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Effect of dietary fat composition on the metabolism
of triacylglycerol-rich plasma lipoproteins in the
postprandial phase in meal-fed rats
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W. C. Hilsmann*

Department of Biochemistry,” Erasmus University Rotterdam and Unilever Research Laboratories

Vlaardingen, ! The Netherlands

Abstract Rats conditioned to eating fixed-size meals (meals at
7 AM and 7 PM), consuming diets rich in palm oil or sunflower
seed oil, were used to study the metabolisin of chylomicrons and
hepatic very low density lipoproteins (VLDL) as a function of
time after meal consumption. Rats fed a palm oil diet had higher
serum triacylglycerol levels at 7 AM, before the meal (1.96 + 0.25
M vs. 1.09 + 0.09 mM) and reached higher levels postprandial-
ly (4.32 + 0.48 mM vs. 2.87 1+ 0.18 mM) than sunflower seed
oil-fed animals, due to higher levels of hepatic VLDL (at 7 AM)
and higher levels of chylomicrons and hepatic VLDL (in the
postprandial phase). These differences in serum triacylglycerol
concentrations between the diets tested were found not to be due
to differences in hepatic VLDL triacylglycerol secretion (similar
rate for both dietary groups and not very much affected by meal
consumption) or chylomicron triacylglycerol secretion (similar
response profiles on both diets), pointing towards differences in
plasma triacylglycerol catabolism. Subsequent double-label
studies on triacylglycerol catabolism of chylomicrons from palm
oil- and sunflower seed oil-fed animals in chow-fed recipients
showed that palm oil triacylglycerol is catabolized slower than
sunflower seed oil triacylglycerol. Furthermore, activities of
postheparin plasma lipoprotein lipase tended to be higher in
sunflower seed oil-fed animals. B8 From these data we con-
clude that the relative hypertriglyceridemia found in palm oil-
fed animals is due to less efficient catabolism and not to
increased synthesis of plasma triacylglycerol. — Groot, P. H. E.,
B. C. J. de Boer, E. Haddeman, U. M. T. Houtsmuller, and
W. C. Hiilsmann. Effect of dietary fat composition on the
metabolism of triacylglycerol-rich plasma lipoproteins in the
postprandial phase in meal-fed rats. J. Lipid Res. 1988. 29:
541-551.

Supplementary key words palm oil ¢ sunflower seed oil « chylo-
microns e lipoprotein lipase

Although dietary effects on plasma lipoprotein metabo-
lism have been studied extensively, relatively little atten-
tion has been paid to the effects of diet on plasma lipo-
protein metabolism in the postprandial phase. Zilversmit
(1) has stressed the relevance of those studies as men and
women, in an affluent society, spend the larger part of

each day in the fed state. The postprandial phase is
characterized by the presence in plasma of triacylglycerol-
rich lipoproteins of intestinal origin (chylomicrons,
chylomicron remnants). Several lines of evidence have
indicated that chylomicron remnants may play a role in
atherogenesis (1-6), so more detailed information about
the factors that determine their plasma residence time is
needed. Furthermore, the postprandial metabolism of
hepatic VLDL is of interest. During this period there is
a flow of dietary constituents from gut to the liver that
may affect the rate of VLDL synthesis. In addition, hor-
monal responses may have effects on both synthesis and
catabolism of hepatic VLDL. In the present study we
have investigated the metabolism of triacylglycerol-rich
plasma lipoproteins as a function of the time after meal
consumption in rats trained to eat meals containing either
palm oil or sunflower seed oil.

MATERIALS AND METHODS

Animals and diets

Three-week-old, male SPF Wistar rats (Cpb/Wu, Cen-
tral Institute for the Breeding of Laboratory animals)
were divided into two groups according to body weight,
omitting the upper and lower 10% of the population. Rats
were individually housed and fed ad libitum with one of

Abbreviations: RBP, retinol binding protein; VLDL, very low density
lipoprotein; LDL, low density lipoprotein; HDL, high density lipo-
protein; SF, sunflower seed oil; PO, palm oil; PH-LPL, postheparin
plasma lipoprotein lipase; P/S ratio, polyunsaturated/saturated fatty acid
ratio; PUFA, polyunsaturated fatty acids.

!Address correspondence to: Dr. P. H. E. Groot, Smith Kline &
French Research Ltd., The Frythe, Welwyn, Herts., AL6 9AR, United
Kingdom.
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two experimental semisynthetic diets, containing palm oil
or sunflower seed 0i] (30% of energy content). The compo-
sition and fatty acid composition of these diets are given
in Table 1. After 5 weeks, a program was started to condi-
tion the animals to a meal-eating regimen. Meals of 7 g
dry weight, made to a porridge by mixing with 7 g of
water, were presented to the rats at 7 AM and 7 PM. Most
animals (80%) adjusted to this feeding regimen in less than
1 week and those unable to do so were removed from the
study. The size of the meal (7 g dry weight) was based on
food consumption of rats fed the same diets ad libitum.
The studies presented in the present work were performed
in rats trained to meal-eating for a period of 3 weeks.

