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Abstract

Baranyiové Eva, A. Holub, S. Standara: Age-Dependent Changes of Amino Acid
Concentration in the Blood Plasma of Early-Weaned Piglets. Acta vet. Brmo, 59,
1990: 121 —127.

Blood plasma amino acid (AA) concentration was determined in 10 Large Whi-
te X Landrace piglets weaned on the 1st postnatal day onto a liquid diet prepared
from Selasan, a commercial milk feed mixture. Blood samples were obtained at
6,9, 14, 17, 25 and 25 d of age from the external jugular vein using catheters.

During the period under study the blood plasma concentrations of some AA,
namely serine, glycine, alanine, tyrosine and valine, showed a significant rapid
decrease and that of glutamic acid, proline and phenylalanine a non-significant
decrease, particularly between 9 and 14 d so that their contribution to total amino-
plasmia, which also decreased with age, was reduced.

The concentrations of threonine, histidine, arginine, leucine, tryptophan and
isoleucine, on the other hand, showed a significant increase during the same period,
particularly between 9 and 14 d.

No major age-dependent changes were recorded for aspartic acid, cystine and
glutamine.

These fluctuations in blood plasma concentration of the individual AA resulted
in changes of their mutual ratios. The ratio of branched to aromatic AA (Fischer’s
index), e. g., increased with advancing age from 1.27 (at 6 d) to 2.97 (at 25 to 26 d),
but even so remained relatively low.

Since the environmental rearing conditions and the feeding regimen were the
same during the whole 3-week period, the changes in the AA concentrations could
result only from internal changes occurring with advancing age in the piglets them-
selves.

Age, pig, neonatal development, liquid diet, aromatic and branched amino acids

Amino acid (AA) concentrations in the blood plasma of piglets have been studied both at the
end of intra-uterine life (JeZkov4 et al. 1974, 1977) and in the first postnatal hours and days
(Cuperlovi& 1967, Bengtsson 1971, Chavez and Bayley 1977). Consideration has also been
given to the effects of nutrition, e. g. AA composition of sows’ colostrum (Cuperlovié 1967,
Bengtsson 1972). However, data on age-dependent changes in the aminoplasmia of piglets
during their following postnatal development have been scarce (Baranyiové4 and Holub 1989).
Consequently, its interaction with various rearing practices and feeding regimens remained
undisclosed. The present study was designed to provide further information along this line.
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Materials and Methods

Ten Large White x Landrace littermate piglets (6 males and 4 females) were removed from their
clinically healthy mother, kept under conventional conditions in a large-scale production unit,
at the end of the 1st day after birth and transferred to the laboratory where they were weighed
and then reared individually in cages in a thermoneutral environment (Holub 1968; Kotrbacdek
et al. 1979).

They were fed a commercial milk diet Selasan (Jihofeské mlékirny, zdvod Jindfichiv Hradec;
ON 57 0836, 1974) sterilized by radiation (Olbrichov4 et al. 1984). They were offered the liquid
diet (1 part of Selasan per 4 parts of water) for sucking from bottles nine times a day between 6
and 22 h (Holub 1963, 1964ab, 1967; Holub and Komirek 1964; Baranyiova and Holub
1989; Holub and Baranyiové 1989).

Their blood plasma AA concentrations were measured at 6, 9, 14, 17, 25 and 26 d after birth,
invariably at 7 h in the morning. The blood samples were obtained by means of catheters (Cavafix,
Braun, GFR and Delmed I-Cath, USA) or cannulas (Chiraflex, CSFR) implanted in the external
jugular vein (Nickel et al. 1976), tunnelled under the skin and exteriorized behind the ear. The
implantations were performed aseptically at least 48 h prior to blood sampling. The catheters were
perfused with heparinized saline (10 U . ml-!) once daily.

Heparinized blood samples were centrifuged for 10 min at 12 000 g, frozen immediately after-
wards and stored at —20 °C until processing.

The AA content of the diet (Table 1) was determined after acid (Li$ka 1976, 1980) and alkaline
hydrolysis with 4 mol . 1= NaOH (Simov4 1972) on an AAA 881 analyzer; that of the blood
plasma was determined after deproteination with 5%, sulphosalicylic acid on a T 339 (Mikrotechna,
CSSR) amino acid analyzer.

The relative growth of the piglets was expressed according to Brody (1945). The significance
of the results was assessed by Student’s t-test and their variability was expressed in terms of stan~
dard errors of the means.

