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Abstract

Baranyiova Eva: Effect of Serotonin on Food Intake by Piglets During the Early
Postnatal Period. Acta vet. Brno, 60, 1991: 127 —136.

The effect of serotonin (5-HT) on the consumption of a liquid diet was investigated
in 32 Large White X Landrace piglets from 1 to 24 d after birth in 2 experimental
series. The piglets were housed individually in cages and were offered a commercial
milk diet, Selasan, for sucking from feeding bottles 9 times a day at 2-h intervals with
an 8-h break at night.

Serotonin (5-hydroxytryptamine creatinine sulphate, Sigma) was administered
to piglets (n = 3 to 6) in 0.01 % and 0.05 % solution invariably 10 minutes before
feeding at 1, 2, 3, 5, 7, 9, 14, 18, 21, 22 and 24 d after birth in single i.p. doses of
0.05 to 1.00 mg.kg™2. Control piglets were intact (series I) or treated with saline (se-
ries II) in volumes corresponding to those of 0.05 mg.kg—* 5-HT doses.

Compared with the amount of diet consumed before and after 5-HT injection, the
dose of 0.01 mg.kg—* 5-HT reduced the food intake at 9 and 18 d by 48 % and at 21 d
by 82 %. The dose of 0.05 mg.kg—* 5-HT reduced the food intake at 3 d by 58 %,
at5d by 50 %,at 7 d by 93 %,at9dby82 %,at 18 d by 85 %,at 21 d by 94 % and at
22 d by 55 %. The dose of 0.1 mg.kg™! reduced the food intake of piglets at 1 d by
86 %, at 3 d by 94 % and at 21 d after birth by 99 %. All above-mentioned reduc-
tions in food intake were significant. The higher doses inhibited food consumption
completely in piglets aged 2, 5 and 7 d.

The results of the experiment using 16 times repeated 5-HT injection provided
unequivocal evidence that 5-HT exerts a suppressive effect on diet consumption by
piglets from 1 to 24 d after birth and that the extent of this suppression is dose-depen-
dent. Moreover, changes were also recorded in the quality of consumption, i.e. in
feeding behaviour, and after injection of the higher doses, hyperaemia of the skin
and a stimulatory effect on intestinal peristalsis were observed. ‘

It is concluded that the serotoninergic system as part of aminostatic food intake
regulation is functional already in newborn piglets.

Early-weaned piglets, feeding behaviour, food intake, regulation

Postnatal development of the functions of the.serotoninergic system has received relatively
little attention (Wilson et al. 1986; Ohi et al. 1988; Manjarréz et al. 1988; Hamon et al. 1989).
On the basis of their experiments on newborn rats Ristine and Spear (1984) suggested that sero-
tonin and acetylcholine are indispensable for the stimulation of some components of the sucking
ritual of rat pups during the early postnatal period.

Administered to adult animals by the central or peripheral routes, serotonin (5-HT) reduces
their food intake and also affects food selection and the pattern of feeding behaviour: it reduces
the rate of food consumption, which is also finished earlier, and brings about changes in intra-meal
and inter-meal intervals (Soulairacand Soulairac 1960; Blundell 1977; Pollock and Row-
land 1981; Wurtman and Wurtman 1984; Blundell 1986; Kanarek and Dushkin 1988;
Neill and Cooper 1989). Serotoninergic manipulations therefore exert a number of influences;
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in adult animals (most data have been reported for rats) it may primarily accelerate the termina-
tion of feeding rather than block its initiation. These findings have been interpreted as enhancemen
of satiation (Blundell 1986, 1988; Leibowitz and Shor-Posner 1986 ab).

Very few data are available on the action of the 5-HT system in the young of farm animals. In
piglets, peripheral administration of 5-HT precursor, tryptophan, exerts a suppressive effect on
food intake from as early as the 3rd postnatal day (Baranyiov4 1990 ab). The object of the pre-
sent study was to find whether and in which way peripherally administered serotonin influences
food consumption in piglets during the early postnatal period.

