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Abstract

Dvoifdk M. : Vitamin A and Total Protein Levels in the Blood Plasma
of Piglets During Their Postnatal Development. Acta vet. Brno, 55, 1986:
263-271.

A total of 559 fluorometric determinations of blood plasma vit-
aminA concentration were carried out in pigs from birth to 55
days of age. Its changes were studied in relation to body mass .
and plasma total protein level. Newborn piglets of body mass less
than 1 kg had a significantly lower level of vitamin A and a non-
-significantly higher protein level than piglets of heavier birth
body mass. After ingestion of colostrum the two parameters rose
abruptly to several times their initial values. Vitamin A then
retained its upward trend, with only occasional temporary cessa-
tion, up to the 4th week after weaning, whereas the total protein
level began to decline in the 2nd week after birth. No signifi-
cant differences were found between the heavy and light body mass
piglets after ingestion of colostrum. Analysis of the changes
in vitaminaemia during the first 14 days after weaning, which was
carried out 4 weeks after birth, showed a direct relation of the
increasing vitamin A concentration to the gains in body mass and
therefore also to feed intake. It is inferred that supplementation
of the commercial starter with 8 000 IU vitamin A per kg was satis-
factory. The results are evaluated with regard to transplacental
and colostral transfer of vitamin A. Apparently, no relation
exists between the retinol-binding protein and total protein le-
vels in piglets.

Retinol, protein, body growth, nutrition, pig.

Vitamin A requirements of sows and piglets as well as the role
of vitamin A in the intra-uterine and postnatal development of
the pig have been known in essence for a number of years (Tho -
mas et al. 1947; Braude et al. 1951; Frape et al. 1959;
Palludan 1966). Fortification of feed mixtures with vitamin A
has removed the incidence of clinical forms characteristic of its
deficiency. However, various types of exertion to which animals
are subjected, particularly under intensive husbandry practices,
may increase their vitamin A requirements so that A-hypovitamino-
sis and its diagnosis in pigs continue to pose a challenge to the
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researcher. The problem is accentuated by possible shortcomings
of feed mixtures particularly in the control of reproductive pro-
cesses and in pig rearing (R aszyk et al. 1978). Whereas vita-
min A changes in the blood plasma or serum of calves during late
intra-uterine and postnatal life have been described also in
this country (Dvo¥f4dk 1959; Surynek et al.-1976; Jagos}
et al. 1979) only few and incomplete data are available on the-
se changes in piglets (Sibbald et al. 1956; Pohlann and
Sander 1978). A recent finding is the detection of interactions
of vitamin A with other nutrients, mainly protein. 0f importance
is not only.the quantity of protein ingested (Rao et al. 1974;
Underwood et al. 1979), but also the fact that retinol is
bound to it during its blood transport (Glover and Muhilal
1976; Smi th and 6 oodman 1979). Only vitamin A absor-
bed from the . intestinal tract appears in the blood in the form
of retinyl esters until it has been almost completely cleared
from the circulation by the liver. In pigs the specific retinol-
-binding protein has the character of alpha,-globulin and, com-
pared with human retinol-binding protein, has a higher molecular
weight and has shown no evidence of affinity to prealbumin
(Huang et al. 1972). :
~The retinol-protein complex plays an important role in the de-
_velopment of foetuses and newborn animals, for it affects both
‘transplacental transport of vitamin A (Takahashi et al. 1977)
and its transfer from blood to milk (Vahlquist and Nilsson
1979). Last but not least, the level of specific transport pro-
tein in the blood of foetuses and newborn animals may play a de-
ciding role in the amount of circulating vitamin A and, conse-
quently, in securing the needs of the peripheral organs. No data
regarding this postnatal situation in pigs are available. It has
been established, however, that piglets are born with a very low
concentration of total serum protein and have less alpha globulin
at birth than during later life (Tumbleson and Kalish
1972). The present study was designed to investigate the changes
in vitamin A concentration in the blood plasma of piglets from
birth to the 4th week after weaning in relation to toal plasma pro-
tein concentration and body mass.

