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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-l. Control piglets were intact (series I) or treated with saline (se
ries II) in volumes corresponding to those of 0.05 mg.kg-l 5-HT doses. 

Compared with the amount of diet consumed before and after 5-HT injection, the 
dose of 0.01 mg.kg-15-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-l 5-HT reduced the food intake at 3 d by 58 %, 
at5 d by 50 %,at7 d by 93 %,at9 d by 82 %,at 18 d by 85 %,at21 d by 94 % and at 
22 d by 55 %. The dose of 0.1 mg.kg~l 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 aI. 1986; Ohi et aI. 1988; Manjarrez et a1. 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 (Soulairac and 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 offeeding rather than block its initiation. These findings have been interpreted as enhancemen( 
ofsatiatioil (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 (Baranyiova 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; Baranyiova et a1. 
1985; Baranyiova 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-1 (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 of5-HTwere used: 1 mg.kg-l (at2d),0.5mg . 
. kg-l and 0,05mg.kg-l (at 5 d), 0.25 mg. kg-l (at 7 d) and 0.1 mg.kg-1 (at 1, 3 and 21 dafter 
birth). Control piglets were left untreated. 

In experimental series II the single 5-HT doses were"as follows: 0.05 mg.kg-1 was administered 
to piglets at 3, 7, 9, 14,,18,21,22 and 24 d, and 0.01 mg.kg:-l'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-l 5-HT at 7, 9, 14, 18,21 and 24 d and were intact at 22d after birth. The experimen
tal and control groups were alternated. 

In experimental series r 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-l 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-I, 0.5 mg . kg-I and 
0.25 mg . kg-I, respectively (Fig. 1 and 2). The reduction of the dose to 0.1 mg . 
. kg-I produced a significant decrease in food intake on the Ist 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 % 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-I) 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 24d (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-I, 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 of5-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 
at 22 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 behavipur in piglets receiving the higher 5-HT doses (0.25 to 1.00 
mg. kg-I) 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 particular interest in light of the observations 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. Lei
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 ~erts a suppressive 
effect on food intake in both young and adult animals, dift"erent 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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lets 5 to 21 d after birth. ,i ' 
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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. 

period by subcutaneous administration of its antagonist (metergoline) and measu
red the sucking time. This was shortened markedly at 3 to 4 dafter birth3 depen
ding on the dose; this effect then gradually declined3 disappearing at 24 d. Affected 
were also other components of the feeding behaviour (body movements3 paddling 
with forelimbs3 treading with hindlimbs3 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-l) produced short-term hyperaemia of the skin and3 in some piglets3 signs 
of discomfort: restlessness3 vomitus (2 animals) and severe diarrhoea appearing 
repeatedlY3 often also in sleep3 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 f-lg . kg-I. h-1) by Pilot 
et al. (1983). 

Piglets given 5-HT at 0.1 mg. kg-1 and in lower doses showed no signs of dis-

( 
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Fig, 4. Relative. diet . consumption by serotonin-injected piglets at individual meals. Series II. 
Piglets 18 to 24 d after birth. " 

amUortand 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-l. . 
:'!. From comparison of the data reported by other investigators (Soulairac and 
Soulairac 1960, Pollock and Rowland 1981, Kanarek and Dushkin 1989) 
withourfuidings, considerable inter-species differences in the sensitivity to 5-HT 
~mei apparent. IIi adult fats 5-HT administered at 3 mg . kg-l (Soulairac 
.and Soulairac 1960), 0.5 to 5 mg. kg-l. (Pollock and Rowland 1981) or at 
2to 6 mg . kg-1(Kanarek and Dushkin 1989) produced no signs of discomfort 
of the animals . and no stimulatory effect on their intestinal peristalsis. was des
<tribed. According .to Pollock and Rowland (1981) the EDso of serotonin for 
\food consUlllption by rats is 2 mg . kg'-l. 
:: In piglets, on the other hand, 5-HT doses of 0.1, 0.25 and 1 mg. kg-I adminis-

1lered during the 1st postnatal morith stopped food consumption completely, the 
dose of 0.05 mg. kg-l (40 times lower than the ED50 in rats) decreased it by4O% 
to 94 % depending on age and even the dose of 0.01 mg . kg-l (200 times lower 
than the EDso in rats) decreased the food intake by 19 % to 82% in 5 instances 
out of 7 administrations . 
.. ·5-HT administered to mammals peripherally does not pass through the haema-

( 



133 

Table 1 . ! 

