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Abstract 

Pli_1s1n11 uery 1ml' density lipo11rotcins (VLDL) of gilts were se1111r11tcd i11to two subfractions according to thl'ir 
11ff1111t11 for liel'arin. The proportion of VU)[. present 11, s11h(raction 2 (i,igher affi11ity for hepari11 / rnried, according 
f,, //1,· sn1c/1, /111,· of th,· 111,1;,, kt<1·,·,·n {l-21 and 11·7°8 111 ,•1rgi11 s,i/1,. T/i,· 1•1,111ortio11, were r<'iaft'd to t/1c ,•ariati" 11 in 
J1is,ld .,11n•1,•11l 111 the s,1111c 11111c x,·nct1c lines /1y II q11adra/1c ,·q11at1,111, ,l'i1ic/1 predicted that greala than 91/';;, 
s11n'.irn/ to weaning il'l1S to be .f1J/lnd in piglets born to gilts luwing bcta•een about 0·3 and 0·7 of thl'ir VLDL as 
s11bfrncti011 2. This observation suggests a simple 111cas11re11H'11t that could be used in the selection of sows for a 
/Jrccd111g progra111111c. The proportion of suhfraction 2 fell throughout pregnancy in each of three genetic lines 
measured_ and 011ly returned to pre-prl'gna11t rnlues after weaning: these changes did not correlate with the changes 
111 the l1p1d compos1t1011 of plasma VLOL ml'llsured during pregnancy and lactation. The findings suggest a role for 
the VLOL suhfractions in controlling the nutrition of tin' neonatal pig. 
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Introduction 
Very low density lipoproteins (VLDL) form one of 
the two classes of plasma lipoprotein responsible for 
the majority of the transport of triacylglycerol 
between tissues by the blood system of mammals. In 
animals given a diet high in carbohydrate and low in 
fat, the role of the diet-derived chylomicrons is 
reduced and VLDL are the major triacylglycerol-rich 
lipoproteins. Their role is to transport newly 
synthesized triacylglycerol from the liver to tissues, 
principally adipose tissue, cardiac muscle, lung and 
lactating mammary gland, which either store 
triacylglycerol or use it as a source of energy or of 
intermediates for further synthesis (Fielding and 
Fielding, 1991 ). 

The role of VLDL in supplying triacylglycerol for 
milk production presumably has greater significance 
in a species such as the pig, which is born with very 
low reserves of body fat (typically only 10 to 20 g/kg 
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of the neonatal carcass is fat, compared with about 
160 g/kg in humans (Pettigrew, 1981; Gurr, 1988)) 
but receives milk with a high fat content compared 
with many other terrestrial mammals (70 to 90 g/kg 
compared with about 40 g/kg in human milk) 
(Ribadeau-Dumas, 1983; Gurr, 1988). It can be 
concluded that the high content of fat in the milk 
(and hence the correspondingly high rates of 
precursor uptake and of milk-fat biosynthesis by the 
mammary gland of the sow) is critical to the survival 
of the neonatal pig, which has no other reserves of 
energy. Mortality in neonatal pigs is indeed high (see, 
for example, English and Wilkinson, 1982) and, while 
the problem clearly results from a combination of 
different causes (English and Morrison, 1984), the 
supply of energy-rich nutrients in the milk may be a 
contributory factor (Boyd, Moser, Peo and 
Cunninghar.1 1978; Pettigrew, 1981; Moser, 1983). 

