT in laying hens and to evaluate the possible rela-
tion between 5-HT levels and FPD.

Materials and Methods
Subjects

Siciliana breed laying hens (n=42), kept in non-cage system at
a commercial farm, were kept under standardized conditions.
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Group A

Group B

Group C

At week 45, a general health check was carried out. Individuals
without FPD (n=22) and with FPD (n=20) were included in
the study. Lesion scoring was performed using the photo-
graphic system described in Welfare Quality Assessment
(WQ) protocol for poultry.?! Individuals without FPD were
assigned to group A. When present, FPD were scored as either
1,indicating mildly to moderately abnormal (n=12), or 2, indi-
cating severely abnormal (n=8), and the subjects were assigned
to groups B and C respectively. The birds were taken out of
their home cage individually and, within 2 minutes, a blood
sample (1.5 mL) was collected from the wing vein. The samples
were stored into EDTA tubes and centrifuged (1.785¢ for
10 minutes). Protocols of animal husbandry and experimenta-
tion were reviewed and approved in accordance with the stand-
ards recommended by the Guide for the Care and Use of
Laboratory Animals and Directive 2010/63/EU.

Plasma serotonin assessment

The plasma aliquots obtained from each sample were trans-
ported to the laboratory in a cooler with an ice block within
1hour of being drawn. Plasma for 5-HT analysis was stored
frozen at -20°C. Samples were analyzed within 1 month of col-
lection. As 5-HT occurs at extremely high levels in birds,?
plasma was diluted in a 1:10 ratio with distilled water before
5-HT measurement. A commercially available ELISA kit
(analytic range 10.2-2500ng/mL, 5-HT ELISAFastTrack T DN
GmbH & Co. KG) was used to measure plasma 5-HT levels,
following the manufacturer’s instructions as previously
described.?3 Intra- and inter-coefficient of variation (CV') were
5.6% and 9%, respectively. The amount of 5-HT in the sample
was estimated with the calibration curve, multiplied by 10 and
expressed in pmol/L.
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Figure 1. Plasma 5-HT levels (umol/L) in 3 experimental groups of laying
hens based on foot-pad dermatitis. 5-HT indicates 5-hydroxytryptamine.

Statistical analysis

The Mann-Whitney test was used to compare 5-HT differ-
ences between individuals with FPD and healthy individuals.
The significance of the differences between the 3 groups was
tested with the 1-way analysis of variance Kruskal-Wallis test
on ranks with Dunn’s multiple comparison post hoc test. A
probability level of P<.05 was considered significant. Data
were analyzed using the software STATISTICA 7.5 (StastSoft
Inc., Tulsa, OK, USA).

Results

Plasma 5-HT differences between healthy individuals and
birds with FPD were significant (P<.01; 4.24 =0.41 and
6.88 = 0.59 umol/L respectively). The comparison among the
groups showed significant differences (Kruskal-Wallis, P<<.01).
Group C had higher 5-HT plasma levels compared with
Group A (P<.01; Figure 1) when all groups were compared.
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Discussion
The aim of this study was to evaluate whether plasma 5-HT in
laying hens could be influenced by a chronic inflammatory
condition such as FPD. Serotonin in chicken has been studied
in plasma®”?° and in whole blood.?*2¢ The use of the periph-
eral 5-HT system as a less invasive model for central 5-HT
system activity has been proposed after discovering the correla-
tion between whole-blood 5-HT and brain 5-HT in laying
hens.’ Unfortunately 5-HT cannot be analyzed in whole
blood by ELISA. As indicated in the manufacturer’s descrip-
tion, this kit is used for the quantitative ultra-sensitive deter-
mination of 5-HT in any species and on various biological
samples (serum, plasma, urine). The present study shows that
high plasma 5-H'T concentrations are associated with FPD in
laying hens. Similar findings were encountered in horses, where
subjects with bowel disorders showed higher plasma 5-HT
than healthy horses.30

We hypothesized that it would be more reliable to assess an
inflammatory response by measuring 5-HT in plasma than in
whole blood because the massive 5-H'T release from platelets/
thrombocytes and lymphocytes into systemic circulation con-
curs to generate inflammation.

Assessing plasma 5-HT could be useful to evaluate chicken
welfare. Further studies and the standardization of the ELISA
method are likely to guide future investigations.

Acknowledgments

We would like to thank Dr. Bruno Scalia for his advice and help
in English correction and Dr. Concetta Saoca and sig. Giuseppe
Bella for their help in the preparation of the manuscript.

Author Contributions

Conceived and designed the experiments: DA, AP, MP.
Performed the experiments: VB, FG.

Analyzed the data: DA.

Wirote the paper: DA.

ORCIDiD

Daniela Alberghina
-0325

https://orcid.org/0000-0003-2826

REFERENCES

1. Lucki I. The spectrum of behaviors influenced by serotonin. Bio/ Psychiatry.
1998;44:151-162.

2. Walther DJ, Peter JU, Winter S, et al. Serotonylation of small GTPases is a sig-
nal transduction pathway that triggers platelet a-granule release. Ce//. 2003;115:
851-862.

3. Gershon MD, Tack]. The serotonin signaling system: from basic understanding
to drug development for functional GI disorders. Gastroenterology. 2007;132:
397-414.

4. Hoyer D, Hannon JP, Martin GR. Molecular, pharmacological and functional
diversity of 5-HT receptors. Pharmacol Biochem Behav. 2002;71:533-554.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Stahl SM, Meltzer HY. A kinetic and pharmacologic analysis of 5-hydroxy-
tryptamine transport by human platelets and platelet storage granules: com-
parison with central serotonergic neurons. J Pharmacol Exp Ther. 1978;205:
118-132.