Protocol for the measurement of serum chylomicron
and hepatic VLDL concentrations and their rate of
secretion into plasma

Groups of 6 rats were used for each timepoint studied
(7 AM to 7 PM period, timepoints every 2 hr). All animals
received last meals, supplemented with 10 pCi of [11,12(n)-
*H]retinol on the day of the experiment and were kept in
their normal housing until the time of blood collection. At
the appropriate hour, blood samples of 2 ml were collected
from the tail for serum preparation. Next, the animals
received a bolus of Triton WR 1339 (20% w/v in 0.9%
NaCl; 2 ml/kg body weight) by penal vein injection with-
out anesthesia and blood samples were collected after 15
min (0.5 ml) and 30 min (as the animal was killed) for
serum preparation. Aliquots of serum from each rat,
before and after Triton injection, were stored at —20°C
in the dark for analysis of triacylglycerol, cholesterol, and
radioactivity. Lipoprotein fractionations and analyses
were performed in pooled serum samples (6 x 0.5 ml) im-
mediately after the serum preparation. For each timepoint
two serum pools were made up, a pre-Iriton pool and a
30-min post-Triton pool. These fractions were layered on
two identical columns filled with 2% agarose gel (Bio-
Rad, A-50, 100-200 mesh), equilibrated with 0.9% NaCl,
10 mM Tris-HCI, 1 mM EDTA, pH 7.5. The columns
were eluted with the same medium at 4°C in the dark and
fractions of 1.8 ml were collected (flow rate 8 ml/hr) and
analyzed for triacylglycerol, cholesterol, and radioactivity.
In some experiments the label distribution was further
analyzed by thin-layer chromatography after lipid extrac-
tion (8). As indicated in the Results section, *H radioac-
tivity in the chylomicron- and VLDL-containing frac-
tions obtained by agarose gel chromatography was nearly
all in [*H]jretinyl esters (95-98%), while *H radioactivity
associated with the serum protein peak was associated
with unesterified retinol (> 97%).

Measurements of postheparin plasma lipolytic
activities

Heparin (Tromboliquine, Organon, Oss, The Nether-
lands; 100 U/kg body weight) was injected into the penal
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TABLE 1. Meal composition

Constituent g per 14 g Porridge

Water 7

Sucrose 3.49
Casein 1.88
Fat (palm oil or sunflower seed oil)’ 0.98
Cellulase .46
Salt mixture’ 0.16
Vitamin mixture” 0.03

During the ad libitumn feeding period, animals received a diet com-
posed as shown in this table, except that water was not added. During
both the ad libitum feeding and meal-feeding period, animals had free
access to drinking water.

“Fatty acid composition as determined by gas-liquid chromatography
(palm oil vs. sunflower seed oil): C14:0, 1.1% versus 0.1%; C16:0, 45%
versus 7.2%; C18:0, 4.2% versus 4.0%; C18:1, 39% versus 19%; C18:2,
9.8% versus 67.5%; C18:3, 0.2%; C20:0, 0.3%; C20:1, 0.2%; C22:0,
trace versus 0.6%.

"Details described in ref. 7.

vein in rats, using a light ether anesthesia. Ten min later,
a small blood sample was collected (0.5 ml) from the tail
and postheparin plasma was prepared at 4°C and frozen
at —80°C. Lipoprotein lipase was determined at 37°C in
the presence of 0.08 M NaCl in plasma samples preincu-
bated with anti-rat hepatic lipase rabbit IgG (9), using an
emulsion of labeled triacylglycerol stabilized with egg
phosphatidylcholine, prepared by sonication in glycerol
(10). Endogenous substrate in plasma was found not to
affect the lipase measurements under the assay conditions
employed.

Studies with mesenteric lymph

Mesenteric lymph was collected from meal-fed rats {on
palm oil or sunflower seed oil diets) equipped with a
mesenteric cannula (11) 2 hr after meal consumption (9
AM). For studies on the size distribution of chylomicrons
in lymph, [?H]retinol was added to the last meal as de-
scribed above. Donor animals for lymph used in chylo-
micron catabolism studies received last meals mixed with
40 pCi of [9,10-*H]oleic acid or 18 pCi of {1-**C]oleic acid.

Chemical analysis

Triacylglycerol and cholesterol concentrations in sera
and fractions obtained by agarose gel chromatography
were determined by enzymatic methods (Boehringer
Mannheim) using a PA 800 programmable analyzer
(Vitatron, Dieren, The Netherlands) and test Kkits
TG644200 and TC 701912. Liquid scintillation spec-
trometry was performed in a Packard Tri-Carb CD liquid
scintillation counter using Emulsifier Scintillator 299
(Packard).
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RESULTS

Postprandial changes in serum triacylglycerol
concentrations

Postprandial responses in serum triacylglycerol concen-
trations in rats consuming a palm oil-rich or sunflower
seed oil-rich diet are shown in Fig. 1. Rats were bled
either just before their 7 AM meal (time zero) or at times
after consumption of the meal as indicated in the figure.
Serum triacylglycerol concentrations just before the meal
were lower in sunflower seed oil-fed rats than in the palm
oil-fed group. In both diets there was a steep rise in serum
triacylglycerol concentration after the meal, followed by a
stabilization period. Between 4 and 8 hr, a second peak in
serum triacylglycerol concentration was evident, followed
by a decline to pre-feeding values. At all timepoints
tested, triacylglycerol concentrations in palm oil-fed rats
were higher (0.001 < P < 0.01) than in the correspond-
ing group fed sunflower seed oil.