Several laboratories have shown that VLDL from rat 
and human plasma can be separated into at least two 
subfractions by chromatography on heparin-agarose 
(Shelburne and Quarfordt, 1977; Trezzi, Calvi, Roma 
and Catapano, 1983; Huff and Telford, 1984; Herrera, 
Gomez-Coronado and Lasunci6n, 1987; Evans, Huff 
and Wolfe, 1989; Fielding, Ishikawa and Fielding, 
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l'IH'll. Tlw ..,,.,•,1r.1lio11 d,•1•,·11d,-, upon lhl' ,1fli11itv ot 
ti\\' ,1popn1lt•111 n11l\}'llll1•11ts ol tlw VI .DI. IPr tlw 
11q.\,1tiV1•ly d1,111g,·d l\\'11,1ri11. It h,1;. b1°<'11 ,.Jiow11 th,11 
thl' liindlllg d,'f'<'illls upon tlw prl';.1•1K1' of tlw 
po...,itivl'iv d1,1rg,·d .1polipllpnitl'i11 t•: (,1po-U ,111d not 
upPn ,111olipPpn11l'in II (,1po-Bl (Fit·lding cl 11/., 11/H'I). 
l)lffl'rl'llt 1111111bcr.., ot ,1po-1: molt-nil,•.,. p1•r VI .I )I. 
p,1rtidl', th1•rd,1r,•, r,·sult in ditf,•n•11t ,1ffi11itil's for 
lwp,iri11, thu-. 1•11,1bli11g thl' sq>,1r,1tion. It h,1s lw,•n 
shown th,1t tlw ll',lSl rl'l,1r,h•d fr,ll'tion of both r,1t ,111d 
hum,111 VI .DI. (h,l\'ing till' lowl'sl ronh•nt of ,1po-l-:l 
,1lso h,1s tlw higlwst rl'l,1tivl' l'll_llll'nl of tri;icylglyn•rol 
(Slwlhunw ,rnd ()u,Hfordt, 1477; Trl'zzi I'/ al., 111/{1). 

I ll'rrl'r.i cl 11/. ( I lJ87) h,n·,· shown that thl' mon· 
rl'l,1rdt'd subfr,Ktion of VLDL is tlw m,1jor 
suhfr,iclion in virgin ft•m,1!1• rats hut that, by tlw 2llth 
d,w of prl'gn,11Kv (thl' dav lwfon• p;irturition), it had 
.1l111P'-l di-,,1pp,-.1n·d Ill t,1,·0111· of llw ft'-,., rl'l,1rd,·d 
,td1tr.ict11,11. l lnl' 111kq1 rd,1t1011 i,-, th.it thl' d1,1ng,•, 
.in• an ,1d,1pt,1ti,111 lll'Cl'ssary as a prep;iration !or 
l,ictation. The purpose of thl' work report,•d hen•in 
was to undertake a similar analysis of VLDL 
subfractions in pre-pregnant, pregnant and lactating 
pigs where it is likely that the delivery of VLDL­
triacylglycerol to the mammary gland is especi;illy 
important. The hypothesis was tested further by 
comparing different genetic lines of pigs which have 
established different rates of survival for their 
piglets. 

Material and methods 
Material 
Kits for the determination of lipoprotein composition 
were obtained from Sigma Chemical Companv Ltd, 
Poole, Dorset (protein determination, procedure no. 
P5656), Biomen Ltd, Crovdon, Surrev (total 
cholesterol and triacylglycerol) and the Boehringer 
Corporation (London), Lewes, East Sussex (free 
cholesterol and phospholipid). Heparin-agarose 
(heparin-Sepharose CL-6B) was obtained from 
Pharmacia Biosvstems Ltd, Milton Kevnes, 
Buckinghamshire.' Single-draw vacutainer needles 
(50 mm X l·l mm) and vacutainers (7 ml, containing 
freeze-dried ethvlene diamine tetra acetic acid 
(EDT A)-Na., were obtained from Becton Dickenson 
Vacutainer • Systems, Rutherford, New York. All 
other reagents were of analytical grade. 