Materials and Methods

The experimental animals were 32 Large White x Landrace piglets weaned on the 1st day
after birth from their clinically healthy mothers kept under conventional conditions of a large-
-scale production unit. The piglets were then transported to the laboratory where they were weig-
hed and housed individually in cages as described previously (Holub 1964; Baranyiov4 et al.
1985; Baranyiov4d and Holub 1989).

The piglets were injected i.p. with serotonin (5-hydroxytryptamine creatinine sulphate complex,
Sigma, USA) freshly diluted with saline to the concentration of 0.05 %, (experimental series I)
and 0.01 % (experimental series II). In a preliminary experiment on 2 piglets aged 12 d the dose
of 1 mg.kg~! (Pollock and Rowland 1981) produced, besides the anorexigenic effect, instanta-
neous peripheral vasodilatation and somnolence. The anorexigenic effect of 5-HT appeared 2 to
4 minutes after 5-HT administration and continued for about 30 to 40 minutes. One-way analysis
of variance showed that the intervals of 2, 4 and 10 minutes between 5-HT administration and
the commencement of feeding had no influence on meal size. The piglets were therefore offered
the diet for sucking 10 minutes after 5-HT administration.

In experimental series I the following single doses of 5-HT were used: 1 mg.kg~! (at2d), 0.5 mg.
.kg~! and 0,05 mg.kg™? (at 5 d), 0.25 mg.kg? (at 7 d) and 0.1 mg.kg" (at 1, 3 and 21 d after
birth). Control piglets were left untreated.

In experimental series II the single 5-HT doses were.as follows: 0.05 mg.kg~! was administered
to piglets at 3, 7, 9, 14, 18, 21, 22 and 24 d, and 0.01 mg.kg~*to piglets at 7, 9, 14, 18, 21, 22 and
24 d after birth. Control piglets were injected with saline in doses corresponding in volume to
0.05 mg.kg-* 5-HT at 7, 9, 14, 18, 21 and 24 d and were intact at 22'd after birth. The experimen-
tal and control groups were alternated.

In experimental series I where the higher doses (0.25, 0 5 and 1.0 mg) of 5-HT were used a mar-
ked stimulatory effect on peristalsis was observed (the intestinal contents passed between about
15 and 20 minutes after 5-HT administration were dark and pasty and those passed up to 40 to
50 minutes after administration were dark and liquid). The doses of 0.05 and 0.01 mg.kg~* used in
experimental series II had the anorexigenic effect without influence on the gastrointestinal tract as
observed in experimental series I.

Consumption of the diet was expressed in relation to body mass. The results of the experiment
were assessed by one-way analysis of variance; Student’s t-test was used in those cases where the
depression of consumption was less than 100 %.

Results and Discussion

Intraperitoneal administration of 5-HT had a suppressive effect on the food
intake of the piglets throughout the experimental period. The consumption of
the diet by experimental piglets was reduced, compared both with their food in-
takes at the feedings preceding and following the injection and also with the food
intake by intact or saline-treated controls (Fig. 1, 2, 3 and 4; Table 1).

The higher 5-HT doses administered in experimental series I blocked food in-
take completely in piglets aged 2, 5 and 7 d receiving 1 mg . kg%, 0.5 mg . kg-* and
0.25 mg . kg1, respectively (Fig. 1 and 2). The reduction of the dose to 0.1 mg .
. kg1 produced a significant decrease in food intake on the 1st day, i.e. as soon
as 14 h after birth, and then at 3 and 21 d, with diet consumption declining to
14 %, 6 %, and 0.8 9, of the means of the preceding and following intakes.
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Fig. 1. Relative diet consumption by serotonin-injected piglets at idividual meals. Series I.
Piglets 1 to 5 d after birth. The arrows indicated the 5-HT injections.