Results

The largest contributions to the blood plasma AA concentration of the piglets
were by glycine (12.0 to 20.9 %,) and alanine (9.1 to 13.5 9,) followed by proline,
serine, tyrosine, valine and lysine, each of which accounted for more than 5 per
cent of the AA concentration (proline, 6.9 to 10.3 %, ; serine, 7.8 to 9.8 %, ; tyrosi-
ne, 2.8 to 9.3 9, ; valine, 2.3 to 8.2 %,; and lysine 5.1 to 6.0 9,). Thus glycine and
alanine constituted as much as one third, and together with the other five AA al-
most two thirds to three quarters, of total aminoplasmia. The contributions by
the remaining AA were smaller. '

The concentrations of the individual AA changed with age, though not in the
same way. The concentrations of serine, glycine, alanine, tyrosine and valine,.

Table 1
Amino acid content of the diet
Amino acid mmol . 1-? Amino acid mmol . 17
Aspartic acid ’ 27.0 Methionine 8.0
Threonine 15.1 Isoleucine 17.5
Serine 22.1 Leucine 343
Glutamic acid 68.9 Tyrosine 11.7
Proline 32.0 Phenylalanine 14.5
Glycine 12.4 Histidine 8.8
Alanine 17.1 Tryptophan 10.1
Cystine 1.2 Lysine 22.6
Valine 22.4 Arginine 8.6
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Table 2
Concentrations of individual amino acids in the blood plasma of piglets (umol .1!) +
+ S.E.M. :
Age of pi -
Amino acid ge of piglets - days
6 | 9 | 14 | 17 | 25-26

Taurine 124 £ 18 45 1+ 4 20 + 7 90 + 19 191 + 14
Phosphoetanolamine 254+ 1 — 54 5 25 4+ 2 -

Aspartic acid 84 4 8 104 4- 11 118 + 18 103 +£ 5 84 4+ 9
Threonine 210 4 14 246 + 30 408 + 51 277 + 13 258 4 34
Serine 604 + 44 599 4 66 783 4 87 604 1 27 439 4 44
Glutamic acid ) 212 4 30 281 4 26 262 4 22 209 4 29 169 + 19
Glutamine 103 4+ 20 117 + 4 — 131 & 6 108 &+ 8
Proline 617 4 54 418 4+ 47 596 4+ 162 | 553 4 36 497 + 68
Glycine 1008 +45 1272 480 |1289 + 102 |1019 4 60 576 + 45
Alanine 809 + 102 826 + 61 772 4+ 127 640 4 42 438 + 17
Cystine 63 + 11 75 £ 11 — 90 £+ 6 84 + 29
Valine 480 + 32 400 4 46 640 4 83 579 + 51 112 4+ 22
Methionine 155 + 13 104 + 19 157 + 35 134 + 13 100 + 23
Isoleucine 221 4 14 147 + 18 297 4+ 36 229 4 30 245 + 23
Leucine 209 + 21 144 + 23 387 4 29 251 + 31 323 4 47
Tyrosine 593 4 42 322 4- 21 387 4+ 59 238 + 19 133 + 21
Phenylalanine 125 + 6 157 + 16 170 4+ 15 127 + 9 97 + 21
Ornitine 154 + 16 137 4+ 23 260 + 4 170 + 17 144 4 28
Histidine 117 + 8 150 + 10 159 4+ 1 121 4+ 8 202 4 11
Tryptophan 58 + 15 26 + 11 100 4- 25 60 4+ 9 82 4+ 29
Lysine 343 + 44 310 4 67 547 4 26 335 4 26 290 4 63
Arginine 88 + 17 129 + 14 213 4 31 119 + 8 122 + 13

e. g., were significantly lower at the end of the experiment than at its start; in the
two last-named AA the decrease was by more than three quarters, in the remaining
ones by one fifth to a half. This downward trend was most pronounced between
17 and 25 to 26 d and in the case of tyrosine also between 6 and 9 d. The concen-
trations of some other AA, namely lysine, glutamic acid, proline, methionine and
phenylalanine, also declined with age but the decrease was not significant.

Other AA, namely threonine, histidine, arginine, leucine, tryptophan and iso-
leucine, on the other hand, increased with age. Significant differences between
the initial and final concentrations were recorded only for the two first-mentioned
AA; in threonine, arginine, leucine, tryptophan and isoleucine the increase occur-
red between 9 and 14 d. The concentrations of threonine, histidine, arginine and
leucine, however, fluctuated temporarily showing a significant fall between 14 and
17 d or between 17 and 25 to 26 d.

No major age-dependent changes were recorded for the remaining two AA,
namely aspartic acid and glutamine.