Animals 
The Land race sows and gilts used were derived from 
the seventh generation of a selection experiment 
being undertaken at Wye College, Universitv of 
London and The Institute of Animal Physiology and 
Genetics, Edinburgh Research Station, Roslin. The 
eight genetic lines and the unselected 'control' pigs 
were described by Webb and Curran (1986). Animals 

w,·n· l,1sll•d ov,·rnighl .ind bl,·d prwr lo till' morning 
kl'd. Bhiod ..,,1111plt·.., Wl'f'l' n,lh·ckd Imm tlw JUgul,ir 
v,•i11, ,is dl'snilwd hy Muirhl'.id (llJHI), d1n·dly i11l\l 
\',t<"t1l,1i1wrs. l'igll'l s11n·iv,1l r.ih' tigun•s w,•n• h,lsl'd 
on pigkts born ,lli\'l' ,ind s11rv1vi11g to w,•,ming ,it 
.ibout .1:-i d,1ys ,1ft1•r birth. 

/'1,'J'tllll//()1/ of VI.I)/. 
Thl' colkd1•d blood w,1s tr,rn..,fl-rr,•d to tl'nlnlug,• 
t11b1•s ,111d pl,1sma prq1,1rl'd bv Cl'ntrifuging tlw hlu,1d 
,11 H:'i0 g ior ]0 min. Thl' st1pl'rn,1t,1nt pJ,1..,ma w,1s 
tr,rnsferr,•d to ultrac,•ntrifug,· tubl's whl're ... ufficient 
0· l HLJ 11101/1 N,1Cl, 1 11111101/1 EDT /\-N,1:- to give a tot,11 
voluml' of 20 ml w.is c.1rl'tullv l,iyerl'd ovl'r the 
pl,1s111.1. Tlw tubl's \Vere c,•ntriftiged ·.11 ]()() 000 g ior 
18 h at 1() C. VLDL w,•n' rnll,·dcd as the cloudy 
tr,rnslucl'nt layl'r, with .i dl'nsity of < 1 ·ll06 g/ cm\ 
flo,1ting ,1t till' top of the tubl'. Tlw colll'cted VLDL 
I\ ,-r,· dilutl'd with turthl'r il I S'inwl 'I '\:,1( 'I, i m111,1I ii 
I l)J,\-:\.,1, lu ,1 li11.1l \,>lu111c· ,,t .::'il ml ,rnd ;-,ul-•11.·,"tvd t,, 
,1 rqw,1t pf thl' Cl'nlrifug,1tion step. The resulting 
w.ishl'd VLDL wt•re dialysl'd, prior to fr,ictionation, 
ag.iinst at least 100 volume!-, of 50 mmol/1 N,1Cl, 
5 mmol/1 Tris buffer (pH 7-4) with four changes of 
medium over a period of more than 8 h. This 
procedure had previously been shown to rl'duce the 
conductivity of the VLDL solution to less than that of 
60 mmol/1 NaCl solution. 

S11b(ractio1111tio11 of VLDL 
VLDL were subfractionated according to their affinity 
for heparin on a column of heparin-agarose using a 
modification of the method of Trezzi ct al. (1983). A 
column containing 6 ml heparin-agarose was 
prepared according to the manufacturer's instructions 
and equilibrated in 50 mmol/1 NaCl, S mmol/1 Tris, 
0-02% (w /v) NaN 3, 25 mmol/1 MnCl2, pH 7-4. 
Dialysed VLDL solutions were adjusted to 25 mmol/1 
MnC12 and samples containing 0-2 mg to 0·5 mg 
protein were loaded onto the column followed by 
5 ml of the loading buffer. The column was eluted 
\,·ith 200 mmol/1 NaCl, 5 mmol/1 Tris, 0·02<;, (w/vl 
;'-.;a'.\/3, pH 7-4 until a first protein peak (as judged by 
the absorption at 280 nm) had emerged. The column 
was then eluted with a continuous linear gradient 
made from 15 ml of the above 200 mmol/1 NaCl 
buffer and 15 ml of l ·5 mol/1 NaCl, 5 mmol/1 Tris, 
0·02','t (w /v) NaN 3. The relative sizes of subfractions 
were assessed by integrating the recorder trace 
obtained by monitoring the ,1~sorbance of the eluant 
at 280 nm using a Pharmacia UV-1 absorbance 
monitor (Pharmacia Biotech Ltd, St Albans, 
Hertfordshire). 