Materials and Methods

Large White piglets from 27 litters raised in bedded pens
in the Institute were employed. The sows were fed complete feed
mixtures. The piglets were left on the sows till weaning at 4
weeks of age. They had access to C0S 1, a commercial prestarter.
After weaning they were placed on (0S 2, a commercial starter
with 8 000 IU vitamin A per kg. No signs of clinical disease were
observed. Blood collections from the cranial vena cava and weig-
hing of the animals were carried out, with the exception of new-
born piglets, between 7 and 9 a.m. without previous food depri-
vation. ~

In the first part of our study 189 determinations of blood
plasma vitamin A and total protein concentration were performed
in newborn and suckling piglets and 100 determinations were made
in weaned piglets up to 55 days of age. The animals were divided
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into 9 age groups shown in Fig. 1. Zero day piglets were new-
born animals before ingestion of colostrum. Each age category
comprised 21 to 35 piglets which were divided according to body
mass, thus forming subgroups of light and heavy body mass animals
of 9 to 13 and 12 to 25 piglets, respectively. With the exception
of newborn animals, each piglet was examined at least tw1ce at
two different ages.

It the second part of the study 270 determinations of blood
plasma vitamin A and total protein were made in 90 piglets at
weaning and 7 and 14 days after weaning. The object was to ana-
lyse the relation of.plasma vitamin A concentration to body mass
at weaning and to gains in body mass during the post-weaning pe-
riod under study as well as the relation of increased vitamin A
and decreased total protein level to growth rate. Blopd plasma
vitamin A concentration was determined fluorometrically according
to Thompson et al. (1973) using modifications described pre-
viously (Dvo¥dk et al. 1978). Total protein concentration was
determined using Bio-La-Test kits (Lachema, Brno)..The results
are tabulated as arithmetic means + standard deviations and shown
graphically as means + standard errors. The significance of the
differences of the means was assessed by Student s t-test.

Results

Newborn piglets before ingestion of colostrum had a very low
blood plasma vitamin A concentration, which was significantly
(P<0.05) higher in the subgroup of heavy body mass piglets
(0.26+0.09 wmol/1l, 1.25+0.16 kg) than in light body mass animals
(0. 14+D 08 aumol/1l, O. 69+0 08 kg). On the other hand, there was
no significant d1fference between the two subgroups in total pro-
tein concentration (21.7+1.5 vs. 25.4+7.6 g/1). After ingestion
of colostrum the blood pTasma vitamin A concentration increased
rapldly up to 17 days of age, at which time it reached a distinct
peak in the light body mass piglets (1.11+0.21 wmol/1). During
the next month it fluctuated with no significant difference bet-
ween the subgroups, retaining its upward trend particularly in
heavy body mass animals, and did not reach its peak until the 4th
week after weaning (Fig. 1). Total protein concentration was very
low in newborn piglets, rose abruptly after ingestion of colostrum
and peaked on the é6th days after birth, reaching 61.8+6.7 and
60.2+6.3 g/1 in heavy and light body mass piglets, respectively.
Then it declined up to 7 weeks of age and rose very slightly at
the end of the observation period (Fig. 1). Except in the 2nd
week after weaning, total protein level was invariably higher in
heavy than in light body mass piglets, although the differences
between the subgroups were not significant.

In the blood plasma of the dams examined after weaning vitamin
A concentration was 0.92+0.22 wmol/l1 and total protein level was
75.9+12.7 g/1.

Although no marked changes in vitamin A level after weaning
are perceptible from the mean values presented in Fig. 1, consi-
derable differences were found in this respect between individual
litters and animals. A similar situation was found on repeated
examination of 90 piglets at weaning and 7 and 14 days after
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Fig. 2. Relation of growth
rate (expressed in terms of
body mass) to vitamin A and
total protein levels in the
blood plasma of four groups
of piglets during the first
14 days after weaning (for
explanatory notes see Results)

weaning: during this period there was a significant (P< 0.01)
decrease in total protein, but little change in vitamin A level
(1.02+0.22, 0.99+0.20 and 1.03+0.23 umol/1) and the gain in bo-

dy mass was 1.46 kg.