In experimental series II where the 5-HT doses were even lower (0.05 and
0.01 mg . kg*) and the controls were sham-injected with saline, the food intake
of the experimental animals declined significantly to about 50 %,, compared with
intact controls from series I except at 14 and 24 d (Fig. 3 and 4; Table 1) and with
saline-injected controls except at 14, 18, 21 and 24 d. A marked decrease in diet
consumption was also found in comparison with the food intakes on the days
preceding and following 5-HT injection; this decrease was significant except at
14 and 24 d. The decrease in diet consumption in response to the lowest dose,
0.01 mg . kg, was significant at 9, 18 and 21 d (Table 1).

Assessment of the results by one-way analysis of variance demonstrated a signifi-
cant effect of the size of 5-HT dose on diet consumption by piglets at 3 d [F(2,10)=
=19.51; P < 0.01], 5 d [F(2,12) = 22.5; P < 0.01), 7 d [F(4,15) = 12.86;
P < 0.01], 9 d [F(3,22) = 8.95; P < 0.01), 21 d [F(4,15) = 284; P < 0.01] and
at22 d [F(2,8) = 24.1; P < 0.01], but not at 14, 18 and 24 d.

Changes were found not only in the quantity but also in the quality of food
consumption. In the youngest piglets the 2nd sucking phase was prolonged and
the 3rd phase showed a slow-down of the sucking movements. In the older ani-
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mals, up to 24 d, the 2nd phase appeared once again, delaying the beginning of
sucking; this was not only slowed down but also shortened. The only manifesta
tion of feeding behaviour in piglets receiving the higher 5-HT doses (0.25 to 1.0
mg . kg-1) was search for the nipple and massage imitation against the cage wall
with their eyes half-closed; these animals did not even mouth the nipple of the
feeding bottle and only performed massage movements near the bottle and fell
asleep. They looked as if they were only in process of learning the sucking proce-
dure.

This finding is of partlcular interest in light of the observatlons made in adult
animals. Thus according to Blundell (1986) peripheral administration of 5-HT
accelerates the termination of food intake rather than blocks its initiation. L ei-
bowitz and Shor-Posner (1986a), in their study on rats injected with 5-HT
into the nucleus paraventricularis, reported that the size of meals and the rate of
feed consumption were significantly reduced but that no changes occurred in
either the period elapsing before the initiation of food intake or the frequency of
the meals. All this suggests that although 5-HT administration exerts a suppressive
effect on food intake in both young and adult animals, different components of
their feeding behaviour are affected.

Published data on the young of mammals along this line are scarce. Ristine
and Spear (1984) tested the serotoninergic system of rats during their postnatal
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Fig. 2. Relative diet consumption by serotonin-injected piglets’ at mdlvudal meals. Series 1. Pig-
lets 5 to 21 d after birth.
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Fig. 3. Relative diet consumption by serotonin-injected piglets at individual meals. Series II.
Piglets 3 to 14 d after birth.

Food

period by subcutaneous administration of its antagonist (metergoline) and measu-
red the sucking time. This was shortened markedly at 3 to 4 d after birth, depen-
ding on the dose; this effect then gradually declined, disappearing at 24 d. Affected
were also other components of the feeding behaviour (body movements, paddling
with forelimbs, treading with hindlimbs, etc.). The authors concluded that the
5-HT system is indispensable to the initiation of sucking and that 5-HT and ace-
tylcholine are crucial factors for some components, of feeding behaviour during
the early postnatal period. Serotoninergic modulation of the behaviour of newborn
babies (soothing effect and sleep) by administration of dietary tryptophan was sug-
gested by Yogman and Zeisel (1985). Soothing effect and sleep were also ob-
served in our experimental piglets within 2 to 3 minutes of 5-HT administration.

In addition of the afore-mentioned 5-HT effects its higher doses (0.5 and 1.00
mg . kg) produced short-term hyperaemia of the skin and, in some piglets, signs
of discomfort: restlessness, vomitus (2 animals) and severe diarrhoea appearing
repeatedly, often also in sleep, for almost 1 h after 5-HT administration.