Analysis of VLDL composition 
VLDL protein, triacylglycerol, phospholipid, total 
and free cholesterol were determined using the 
appropriate kits and essentially following the 
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111,muf.idurl'r< in.,lrudions, c,cept lh,1I Lill' lot.ii 
assily volumes wert• redun·d in proportion 
consistent with the use of ii self-masking micro­
cuvl'tte for i!bsorbilnce measurement. An appropriate 
standard curve was prepared on every occasion. All 
determinations of VLDL samples were performed in 
triplicate. 

Results 
The data presented in Table 1 summarize the 
survival of piglets produced by the different genetic 
lines in generation 7 of the selection experiment. 
Clear differences between the proportions of piglets 
surviving to weaning were recorded, with the 
highest survival rate being 97% for the LGAH line 
and the lowest being 82% for the VFIH line (results 
of a x2-test using a 9 X 2 contingency table, x2 = 
41-56, P < 0-001). Similar differences were observed 
for the cumulative data (generations 1 to 7) with 
LFAL showing the highest survival at 93% and VFIH 
being the lowest at 84% (contingency table, x2 = 
88·39, P < 0-001). Analysis of variance of the survival 
data for generation 7 on a litter by litter basis also 
showed significant differences between the lines 
(P < 0-001). 

Analysis of the composition of VLDL obtained from 
sows throughout their first pregnancy and lactation 
revealed an increase in all the lipid components 
measured (expressed per ml of plasma) in the 5 
weeks prior to farrowing, reducing to the values 
obtained prior to pregnancy by 1 week after 
farrowing (Figure 1). In contrast VLDL-protein 
varied little during the period measured except for a 
large increase 1 week after farrowing. 

The loadings of VLDL used for chromatography on 
heparin-agarose were shown, in preliminary 

l',p,•rinwnls, not lo causl' any l'lulion of prolt•in in 
llw lo,1ding buffl'r. Thost• preliminary l'\pl'rinwnts 
usl'd a sh,11low gr.idil'nl from SO mmol/1 N,1Cl to 
7'ill 11111101/1 NaCl to elult• thl' VLDL from the 
column. Untkr such conditions major pt•,1ks duted 
with 111,1,im.1 ,1I about ]JO mmol/1 NaCl (subfraction 
I) ,111d o\'er 2Sll mmol/1 NaCl (subfr,1ction 2). In 
ordl'r lo obt,1in bl'ltl'r rl'solvl'd pl'.iks, the much 
slt'l'pt•r l'lulion gradient dl'scribl'd in Material and 
methods w,1s employed. A typical rl'Corder tracl' 
obtainl'd by chromatography undl'r tlw standard 
conditions is shown in Figure 2. Subfraction 1 eluted 
in the initial buffer containing 200 mmol/1 NaCl and 
subfraction 2 eluted at between 300 mmol/1 and 
4SO mmol/1 NaCl under these conditions. It should 
bl' nolt.•d that occasionally one or both of the 
subfr.ictions showed 'shoulders' indic.iting the 
poll'nti,11 for further fractionation and that on a few 
p,·c.ision~ ,1 third di"tinct ~ubfr,1clio11 11·,1s st•en ,ll 
,1boul hlHl mmol/1 Ni!CI. 