Anderson GM, Feibel FC, Cohen DJ. Determination of serotonin in whole
blood, platelet-rich plasma, platelet-poor plasma and plasma ultrafiltrate. Life
Sci. 1987;40:1063-1070.

Stiller RA, Belamarich FA, Shepro D. Aggregation and release in thrombocytes
of the duck. 4m J Physiol. 1975;229:206-210.

Meyer MJ, Sturkie PD. Diurnal rhythm of histamine in blood and oviduct of the
domestic fowl. Comp Gen Pharmacol. 1974;5:225-228.

Chen Y, Leon-Ponte M, Pingle SC, O’Connell PJ, Ahern GP. T lymphocytes
possess the machinery for 5-HT synthesis, storage, degradation and release. Acta
Physiol (Oxford). 2015;213:860-867.

Karakulova UV, Selyanina NV, Sumlivaya ON, Vorobyeva NN, Okishev MA.
Involvement of peripheral unit of serotonin energetic system in brain lesions of
different types. World Appl Sci. 2013;26:374-376.

Da Prada M, Cesura AM, Launay JM, Richards JG. Platelets as a model for neu-
rons? Experimentia. 1988;44:115-126.

Maurer-Spurej E. Circulating serotonin in vertebrates. Cel/ Mol Life Sci.
2005;62:1881-1889.

Coates MD, Mahoney CR, Linden DR, et al. Molecular defects in mucosal sero-
tonin content and decreased serotonin reuptake transporter in ulcerative colitis
and IBS. Gastroenterology. 2004;126:1657-1664.

Ahmed AA, MaW, NiY, Zhou Q_, Zhao R. Embryonic exposure to corticoste-
rone modifies aggressive behavior through alterations of the hypothalamic pitu-
itary adrenal axis and the serotonergic system in the chicken. Horm Behav.
2014;65:97-105.

de Haas EN, van der Eijk JA]. Where in the serotonergic system does it go
wrong? Unravelling the route by which the serotonergic system affects feather
pecking in chickens. Neurosci Biobehav Rev. 2018;95:170-188.

Birkl P, Kjaer JB, Szkotnicki W, Forsythe P, Harlander-Matauschek A. Acute
tryptophan depletion: the first method validation in an avian species (Gallus gal-
lus domesticus). Poult Sci. 2017;96:3021-3025.

Cheng HW, Dillworth G, Singleton P, Chen Y, Muirt WM. Effects of group
selection for productivity and longevity on blood concentrations of serotonin,
catecholamines, and corticosterone of laying hens. Poult Sci. 2001;80:
1278-1285.

Buitenhuis AJ, Rodenburg TB, Wissink PH, et al. Genetic and phenotypic cor-
relations between feather pecking behavior, stress response, immune response,
and egg quality traits in laying hens. Pou/t Sci. 2004;83:1077-1082.

Herr N, Bode C, Duerschmied D. The effects of serotonin in immune cells. Front
Cardiovasc Med. 2017;4:48.

Niebuhr K, Arhant C, Lugmair A, Gruber B, Zaludik K. Foot Pad Dermatitis in
Laying Hens Kept in Non-Cage Systems in Austria. Proceedings of 8th Poultry
Welfare Symposium, Cervia, Italy, 18-22 May 2009, p8.

Welfare Quality®. Welfare Quality® Assessment Protocol for Poultry (Broilers, Lay-
ing Hens). Lelystad, The Netherlands: Welfare Quality® Consortium; 2009.
Meyer D. Studies on factors regulating blood serotonin levels in the domestic fowl
[PhD thesis]. New Brunswick, NJ: Rutgers University; 1973.

Alberghina D, Tropia E, Piccione G, Giannetto C, Panzera M. Serum sero-
tonin (5-HT) in dogs (Canis familiaris): preanalytical factors and analytical pro-
cedure for use of reference values in behavioral medicine. J Vet Behav 2019;32:
72-75.

Bolhuis JE, Ellen ED, Van Reenen CG, et al. Effects of genetic group selection
against mortality on behavior and peripheral serotonin in domestic laying hens
with trimmed and intact beaks. Physio/ Behav. 2009;97:470-475.

Rodenburg TB, Bolhuis JE, Koopmanschap RE, Ellen ED, Decuypere E.
Maternal care and selection for low mortality affect post-stress corticosterone
and peripheral serotonin in laying hens. Physio/ Behav. 2009;98:519-523.
Uitdehaag KA, Rodenburg TB, Van Reenen CG, et al. Effects of genetic origin
and social environment on behavioral response to manual restraint and mono-
amine functioning in laying hens. Pou/t Sci. 2011;90:1629-1636.

Buitenhuis AJ, Kjaer JB. Long term selection for reduced or increased pecking
behaviour in laying hens. Worlds Poult Sci J. 2008;64:477-487.

Agnvall B, Katajamaa R, Altimiras J, Jensen P. Is domestication driven by
reduced fear of humans? Boldness, metabolism and serotonin levels in diver-
gently selected red jungle fowl (Gallus gallus). Biol Lett. 2015;11:6-9.

Buitenhuis AJ, Kjaer ]B, Labouriau R, Juul-Madsen HR. Altered circulating
levels of serotonin and immunological changes in laying hens divergently selected
for feather pecking behaviour. Poult Sci. 2006;85:1722-1728.

Delesalle C, van de Walle GR, Nolten C, et al. Determination of the source of
increased serotonin (5-HT) concentrations in blood and peritoneal fluid of colic
horses with compromised bowel. Equine Vet J. 2008;40:326-331.


https://orcid.org/0000-0003-2826-0325
https://orcid.org/0000-0003-2826-0325