DesIp 01 the experlm_ta aDd aumlDll1')' ol.tadsdcal ...... m_t 
; j'; 

Controb I S-HT mg. kg-' I 
Age --O·.-Ol---.'--O.OS--"--O.-l-I'----In-ta-c:t---"--SaIiD-.-e--trea-ted-, ----..;., 

1 

3 

5 

7 

9 

14 

18 

21 

22 

24 

(n = 3)NS 
NS 

(n = 4)b 
NS 

(n = 4)NS 
NS 

(n = 4)b 
b 

(n = 4)c 
8 

(n = 4)NS 
NS 

(n = 4)NS 
NS 

(n = 4)NS 
a 

(n=5)a 
a 

(n = 4)c 
c 

(n = 9)c 
c 

(n = 3)NS 
NS 

(n= 3). 
b 

(n = 3) c 
NS 

(n = 3)NS 
8 

(n = 3)NS 
NS 

(n = 5) c 
c 

(n = 5) c 
b 

(n = 5) c 
c 

(n = 10)c 

(n = 10) b (0.1 mg) 
b (0.05 mg) 

(n = 5) 8 

(n = 5) c (0.01 mg) 
b (0.05 mg) 

(n = 10) b (0.01 mg) 
c(O.OSmg) 

(n = 10) c (0.01 mg) 
c (O.OSmg) 
c (0.01 mg) 

(n = 5) c (O.OS mg) 
c (0.1 mg) 

(n = 3) NS (0.01 mg) 
b (O.OS mg) 

(n = 3)NS 
b(O.OSmg) 

(n-3)NS 
8 (O.OSmg) 

(n = 3)NS 
NS 

(n = 3)NS 
NS 

. NS. 
(n = 3) NS 

c 

(n= 3)NS 
NS 

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

Signifiicant differences in food intake of piglets indicated by letters a, b and c as against the 
feedings prec:<:ding (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 piglets treated 
with 0.25',0.5 IIJld 1.0 mg . kg:-l serotonin. 

toencephalic barrier (Oldendor~f 1971) and its ano~exigenic effect is mediated 
by peripheral receptors (Neill and Cooper, 1989). It can be assUll;led that its 
effect in piglets is also peripheral. . " J , ; 

In contrast t9 the experiments conducted, on other species" mammals (N eiU 
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 adayduringwhich 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; Baranyiova 
and Holub 1989), and 5-HT pre<:ursor,tryptophan (Baranyiova 1990ab). 

The results of our experiments (16 trials) demonstrated that 5-liT 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. 

V1iv serotoninu na konzum potravy selat v ranem postnata1nim udobl 

Vliv serotoninu na konzum tekute diety byl sledovan na 32 selatech (kfiZencich 
plemene bUe uslechtile x landrace) od 1. do 24. dne po narozeni ve dvou pokus
nych senich. Selata byla odchovavana individuaIn! v klecich a k sam jim byla na-
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bizena dieta Selasan 9 x denne ve dvouhodinovYch intervalech s 8hodinovou 
nocnf pfestavkou. 

Serotonin (5-HT~ 5-hydroxytryptamine creatinine sulphate~ Sigma~ USA) 
v 0~01 a 0~05 % roztoku byl selattim (n = 3 az 6) jednorazove i.p. aplikovan vzdy 
10 min pfed krmenfm~ a to v 1.~ 2.~ 3.~ 5.~ 7.~ 9.~ 14.~ 18.~ 21.~ 22. a 24. dne v dav
kach od 0~01 do 1~0 mg. kg-I. Selata kontrolnf byla intaktnf (1. serie) anebo osetfe
na fyziologickjrn roztokem (2. serie). 

Ve srovnani s mnozstvim diety zkonzumovane pfed a po aplikaci 5-HT v dlivce 
O~Ol mg. kg-I konzum diety selat byl sruzen 9. a 18. dne 0 40 % a 21. dne 0 82 %. 
Davkou 0~05 mg. kg-I byl konzum sruzen 3. dne 0 58 %~ 5. dne 0 50 %~ 7. dne 
o 93 %~ 9. dne 0 82 %~ 18. dne 0 85 %~ 21. dne 0 94 %~ 22. dne 055 %. Davkou 
O~I mg. kg-1 byl konzum sruzen 1. dne 0 86 %~ 3. dne 0 94 % a 21. dne 0 99 %. 
Vsechny uvedene zmeny byly statisticky vYznamne. Vyssi davky u selat 2~ 5 a 7den
nfch konzum diety zcela inhibovaly. 

Vysledky pokusu s 16krat opakovanou aplikaci jednoznacne prokazaly~ ze 
5-HT pusobi na konzum diety depresivne od 1. do 24. dne a ze hloubka teto de
prese je zavisla na dlivce 5 ... HT. Vedle depresivnfho ucinku na velikost konzumu 
byly zaznamenany i zmeny v jeho kvalite~ tj. zmeny v nutricnfm chovanf selat~ 
pfi vyssich dliVDCh 5-HT i prokrevni kuze a stimulacni vliv na enterlilnf motoriku. 
Lze tedy vyvozovat~ ze serotoninergni system~ jako soucast aminostatickeho fizenf 
pfijmu potravy~ je funkcni jiz u novorozenych selat. 