Acceleration of the motility of the small intestine of fasted conscious dogs was
also observed after i.v. infusion of 5-HT (150 to 1 200 ug . kg-'.h-1) by Pilot
et al. (1983).

Piglets given 5-HT at 0.1 mg . kg-! and in lower doses showed no signs of dis-
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Fig. 4. Relative : diet consumption by serotonin-injected piglets at mdxvxdual meals. Series II.
Piglets 18 to 24 d after birth.

~

comfort and defecated formed faeces generally within 20 to 30 minutes of 5-HT
administration. No stimulation of intestinal peristalsis at all was observed in pig-
lets given 5-HT at the rate of 0.01 mg . kg
» From comparison of the data reported by other investigators (Soulairac and
Soulairac 1960, Pollock and Rowland 1981, Kanarek and Dushkin 1989)
with our findings, considerable inter-species differences in the sensitivity to 5-HT
‘become apparent. In adult rats 5-HT administered at 3 mg . kg (Soulairac
and Soulairac 1960), 0.5 to 5 mg . kg (Pollock and Rowland 1981) or at
2 to 6 mg . kg~ (Kanarek and Dushkin 1989) produced no signs of discomfort
of the animals and no stimulatory effect on their intestinal peristalsis was des-
cribed. According to Pollock and Rowland (1981) the ED,, of serotonin for
food consumption by rats is 2 mg . kgL
- In piglets, on the other hand, 5-HT doses of 0.1, 0.25 and 1 mg . kg-! adminis-
tered during the 1st postnatal month stopped food consumption completely, the
dose of 0.05 mg . kg~ (40 times lower than the ED,, in rats) decreased it by 409,
to 94 %, depending on age and even the dose of 0.01 mg . kg~ (200 times lower
than the ED;, in rats) decreased the food intake by 19 9%, to 829, in 5 instances
out of 7 administrations.

5-HT administered to mammals peripherally does not pass through the haema-
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Table 1 L
Design of the experi ts and y of statistical assessment

A 5—-HT mg.kg™' Controls
ge
0.01 | 0.05 0.1 Intact _ Saline-treated i
1 (n=>5)c (n=10)c
c
3 (n = 4)NS (n=5)c (n = 10) b (0.1 mg)
a b b (0.05 mg)
5 (n=>5)a (n=>5)a !
a
7 (n = 3)NS n=4)c (n=25) c(oolmg) (n = 3)NS
NS c b (0.05 mg) b (0.05 mg)
9 (n=4)>b (n=9)c (n = 10) b (0.01 mg) (n = 3)NS
NS c ¢ (0.05 mg) a (0.05 mg)
14 (n = 4) NS (n = 3)NS (n = 3) NS
NS NS NS
18 n=4)> (n=3)a (n = 10) c (0.01 mg) (n = 3) NS
b b c (0.05 mg) NS
c (0.01 mg) NS.
21 n=4c (n=3)c (n=>5)c (n = 5) c(0.05 mg) (n=3) NS
a NS c c (0.1 mg) c
22 (n = 4) NS (n =3)NS (n = 3) NS (0.01 mg)
NS a b (0.05 mg)
24 (n = 4)NS (n = 3)NS (n =3)NS
NS NS : NS

Numbers of treated piglets (n), a = P < 0.05, b = P < 0.01, ¢ = P < 0.001, NS = Difference not significant

Signifiicant differences in food intake of piglets indicated by letters a, b and c as against the
feedmgs preoedmg (upper line) and following (lower line) the ones affected by serotonin aminis-
tration, and against intact and saline-treated controls. No diet was consumed by plglets treated
with 0.25, 0.5 and 1.0 mg . kg~! serotonin. .

toencephalic barrier (Oldendorf 1971) and its anore}ngemc effect is mediated
by peripheral receptors (Neill and Cooper 1989). It can be assumed that 1ts
effect in piglets is also peripheral. .