These age-dependent changes also affected the mutual relations between the
individual AA and their groups. For example, the ratio of branched AA (leucine 4+
+ isoleucine + valine) to aromatic AA (phenylalanine + tyrosine) (Fischer’s
index) was 1.27 in the youngest piglets and then rose with advancing age, amoun-
ting to 2.97 at 25 to 26 d.
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Discussion

The largest contributions to aminoplasmia in newborn piglets have been ascri-
bed to alanine but also to glutamic acid, serine, valine (Cuperlovi& 1967) or
proline, lysine, leucine (Bengtsson 1971) or also to glycine and aspartic acid
(Chavez and Bayley 1977). The differences between the published data are
considerable. They can be accounted for by different sites of blood withdrawal:
v. jugularis (Cuperlovié 1967), v. umbilicalis (Bengtsson 1971), sinus orbitalis
(Chavez and Bayley 1977).

Another possible cause of the differences may be seen in various rearing and
feeding practices. At first piglets suck colostrum in which proline accounts for
almost one fifth of all AA, and leucine and also alanine, serine, glutamic acid and
glycine each account for one tenth of all AA (Bengtsson 1972) so that these
six AA make up almost three quarters of its total AA content.

After ingestion of colostrum by newborn piglets their blood plasma concentra-
tions of all AA increase (Cuperlovi 1967), after fasting for 6 to 9 h, on the other
hand, the concentrations of all of them, except isoleucine, decrease, with inter-
relationships being demonstrated between the changes in the concentrations of
individual AA; most of them were shown by threonine and leucine (Chavez
and Bayley 1977).

Affected by the developmental changes are also the levels of branched (leucine,
and valine) and aromatic (tyrosine and phenylalanine) AA, each of the two groups
in a different way so that their ratio, Fischer’s index, is shifted. As computed by
us from the available data, Fischer’s index in the plasma of newborn piglets rea-
ched 1.40 upon blood withdrawal from the vena jugularis (Cuperlovié 1967);
3.45, from the vena umbilicalis (Bengtsson 1971); and 1.69, from the orbital
sinus (Chavez and Bayley 1977). After fasting it increased to 1.55 (Cuperlovié
1967) or to 1.56 (after 6 h) and to 2.77 (after 9h) (Chavez and Bayley 1977).
In 3-day-old piglets it reached 2.92 (Bengtsson 1971).

Piglets in our experiments, however, were fed from the 1st day after birth a diet
in which| the predominant AA were glutamic acid (accounting for almost 20 %,)
and leucine and proline (each accounting for about 10 %, of all AA). These three
AA, together with aspartic acid and serine, made up more than half of the total
molar AA concentration. With advancing age the aminoplasmia increased to almoslt
three times the original level. In piglets over 20 kg in body mass, i. e. twice to three
times older than our experimental animals at the end of the experiment, the in-
crease was still higher and rose further after fasting for 24 and 36 h, amounting
to 2.68 and 3.34, respectively (Typpo et al. 1970).

The results of our experiments in piglets in the 2nd to the 4th postnatal week
are in keeping with the data reported by other investigators except Bengtsson
(1971). They are also in agreement with the data on AA levels in the plasma ob-
tained by blood withdrawal from the vena portae in 8- to 10-day-old piglets
suckled by the sows ad libitum; however, in the blood plasma obtained by blood
withdrawal from the cranial vena cava the AA concentration was about 50 9%, lo-
wer (Shimada and Zimmerman 1973).

The live body mass of the piglets increased as described previously (Baranyio-
va and Holub 1989).

Also the relative growth of the piglets was in keeping with the observations
descx;ibed in previous reports (Holub 1964ab, 1968; Baranyiova and Holub
1989).
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In the early postnatal period the hierarchy of physiological functions in piglets
undergoes a change characterized by distinct developmental periods (Holub
1968, 1988) conditioned by a number of both external and internal signals. In
consequence, changes also occur in the blood plasma concentration of AA which
are not only substrates of the metabolism but also integrative elements (Harper
1983).

In our experiments we studied the aminoplasmia in piglets subjected to a brutal
intervention — weaning — on the 1st day after birth. Thus they were separated
not only from the mother but also from one another. Afterwards the field of their
external signals did not change any further. The stereotype of rearing remained
the same. Nevertheless, their aminoplasmia did undergo a change. Therefore
its changes observed between 6 and 25 to 26 d could result only from internal
signals. These led, after an about one-week rise in aminoplasmia between 14 and
to 26 d, not only to its significant decrease (Baranyiova and Holub 1989) but
also to a shift in the ratio of individual AA.

Vékové zmény koncentrace aminokyselin v krevni plazmé u rané od-
stavenych selat

U 10 selat, kfizenct plemene bilého uslechtilého a landrace, odstavenych 1. dne
zivota na tekutou dietu pfipravovanou z mlécné krmné smési Selasan, jsme ve
véku 6, 9, 14, 17, 25 a 26 dni stanovovali z krvi ziskavané katetry z v. jugularis
externa plazmatickou koncentraci aminokyselin (AMK).