Table 2 summarizes the results of the heparin­
agarose chromatography carried out on VLDL 
obtained from nulliparous gilts belonging to the 
nine genetic lines. The recorder trace, obtained by 
monitoring the absorbance of the elutant at 
280 nm, was integrated and the area under the 
peak corresponding to subfraction 2 expressed as a 
proportion of the total area under the peaks 
corresponding to subfractions 1 and 2. Analysis of 
variance showed clear differences between the nine 
lines (P < 0-001 ). The VLDL from the VFIH line 
contained a significantly higher proportion of 
subfraction 2 than any of the other genetic lines 
except LFAH (P < 0-05). The lines VFIL and LGSL 
contained lower proportions of subfraction 2 than 
all the other lines with the exception of LGSH 
(P < 0·05). When these data from the genetic lines 
on piglet survival and on the composition (by 
subfractions) of the VLDL were analysed by non­
linear regression, a clear relationship described by 
a quadratic equation was observed (Figure 3). The 
quadratic correlation was significant (r = 0·865; 
P < 0-01). The equation predicts maximum survival 
for piglets born to gilts having roughly 0·5 of their 
VLDL as subfraction 2 before the onset of 
pregnancy and greater than 90% survival for those 
between 0-3 and 0-7. The survival data shown were 
derived from the cumulative experience with 
generation~ 1 to 7 inclusive and were considered 
more valid because a total of 9978 piglets were 
included in the calculations. A single generation 
such as that shown in Table 1 included fewer 
litters and was thus more susceptible to the 
occurrence of atypical results. Nevertheless, the 
relationship was still observed when the survival 
data were derived from a single generation (piglets 
born to generation 7) (r = 0-710; P < 0-05). 
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Figure 1 The variation in the concentration of VLDL 
components in the plasma of preg:i.•nt and lactating sows. 
The time scale is expressed in weeks prior to (-) or 
following(+) parturition (zero weeks). Service was at -16·5 
weeks. Data were obtained from one animal belonging to 
each of six different genetic lines each sampled at intervals 
of 3 weeks. Points on the time axis are grouped to the 
nearest 3 week interval. Panel (a) shows VLDL 
triacylglycerol; (b), VLDL protein; (cl, VLDL total 
cholesterol; (d), VLDL free cholesterol; (e), VLDL 
phospholipid. Error bars are ±1 standard error of the mean. 
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Figure 2 A s,1mpl,· chrom,1togram of a VLl)I. prep,1ration 
,111 a lwp,1rin-,l);,1rosl' column. Thl" absorb,rnn· of tlw l'lu.ill' 
,11 280 nm is shown as the unbroken linl'. Tlw concl'lltration 
of N,1CI is shown ,1s thl' dotted lilll·. The graduation marks 
on thl' volumL'·,l\is rL•presL·nt intervnls of 5 ml of eluatt•. 

After prl'liminary studies had shown that the 
proportion of suhfraction 2 observed in virgin VFIL 
gilts dl'clinl'd during prt•gn.incy and e,uly lact,1tion 
(d.it,1 tllll sl1()1\'11), thrl'e line:-. Wt'rt• d1osl'n for furlhl'r 
study. The lines were chosen on the basis of pigll't 
survival rates, VFIH being low, LGAH high and 
LGAL intermediate. Blood samples for 
chromatographic analysis of the VLDL were taken 
from sows of these lines at regular intervals during 
their first pregnancy and lactation and, in some 
cases, the subsequent pregnancy. The results 
presented in Figure 4 show that, in the majority of 
sows, the proportion of subfraction 2 had already 
fallen to values below the 'virgin' values by the first 
1 or 2 weeks of pregnancy. The fall continued during 
the first few weeks of pregnancy, the proportion of 
subfraction 2 becoming relatively stable at a new low 
value from week 6 until after parturition. There was 
some evidence of an increase in the proportion of 

Table 2 Tile proportion of plasma VLDL present as subfraction 2 
in nulliparous gilts of generation 7 