The relations of vitamin A and total proteln level to body mass
were studied on 35 heavy body mass piglets (8.05+1.02 kg) and
their 26 ligher littermates (5.20+1.16 kg) selected for this pur-

pose from the original sample.

The vitamin A concentration of the

heavier piglets was at first slightly higher than in their ligh-

ter littermates (1.07+0.21 vs.

0.98+0.22 wmol/1),

but decreased

by the 7th day so that the difference between the two groups
disappeared (Fig. 2, semi-closed circles). The mean gains in

body mass were relatively low:

1.40 and 1.15 kg in the heavy and

light body mass animals, respectively. However, in 28 selected
piglets with individual body mass gain of more than 2 kg (mean
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2.89 kg) a steady rise in vitamin A level was observed (Fig. 2,
closed circles). Similarly, 32 piglets selected from the sample
on the basis of a rise in vitamin A concentration by more than
0.14 umol/l gained, on average, 1.98 kg (Fig. 2, open circles).
This implies that good growth and health of the piglets, together
with high feed intake and utilization, had a favourable effect
on the circulating vitamin A level. Total protein concentration
was not involved: during the l4-day period after weaning it
decreased in all groups of piglets under study, least in those
with the poorest gains in body mass (Fig. 2,.semi-closed circles
with the left half solid).

Discussion

Circulating vitamin A level of the young depends on the maternal
organism, the main role being played by transplacental transfer
and ingestion of colostrum. The availability of vitamin A to foe-
tuses depends, among other things, on the type of placenta and
may vary from species to species. The best situation in this
respect is in man (Moore 1957). A well-established fact is
the limited possibility of transplacental transfer in cattle
(Dann 1933). In bovine foetuses aged 8 to 9 months vitamin A
concentration in the blood plasma and liver was lower more than
twice and ten times, respectively, than in the cows (Jago3
et al. 1979). The observations in pigs, summarized in an earlier
study (Dvotfédk 1967), suggest that the supply of vitamin A to
newborn piglets is relatively low, but its content in the whole
liver can be more than hundredfold increased by massive vitamin A
supplementation of pregnant sows as compared with animals on a vi-
tamin A-deficient diet. Piglets farrowed by sows receiving va-
rious levels of dietary vitamin A showed corresponding diffe-
rences in vitamin A content of the liver, but not of the blood
plasma (Pohlann and Sander 1978).

Very low A-vitaminaemia in piglets before ingestion of co-
lostrum suggests a relatively low need for vitamin A transfer
to body tissues during late intra-uterine development and, pre-
sumably, a low level of the specific protein that binds retinol
during its transport in blood. This view is substantiated by the
finding that total protein concentration was low at birth and
increased rapidly after ingestion of colostrum, reaching a peak
as early as the 6th day in piglets left on the sows. In line with
these observations is the finding of increasing plasma vitamin A
whose rise, however, was not abrupt but almost continuous. Only
in piglets of the lower growth rate, expressed in terms of body
mass gain, this rise ceased temporarily for about one month after
the 17th day. It can be concluded that a corresponding rise occur-
red in the level of the specific protein, to which retinol is
bound. It appears likely that alpha,-globulin is mainly of colo-
stral origin, later it can be synthésized in the body of the pig-
let. Qualitative changes in plasma protein during piglet devel-
opment are not yet fully understood, but some published data
(Tumbleson and Kalish 1972; Hakkarainen 1975)
support the aforementioned hypothesis. However, consideration
should also be given to the possibility that part of the vitamin A
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determined is made up of unbound retinyl esters after absorption
from the intestinal tract, particularly under conditions of high
vitamin A intake during colostral feeding.