Béhem sledovaného udobi hladina nékterych AMK, serinu, glycinu, alaninu,
tyrosinu a valinu priikazné, a dal$ich, kyseliny glutamové, prolinu a fenylalaninu,
statisticky neprtikazné, rychle klesala, a to zvlast mezi 9. a 14. dnem, takZe jejich
podil na celkové, rovnéz se sniZujici aminoplazmii, se zmen$oval.

Koncentrace daliich AMK, threoninu, histidinu, argininu, leucinu, trypto-
fanu a isoleucinu, se v téze dobé naopak prikazné zvySovala, a to zvlaSté mezi
9. a 14. dnem.

U kyseliny asparigové, cystinu a glutaminu jsme vyznamné vékové zmény kon-
centrace nezaznamenali.

Toto koliséni plazmatické hladiny jednotlivich AMK vedlo ke zm&ném jejich
vzdjemného vztahu. Napfiklad, pomér vétvenych a aromatickych AMK (Fischertiv
index) se s vékem selat postupné zvySoval z 1,27 (6. d) na 2,97 (25.—26. d); i tak
viak zistaval relativné nizky.

ProtoZe vnéjsi podminky odchovu selat, tedy i nutrini reZim, ztistavaly nemén-
né, mohou byt ve sledovaném tfitydennim udobi popisované zmény koncentrace
AMK jen vysledkem vékovych promén selat samych.

BO3P80THbIe UW3MEeHeHUA KOHLeHTpauuu aMUHOKUCNOT B KPOBSIHO Nnna3me
Y NpexAeBpeMeéHHO OTNYUYeHHbLIX OT MaTKu nopocsTt

Y 10 nopocsT, nomecu 6enoi NOPOAUCTON MOPOAbI U NaHAPacC, OTNyueH-
HbIX OT MaTKW Ha NepBble CYTKW XKM3HU W NEpPEBEAEHHDbIX Ha XUAKYIO AUe-
Ty, COCTOSLYyI0 U3 MONOYHOW KopmoBoi cmecn CenacaH, B Bo3pacTe 6, 9,
14, 17, 25 n 26 cyTtok onpeaensinu U3 KpOBU MNONYUEHHOW KaTeTepamu W3
Hapym;mﬁ SPEMHOW BEHbl NNa3mMaTUUECKyl0 KOHLUEHTPauuio aMWHOKWUCNOT
(AMK).
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B xope uccneayemoro nepuopa yposeHb Hekotopbix AMK, cepuHa, raum-
UMHA, anaHWHa, TUPO3UHA W BanuWHa SBHO, APYrMX - T[NYyTaMUHOBOW KW-
CnoTbl, NPoNMHA U peHunanaHMHa CTAaTUCTUUECKW HEeBbipa3uTenbHo, Obl-
CTPO MOHMXancs, B 0CO6eHHOCTU Mexpy 9 u 14 cyTkamu, cnepoBaTenbHO,
UX Aons B o6LLei, TaKie MOHMUKAIOLWENCS aMUHOMNa3MUK MOHMUXKaNnach.

KoHueHTpauus cneaytownx AMK TpeoHWHa, rMCTUAWHA, arpUHUHA, Newn-
UuHa, TpunTocaHa U U3oneiMHa B TO e BpeMs Hao60pOT SIBHO yBENWuM-
Banacb, B ocO6eHHOCTU Mexay 9 n 14 cyTkamu.

Y acnaparMHOBOW KMCNOTbl, UUCTUHA W TFNyTaMUHA CYLIECTBEHHbIX BO3-
pacTHbIX U3MEHEHUI! He oTMeuanu.

[AaHHoe kone6GaHWe nna3MaTMUECKOro YpoBHs oTaenbHbix AMK Bbinu-
Nocb B M3MEHeHWe WX B3auMHbIX OTHolleHWW. Hanpumep, CoOOTHoweHHe
pa3BeTBNEeHHbIX M apomaTuueckux AMK (uHaekc Quwepa) c Bospactom
nopocsT nocreneHHo ysenuwumsanocb ¢ 1,27 (6 cytku) ao 2,97 (25 - 26 cyt-
KW), 04HaKO, HECMOTPS Ha 3TO, OHO OCTaBanoOCb OTHOCUTENbHO HWU3KHUM.

Tak Kak BHELWHWe YCNOBUS COAEpKaHWA MOPOCAT U, CNeAOBaTENbHO, pe-
UM NUTaHUA ocTaBanucb 6e3 U3MEHeHWiH, B UCcneAyembiii Nepuoa npo-
AONMKUTENbHOCTbIO TPEX HEeAEeNb MOryT CTaTb NMPUBOAUMbBIE pe3ynbTaTbl KOH-
ueHTpauun AMK nuiwib pesynbTaToM BO3paCTHbIX NepeMeH COOCTBEHHO NO-
pocsHr.
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