Genetic 
line 

LGAH 
LGAL 
VFIH 
VFIL 
LGSH 
LGSL 
LFAH+ 
LFAL 
Control 

No. 
of pigs 

6 
6 
4 
2 
2 
2 
2 
2 
2 

Proportion of total VLDL 
present as subfraction 2 

Mean errort 

0-42 0-017 
0-38 0-019 
0-78 0-009 
0-21 0-009 
0-35 0-008 
0-26 0·025 
0-71 0-055 
0-58 0-018 
0-41 0-023 

t The error is the standard deviation for four or six pigs and 
is half the range for two pigs. 
+ Sows of generation 8 were used for the line LFAH. 92-5o/o of 
piglets born alive to LFAH sows of generation 8 survived to 
weaning. 
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Figure 3 A scntter plot showing the cumulative data for 
piglet survival (the percentage of those born alive thnt 
survive until weaning at 4 weeks) obtained from generations 
1 to 7 inclusive for nine genetic lines of pigs plotted against 
the proportion of plasma VLDL eluting from heparin-agrose 
with subfraction 2 measured in gilts before they became 
pregnant. The survival data were obtained from a total of 
9978 piglets born alive. The fitted curve is: % survival rate = 
73-03 + 79-57 (subfraction 2) -81-48 (subfraction 2)2. 

subfraction 2 as weaning approached. Similar trends 
were observed in the second pregnancy. The relative 
fall in the content of subfraction 2 was seen most 
clearly in the VFIH line where the pre-pregnant 
value of 0-78 fell to between 0-05 and 0-2 in mid 
pregnancy. A similar consistent, albeit less dramatic, 
fall from 0-38 to between 0-04 and 0-18 was observed 
with the LGAL line; data from the LGAH line were 
less consistent but it can be seen that the proportion 
of subfraction 2 did not fall to such low values as in 
the other two lines. 

Discussion 
An important finding of the work is that porcine 
VLDL, like that from humans and rats (Shelburne 
and Quarfordt, 1977; Trezzi et al., 1983; Huff and 
Telford, 1984; Herrera et al., 1987; Evans et al., 1989; 
Fielding et al., 1989), can be separated into 
subfractions according to their affinity for heparin. 
Previous experiments with rat (Herrera et al., 1987) 
or human VLDL (Gomez-Coronado, Saez, Lasunci6n 
and Herrera, 1993) have shown that four 
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Figure 4 The variation in the proportion of VLDL 
subfractions as a function of time of pregnancy or lactation 
in three genetic lines of pigs. Parturition was at 
approximately 115 days after a successful service and 
weaning a further 28 days later. The fitted quadratic curves 
are as follows: VF!H; r = 0-628; P < 0·001; proportion of 
subfraction 2 = 0·437 - (8-46 X 10-3) days + (5· 17 X 10-5) 

davs2; LGAL; r = 0-543; P < 0-01; proportion of subfraction 2 
= 0-387 - (6·33 X JO·') days + (3-44 X 10-5) days2; LGAH; r = 
0-427; P < 0-05; proportion of subfraction 2 = 0-405 - (3-71 X 
10-3) days + 0 ·44 X ](J-5) days2. 

subfractions (named A to D) could be obtained after 
eluting the heparin-agarose column with a 
discontinuous gradient. Using the continuous 
gradient, we found no evidence for the peak A 
unless the column was overloaded; furthermore, 
there was no clear evidence for a peak C. 
Subfractions 1 and 2 appear to correspond to the 
peaks B and D, respectively. Although the previous 
papers reported differences in the proportions of 
the subfractions obtained from human VLDL, 
compared with those from rat VLDL, the evidence 
presented herein suggests that within species 