Both the quality and quantity of colostrum ingested by indivi-
dual piglets apparently play a deciding role in the increase of
vitamin A concentration in the liver (Dvof¥ 4k 1967) and blood
plasma in the.first days after birth. Vitamin A content of co-
lostral fat is about four times that of milk in the first week
and about five times that found 'in milk in the fourth week of
lactation (Bowland et al. 1951). However, colostrum is not
ingested equally by all piglets; considerable individual variation
in colostrum intake was reported (Aumaitre and Seve 1978).
Therefore even littermates may differ in their plasma vitamin A
levels. Thus vitamin A reserves obtained during intra-uterine li-
fe presumably play only a minor role in later life of the piglets.
In light birth body mass pigs unsatisfactory vitamin A supply
during foetal life may occur as a result of non-uniform distri-
bution of the maternal and foetal blood flow in the placenta
which fat-soluble vitamins pass by way of passive diffusion
(Hill and Longo 1980).

-The results suggest that from the 2nd postnatal week onwards
vitamin A concentration in the blood plasma of pigs is no longer
related to total plasma protein concentration, which decreases
in consequence of the decreasing globulin fraction (Tumbleson
and Kalish 1972), and does not provide information at this ti-
me about the metabolism of protein (Dvotf &k 1978). The level
of the specific vitamin A-binding protein, though depending
also on protein nutrition, is in the first place specifically re-
gulated by the nutritional vitamin A status; administration of
retinol to vitamin A-deficient subjects stimulates rapid secret-
ion of this protein from the liver into the blood (Glover and
Muhilal 1976; Smith and Goodman 1979).

In an earlier study (S ibbald et al. 1956) blood plasma vi-
tamin A level of suckling piglets was found to be related to
that of their dams, being generally lower in the former. In the
present study it was, with the exception of the first postnatal
week, approximately at the same level as in the dams. In large
herds blood plasma vitamin A concentration was highest in sows
on the 23rd day after farrowing (1.26+0.23 umol/l) and decreased
slightly afterwards (Raszyk et al. 1978). There can be little
doubt that changes in A-vitaminaemia in piglets may vary accord-
ing to the vitamin value of complete feed mixtures. Further in-
crease in vitaminaemia, which was most marked in piglets with
the greatest gains in body mass and in the 3rd post-weaning week
after adaptation to the feed and with its increasing consumption,
indicates satisfactory supplementation of the starter with vita-
min A. In this respect piglets are not affected adversely by the
withdrawal of nursing in contrast to their situation as to the
provision of vitamin E. Blood plasma vitamin E levels of-suckling
piglets are similar to those of vitamin A only to about 10 days
of age and then decline, being particularly low after weaning
Dvotdk 1974). '

Hladiny vitaminu A a celkové bilkoviny v krevni plazm& b&hem
postnatidlniho vyvoje selat

Bylo provedeno 559 fluorometrickych stanoveni koncentrace vita-
minu A v krevni plazmé& selat od narozen{ do std4f{ 55 dni. Jeji zmé-



269

ny byly sledovdny ve vztahu k télesné hmotnosti a k hladin& cel-
kového proteinu v plazm&. Novorozend selata s hmotnosti mensi neZ
1 kg méla prakazné& niZs{ hladinu vitaminu A a neprikazné vy3si{
hladinu proteinu nez selata t&Z3{. Shodné& jevila pfi kolostrdlni
vyZzivé u obou parametrd rychlé nékolikangsobné zvyseni, jehoZ
trend zistal u vitaminu A zachovdn s pfipadnym pferusenim az

do 4. tydne po odstavu, kdeZto hladina celkového proteinu se jiZ
v 2. tydnu Zivota zafala sniZovat. Mezi selaty s vé&t3{f nebo mens{
télesnou hmotnost{ nebyly po pfijmu mleziva zjisté&ny prakazné
rozdily. Analyza variability zmé&n vitaminémie b&hem 14 dnu