In contrast to the experiments conducted on other species, mammals (Nelll
and Cooper 1989) or birds (Baranyiova 1988, 1990), where the effects of 5-HT
were generally studied under conditions of free access to feed, the food intake of
piglets in the present study was limited to 9 meals a day during which the piglets
could consume the diet to satiety. This experimental design enabled us to assess
the short-term effect of serotonin on diet consumption in comparison, e.g., with
the action of an amino acid mixture (Baranyiova et al. 1985, 1987; Baranyiové
and Holub 1989), and 5-HT precursor, tryptophan (Baranyiova 1990ab).

The results of our experiments (16 trials) demonstrated that 5-HT exerts a de-
pressive effect on food consumption of piglets from 1 to 24 d after birth, i.e. du-
ring the suckling period as well as during the weaning period, and that 5-HT
effects are dose dependent. In addition to the suppressive effect on food intake,
changes were also observed in the behaviour of the piglets, particularly in their
feeding behaviour. Therefore the serotoninergic system which can be regarded
as part of aminostatic component of food intake regulation is functional already
in newborn piglets.

Vliv serotoninu na konzum potravy selat v raném postnatilnim ddobi
Vliv serotoninu na konzum tekuté diety byl sledovdn na 32 selatech (kfiZzencich

plemene bilé uslechtilé X landrace) od 1. do 24. dne po narozeni ve dvou pokus-
nych sériich. Selata byla odchovéivana individudlné v klecich a k sni jim byla na-
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bizena dieta Selasan 9x denné ve dvouhodinovych intervalech s 8hodinovou
no¢ni pfestavkou.

~Serotonin (5-HT, 5-hydroxytryptamine creatinine sulphate, Sigma, USA)
v 0,01 a 0,05 9%, roztoku byl selatim (n = 3 az 6) jednordzové i.p. aplikovin vzdy
10 min pfed krmenim,atov 1,2, 3,,5.,7.,9., 14., 18., 21., 22. a 24. dne v div-
kach od 0,01 do 1,0 mg . kg-*. Selata kontrolni byla intaktni (1. série) anebo o$etie-
na fyziologickym roztokem (2. série). '

Ve srovndni s mnozstvim diety zkonzumované pfed a po aplikaci 5-HT v ddvce
0,01 mg . kg~ konzum diety selat byl sniZen 9. a 18. dne 0 40 9, a 21. dne o 82 9.
Déavkou 0,05 mg . kg~ byl konzum sniZen 3. dne o 58 %,, 5. dne o 50 %,, 7. dne
093 %, 9. dne o 82 9, 18. dne o 85 %,,21. dne o0 94 %,,22. dne 055 9,. Davkou
0,1 mg . kg-! byl konzum sniZen 1. dne o 86 %,, 3. dne o 94 9, a 21. dne 0 99 9.
Vsechny uvedené zmény byly statisticky vyznamné. Vys$i davky u selat 2, 5 a 7den-
nich konzum diety zcela inhibovaly. '

Vysledky pokusu s 16krit opakovanou aplikaci jednoznaCné prokdzaly, Ze
5-HT puisobi na konzum diety depresivné od 1. do 24. dne a Ze hloubka této de-
prese je zavisld na divce 5-HT. Vedle depresivniho G€inku na velikost konzumu
byly zaznameniny i zmény v jeho kvalité, tj. zmény v nutricnim chovani selat, -
pfi vyssich davkich 5-HT i prokrevni kiize a stimulacni vliv na enteralni motoriku.
Lze tedy vyvozovat, Ze serotoninergni systém, jako soucast aminostatického fizeni
pfijmu potravy, je funk¢ni jiZ u novorozenych selat.