v,1n,1tion lll,l\' lw ilS gn•,1t ,is th,1t ocn,rring bl'IWl't'l1 
S}'l'l°il'S, 

Thl' linding nf tlw two sublr,1dions imnwdi,1tdy 
begs t lw ljlll'Stion of tlw possiblt' phvsinlngk,1\ 
signific,11Kl' of the plwnonw11011. ThL' onlv dues in 
till' lill'r,1lt1n' n•lak to ch,rngl's occurring during 
prl'g11,111cy (I krn'ra ct al., 1987). Arl·tirdinglv, 
s,1mples of plasma Wl'rl' t,1kt'n thnn1ghot1t 
prl'gn,rncy ilnd lactation ,ind the composition of 
tlw wholl' VLDL fraction ,rnalvsed. The results 
show similar trends to thosl' r~'ported l'lst•wlwrt' 
for pigs (Rt't'se, Peo, Lewis ,md Hogg, 1984) and 
for other species (Knopp, W.irth, Charil's, Childs, 
Li, Mabuchi and Van Alkn, 1986; Montl'longo, 
Lasunci(m, Pilllardo and Herrera, ]992). The 
concentration in plasma of illl the lipid components 
of VLDL incrt'ased markedlv during the 5 \Weks 
pri,ir to p,irturition, wlwrl',l~ th!' nl!Kl'lltr.1liun of 
\'I .DI -prokin rl'm,1ined roughl1 const,111! Lich 
VLDL particle contains one nwlccule oi apo-B 
,vhich is the largest of the apoprnteins and is the 
major protein constituent of the lipoprotein (Davis, 
1991). This being the case, the concentration of 
VLDL-protein in plasma gives a measure of the 
number of VLDL particles in the medium; 
conversely, phospholipid and free cholesterol both 
increase with the surface area of the VLDL and 
triacylglycerol and cholesteryl ester (being total 
cholesterol minus free cholesterol) both reflect 
changes in the volume of the VLDL. The results 
are therefore an indication that plasma contains 
larger, more lipid-rich, VLDL in the weeks leading 
up to parturition. In humans, there is a 
corresponding hyperlipaemia in late pregnancy 
which results from mobilization of adipocyte 
triacylglycerols and subsequent incorporation of 
the liberated fatty acids by the liver into VLDL 
(Herrera, Lasunci6n, Martin and Zorzano, 1992). 
The onset of lactation, on the other hand, coincides 
with a fall in the concentrations of the lipid 
components and a rise in the plasma concentration 
of VLDL-protein. Hence, following parturition, the 
VLDL fraction of plasma was represented by more, 
smaller particles. That the VLDL are smaller may 
be a result of their more rapid catabolism in 
response to the increased requirement by the 
mammary gland for the substrates of milk fat 
synthesis and the consequent presence of more 
partially digested VLDL in the sample of plasma. 
Some care must be exercised in the analvsis of 
these results as the six gilts chosen for study came 
from six different genetic lines, a fact which may 
be reflected in the relatively high standard errors 
recorded in some cases. 

The proportion of VLDL present as subfraction 2 fell 
continually throughout pregnancy, agreeing with a 
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pn·v1011, l111d111g in r,1h (I ll'rn•r,1 ,•/ 11/., l'IH7). 
I )1·,-r,•.is,•d pnip,irti1in:s llf s11bfr,1rtio11 2 wvn· pn•st•nt 
in llw 11 w,•,•b prinr Ill p,1rt11ritio11, only rl'lurning In 
11 n··pn·g11,,1H·v ,·.1l111•s ,1ll1•r Wl0,111ing. l',rnlion is 
1wn·s-.,1ry in l'llmp,1ring tlw changl'S in thl' 
suhlr.1\'lion 11 nip<1rlinns during pn·gn,111cy ,111d 
l.1d.1lion wilh tlw ch,1ngl'S in lipid ,rnd proll'in 
n>mpo:silions llf \\'hlllt• VLl)I. OVl'r lhl' sall1l' pl'riod 
hl'l',l\lSl' ,1 111i,t111'<' of gl'Jll'tic linl's was usl'd to ohl,1in 
tlw dat.i fm Figun• I, wlwn•,1s l'.lch p,rnl'I of Figun• 4 
l'l'l'l'l'Sl'llts ,1 singk gl'Jll'lic lim•. Nl'Vl'rlhl'll'ss, thl' 
sh.1rp ch,111gl's n'\'l'<lll'd in Figurt• I are not SL'l'll in 
Figun· 4; furllll'rnwn•, the timing of the rl'covL•riL'S 
post-partum ,HL' not coinckknt. These ohserv,ltions 
le,H.l to thl' nmdusion that till' changl's in thl' 
proportions of subfr,1etions do not result simply 
from a ch,111gl' in till' siZL' of thl' VLDL in latl' 
prl'gnancy .111d l\lrlv lactation. It Sl'L'ms more likl'ly 
th.it thl' d1,rn~1·s in thl' proportions of thl' 
-,uht r.idions 111 \ II )I ,lfl' ,l l1ingl'r-ll'r111 .id.ipl,1tio11 to 
lhl' lll'eds lll prl'gn,rncy or of lactation and m,1y bl' 
relatl'd to the induction of the enzyme lipoprotein 
lipase in mammary gland in late pregancy (Ramirez, 
Llobera and lll'rrcra, 1983). 