po odstavu selat od prasnice, provéddéném 4 tydny po narozeni,
ukdzala pfimy vztah zvy3ujic{ se koncentrace vitaminu A s pfi-
ristky télesné hmotnosti a tim i s ptijmem krmiva. Bylo usouzeno
na vyhovujic{ suplementaci obchodniho starteru s 8 000 m.j. vita-
minu A v kilogramu. Vysledky jsou hodnoceny.z hlediska transpla-
centdrniho a kolostrdlniho pfenosu vitaminu A. Je diskutovéno

o vyznamu specifického proteinu, ktery védZe v krevni plazmé& reti-
nol. Se zmé&nami hladiny celkového proteinu u selat neni zfejmé

v korelaci. : :

YpOBHM . BHTAMHHa A H oBmero 6enxa B XPOBSAHOM
nnasMe B XoOe TIOCJeponoBOro pPasBHTHA CBHHOK

MpoBonunu 559 ¢nWOpHMETPHUYECKHX ONpenejieHHA KOHLUEeHTPAaUHH
BHTaMHHa A B KpPOBSIHOA MnijasMe CBHHOK CO QOHsS POXIOEHHs OO BospacTa
55 cyTox. HX H3MEHEeHHs HCCllefoBaji¥ MO OTHOMEHHI K Macce Tena H
YPOBHI0 o6mero NMpoTeuHa B MnijasMe. HoBOomoxneHHhle CBHHKH MacCO#
MeHee 1 Xr OTNHYAJHCh 3HAUHTEJbHO 60Jlee HH3KHM YPOBHEM BHTAMHHA
A H HeCymeCTBEHHO 6oJiee BHICOKMM YPOBHEM MPOTEHHA MO CpaBHEHHK
c 6oNee TsAXeJNbIMH CBHHKaMH. [I[pH MOJIOSHMBHOM IHTAHHH y OO6OMX mnapa-
METPOB AHAJIOTHYHO MNPOSIBHJOUBL O6LICTPOE, MHOI'OKpPAaTHOE YyBeJIHueHue,
TEeHOEHLHsT KOTOpPOr'o OoCTaBajach y BHTaMHHaA A 6e3 H3MEHEHHHA C BO3-
MOXHLIM NpexpameHHeM no 4 HeneJNH noclie OoTheMa, HO ypOBeHb obmero
NpoTeHHa yxXe Ha 2 Henejne XH3HH HauYHHAJN MNOHHXAThCsA. Mexny CBHHKa-
MH C 6oJNbmeR HJIH MeHbmEeA MAacCOR Teja He O6BLUIO MOCJe MHUTAHHA MO-
JJOSHBOM YCTAHOBJIEHO CYmMEeCTBEHHON pasHHUb. AHAJIH3 BapHabeIbHOCTH
H3MEHeHH! BHTAMHHEMHH B TeuyeHHe NBYX Henenb Iocjieé OTheMa CBHHOK
OT CBMHOMATKH, MNpPOBONMMHIA 4 Henenu nocne onopoca, BHABHI NpAMOe
OTHOMEHHEe MNOBhHWAKmMEeACcss XOHUEHTpPpaUHMH BHTAMHHA A C NMPHPOCTOM Beca
Tena M, TEeM CaMbiM, C pacXonoM XOpMoB. [lpemnonaraercs ynoOBJE€TBO-
PHTeNbHAsT 3aMeHa TOprosoro craprepa ¢ 8000 M en. BuTaMHHa A B 1
xunorpamme. I[lpoBoausach OLEHXKA pPes3ylbTaTOB C TOYKH 3DEHHs
TpaHCNJaueHTAapHOR M MOJIOSHBHOR nepenayd BHTaMuHa A. O6cyxnaeTrcs
3HaueHHe cneuHPuUecKoro NMpoTeHHa, CBA3HBAKMEro PEeTHHON B KpPOBA-
HOA nnasme. OH, BHUOHM, HE HAXOOHUTCSA B KOPPENSIUHH C H3MEHEHHAMH
YPOBHs ofmero nNpoTeHHa y CBHHOK.
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