BnMHHMe cepoToHMH8 H8 nOTpeoneHMe nM~M nopOCHT B P8HHMM 
nOCTH8T8nbHbiM nepMO,q 

npoBOAHnH HccneAOBaHH~ BnH~HH~ cepoToHHHa Ha nOTpe6neHHe mHA
KOH AHeTbl y 32 nopoc~T (noMecb oenoH nopoAHcTOH nopOAbl H naHApac) 
(: 1 no 24 CyTKH nocne pomAeHH~ B AByX OnblTHblX cepH~x. nOpOC~T Bbl
palllHBanH B KneTKax, nOAaBanH AHeTH4ecKYlO nH~y CenacaH 9 pa3 B AeHb 
C AByx4acoBblMH HHTepBanaMH H BOCbMH4aCOBbiM H04HbiM nepepblBoM. 

CepoToHHH (5-0KcHTpHnTaMHH KpeaTHHHH cynbct>aT, CHrMa, CWA, 
5-HT) A030H 0,01 M 0,05 % pacTBopa nopoc~TaM (n = 3 - 6) oAHoKpaTHo 
HHTpanepHToHeanbHo BBOAHnH BcerAa 3a 10 MHHyT .0.0 KopMneHH~, a HMeH
HO Ha 1, 2, 3, 5, 7, 9, 14, 18, 21, 22, 24 CYTKH A03aMIo1 OT 0,05.0.01,00 Mr.Kr-l. 
KOHTponbHble nopoc~Ta oblnlo1 HHTaKTHble (1 cepH~) Hnlo1 nonY4anlo1 ct>H-
31010norH4ecKIo1H pacTBop (2 cepH~). 

no cpaBHeHHIO C KonH4eCTBOM AHeTbI, nOTpeon~eMoH nepeA H nocne 
.o.a4101 5-HT 0,01 Mr.Kr-l 5-HT nOTpeoneHlo1e Alo1eTbl nopoc~TaMIo1 YMeHbwlo1-
nOCb Ha 9 H 18 CyTKH Ha 48 % H 21 CyTKH Ha 82 %. ,lJ,030H 0,05 Mr.Kr-l 
5-HT nOTpe6neHHe cOKpaTHnocb Ha 3 CyTKH Ha 58'%, Ha 50 %,7 CYTKIo1 Ha 
93 %, 9 CyTKH Ha 82 %, 18 CYTKIo1 Ha 85 %, 21 CyTKH Ha 94 %, 22 CYTKIo1 
Ha 55 %. ,lJ,030H 0,1 Mr.Kr-l 5-HT nOTpe6neHIo1e AHeTbl cOKpaTlo1nocb Ha 
1 CyTKH Ha 86 %, 3 CyTKH Ha 94 % H 21 CyTKH Ha 99 %. 60nee BblCOKHe 
A03bl y nopoc~T B B03pacTe 2,5 H 7 CYTOK nOTpeoneHHe Alo1eTbl nonHOCTblO 
npHTopM03Hnlo1. 

Pe3ynbTaTbi 3KcnepHMeHTa C 16 pa3 nOBTop~eMbiM npHMeHeHHeM ~BHO 
Bbl~Blo1nlo1, 4TO 5-HT OKa3blBaeT AenpeccHBHoe B03AeHcTBHe Ha nOTpeone
Hlo1e AHeTbl C 1 no 24 CyTKH H rny6HHa AenpeccHH nOTpe6neHH~ Alo1eTbl 3a
BIo1CHT OT nOAaBaeMoH A03bl. Hap~AY C Aenpecclo1BHblM B03AeHcTBHeM Ha 



135 

I1HTeHCHBHOOTb nt)Tpe6n~HI1S1 OTMe4anl1Cb TaK>Ke 113MeHeHI1S1 Ka4eCTBa no

Tpe6neHI1S1., T. e. 143MeHeHHS!. B nOBeAeHHH nopOCSIT npH KOpMneHJ.1I1, npl1 
60nee I;\blCOKHX AOgaX TaK>Ke 1131'deHeHHSI B KpOBOCHa6>KeHHI1 KO>K11 H CTI1-

Mynl1pylOLlIee BnHSlHl1e Ha 3HTepanbHYlO MOTOpI1Ky. CneAOBaTenbHO, cepo

TOHeprH4eCKaH CI1CTeMa B Ka4eCTBe COCTaBHOH 4aCTI1 aMI1HOCTaTH4eCKoro 

perynHpoBaHI1l1 npl1eMa nHLlIH AeHcTByeT Y>Ke y HOBOp0>KAeHHbIX nopOCSIT. 
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