Clear differl'nces were observed between the VLDL 
subfractions of nulliparous gilts. These differences 
were reflected in the changes observed in the VLDL 
subfractions of the three lines chosen for study 
throughout pregnancy and lactation. It may be more 
than a coincidence that the survival rates of piglets 
born to the nine genetic lines also varies in a manner 
which correlates with the variation in the 
proportions of the VLDL subfractions present. The 
relationship between the two variables, however, is 
complex (see Figure 3) and complicated by the fact 
that the proportions of each subfraction were 
measured some time before lactation started. It 
would be of interest to determine what proportions 
of the subfractions were predicted in late pregnant 
and lactating gilts by the prepregnant figure. If a 
causal relationship can be established, the 
implication is that the synthesis and secretion of each 
subfraction of YLDL, which in turn depends upon 
the synthesis of apo-E, requires control within close 
limits to ensure maximum viability of the piglets. 
Any effects of VLDL composition on the survival of 
the neonatal pig could be exerted via neonatal 
nutrition or by nutrition in utero. An effect on 
neonatal nutrition, perhaps mediated by an effect of 
apo-E on the enzyme lipoprotein lipase, seems more 
likely because the transport of fatty acids across the 
porcine placenta is known to be low (Gurr, 1988). 
Nevertheless, it is possible that the changes 
occurring in early pregnancy do have a role in 
supplying essential fatty acids to the foetus 
(Coleman, 1989). The fatty acid composition of the 
VLDL subfractions does not yet appear to have been 

dl'll'rmi1wd, but surh ,1 nwch,111ism 111,1v n1rrl'l,1k 
llllll'l' l'lllsdv with tlw liming of llw· obsl'r\'L'd 
d1,111gl'S. 

II llw findings rl'porlt•d hl'rl'in c,111 Lw subsl,111li,llcd, 
till'\' suggl'sl ,1 nw.isun'l11L'llt lh,11 could bt• USl'd in 
the sl'll•rlion of sows for .i brl'eding progr,1mmL' with 
till' ,1im of improving till' nutrition of tlw n1•on.1l,1l 
pig. Furthl'r L'XfWrinll'nts will atlL'lllpt to dl'finl' tlw 
rnl'l,1bolic C1ll1Sl'l]UL'l1Cl'S of ,1ltcring thl' ,1po-E conll•nl 
of pl,1s111,1 \'Ll)L; in particular, ,rny possible l'ffl'ds 
lln thL' ck-.u,11icl' of VLDL-triacylglyn•rol hy thl' 
L'nzynw lipoportl'in lipase from the circul,1tion to thl' 
lact,lting m,1111rnary gland will bl' invl'stigatl'd. Thl' 
hypollwsis can ultimately only be suhstantiatl'd 
wlwn tlw total and relative amounts of the 
subfr,Ktions can bl' shown to corrl'l.itL' with thl' 
output of tri,1cylglycerol in the milk. 
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