BnusHue COpPOTOHWHA Ha NoTpeGneHWe NUILM NOPOCAT B paHHui
- mocTHaTanbHblii nepuoj

"MpoBoannn nccneposBaHWs BNUSIHUA CEPOTOHUHA Ha NoTpebneHWe Xua-
Ko auetbl y 32 nopocar (nomecb Genoit NOPOAUCTOW NOPOAB U NaHapac)
€ 1 no 24 cytku nocne poXAEeHWUs B ABYX OMNbITHbIX cepusx. MopocaT Bbi-
pawuBanu B KneTkax, nogaBanu auetnueckyio nuwly CenacaH 9 pas B AeHb
C ABYXUaCOBbIMW HWUTEpBanamMm ¥ BOCbMWUACOBbIM HOUHbIM NEPEpPbIBOM.

CepoToHUH (5-OKCUTpUNTaMUH KpeaTMHUH cynbcat, Curma, CLUA,
5-HT) posoii 0,01 n 0,05 % pactsopa nopocsitam (n = 3 - 6) ogHOKpaTHO
VWHTpanepuToHeanbHo BBOAUNW Bceraa 3a 10 MUHYT A0 KOpMNEHUs, a UMEH-
HoHa 1,2, 3,5,7,9, 14, 18, 21, 22, 24 cyTku ao3amu ot 0,05 ao 1,00 mr.kr-1.
KoHTponbHble nopocsta 6binu UHTaKTHble (1 cepusa) uan nonyyanu cwu-
3uonoruueckuin pacteop (2 cepus).

Mo cpaBHEHUIO C KONMUECTBOM AUEeTbl, NoTpebnsemoil nepes WU nocne
saun 5-HT 0,01 mr.kr-l 5-HT noTtpe6neHne AWETbl MOPOCATAMM YMEHbLUU-
nocb Ha 9 u 18 cytkn Ha 48 % u 21 cytku Ha 82 %. [Aosoii 0,05 mr.kr-l
5-HT norpe6neHue cokpatunocb Ha 3 cyTku Ha 58 %, Ha 50 %0, 7 cyTku Ha
93 %, 9 cytku Ha 82 %, 18 cyTku na 85 %, 21 cytku Ha 94 9%, 22 cyTku
Ha 55 0. Aosoit 0,1 mr.kr-l 5-HT noTpe6neHue AMETbI COKPaATUNOCbL Ha
1 cytku Ha 86 %, 3 cytku Ha 94 % u 21 cyTkn Ha 99 %. Bonee Bbicokue
AO03bl y NopocsT B Bo3pacTe 2,5 u 7 cytok norpe6neHue aueTbl NONHOCTbIO
NpUTOPMO3UNU.

PesynbtaTtbl skcnepumeHTa ¢ 16 pa3 nosTopseMbiM NPUMEHEHUEM SBHO
BbisiBMAKN, uto 5-HT okasbiBaeT aenpeccuBHOe BO3AeiCTBUE Ha notpebne-
Hue aueTbl ¢ 1 No 24 cyTkn U rny6uHa pgenpeccuu NOTpe6bneHus aueTbl 3a-
BUCUT OT NojaBaemoi Ao03bl. Hapsiay ¢ AenpecCUBHbIM BO3AEHCTBMEM Ha
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MHTEHCHBHOCTb' NOTPe6GneHUs OTMeuanucb Take U3MeHeHUs KauecTBa No-
TpebneHus, T. €. UBMEHEHWsS B NOBEAEHWU NOPOCAT NPU KOPMAEHUW, NpH
6onee BHICOKUX A03aX TAKKE W3MEHEHUS B KPOBOCHAGKEHUM KOXWU U CTH-
Mynupyiollee BAUSHWE Ha 3HTepanbHylo MoTopuky. CnepoBarenbHo, cepo-
TOHepruueckas CUCTeMa B KauecTBe COCTaBHOW 4aCTW aMWUHOCTaTUUECKOro
perynupoBaHus NpuemMa NULLK AEHCTBYET yX€ Y HOBOPOX/AEHHbIX NOPOCHT.
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