Serum lipoprotein fractionation by 2% agarose gel
permeation chromatography

The nature of the carriers of triacylglycerol in serum at
different times after the meal was investigated further. To
differentiate between triacylglycerol-rich lipoproteins of
intestinal {chylomicrons and chylomicron remnants) and
hepatic (VLDL) origin, intestinal lipoproteins were radio-
labeled in the retinylester moiety by oral administration
of [*Hjretinol (2, 12-14). Its validity is based on the
finding that retinyl esters remain associated with the chylo-

L

n=10

o---0 PO diet
o—eo SF diet

SERUM TRIACYLGLYCEROL mmol
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Fig. 1. Postprandial changes in serum triacylglycerol concentrations in
meal-fed rats on a palm oil- or sunflower seed oil-rich diet. Each
timepoint (time after the 7 AM meal) represents data from 10 animals
(geometric mean t coefficient of variation of the mean, as indicated by
the bars). Different groups of rats were used for the assessment of serum
triacylglycerol concentrations at all timepoints shown in the figure;
(®---@) palm oil-fed rats; (@—@) sunflower seed oil-fed rats.

micron core during metabolic processing of chylomicrons
in the plasma compartment. This holds especially for rats,
which lack the plasma lipid transfer activity found in
other species (15). In a set of experiments designed to
identify the nature of the postprandial hypertriglyceride-
mia, we included a defined quantity of [*H]retinol in the
last meals of rats (six rats per group, 2 x seven groups
bled at 7 AM, 9 AM, 11 AM, 1 PM, 3 PM, 5 PM, and 7 PM,
respectively) and fractionated the sera (a pool of 6 x 0.5 ml
for each timepoint) by 2% agarose gel chromatography
(16). Fig. 2 shows the elution profiles of serum triacyl-
glycerol, cholesterol, and *H radioactivity of rats fed palm
oil- or sunflower seed oil-rich diets and bled at 7 AM (to
illustrate the basal profile), 9 AM (to illustrate the appear-
ance of the chylomicron peak), and 1 or 3 PM (to illustrate
the elution profile at maximum plasma triacylglycerol
concentration). Based on the results of triacylglycerol
determinations, *H radioactivity analysis (showing that
95-98% of the *H radioactivity in fractions eluting
between 40 and 120 ml represents [*H]retinyl esters, while
nearly all the radioactivity in the 120-140 ml eluate
represents [*H]retinol) and cholesterol determinations, it
was concluded that the first peak in the triacylglycerol
profile (40~70 ml elution volume) represents lipoproteins
originating from the gut (chylomicrons and possibly
chylomicron remnants) while the second peak (70-120 ml
elution volume) represents mainly hepatic VLDL. Judged
from the low level of radioactivity in the latter peak,
contributions of small chylomicrons and chylomicron
remnants to the pool of triacylglycerol associated with this
second peak are probably small (see below). The apparent
third peak in the triacylglycerol profile represents un-
esterified glycerol. The major peak in the cholesterol
profile (elution volume 110-140 ml) and the late peak in
the *H radioactivity profile (elution volume 120-140 ml)
represent serum HDL and the retinol-RBP complex, re-
spectively. LDL, present in rat serum in a low concentra-
tion, is eluted in the ascending limb of the major cho-
lesterol peak.

Analysis of mesenteric lymph of rats fed a palm oil-
or sunflower seed oil-rich meal

To obtain information about the size distribution and
[*H]retinyl ester content of chylomicrons we collected
mesenteric lymph of rats that had received a 7 AM meal
supplemented with [*H]retinol. Cannulation was started
at 9 AM and lymph was collected between 9:30 AM and
5 PM. Aliquots of lymph from palm oil- and sunflower
seed oil-fed rats were fractionated by 2% agarose gel
permeation chromatography and analyzed for triacyl-
glycerol and *H radioactivity distribution. The results of
these studies are shown in Fig. 3. Profiles of triacyl-
glycerol and *H radioactivity showed single peaks coincid-
ing with the void volume of these columns and consider-

Groot ¢t al.  Chylomicron and VLDL metabolism in the postprandial state 543

2T0Z ‘6T aunr uo ‘1sanb Ag Bio Jj-mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

544

A o B
Q
SF t=0" SI PO t=0" o}
o Se
> —
o g6
-0 ox
>E A SE
CE ' £
i < 4 33
v a
',& T~ ; x T—n:::'u
' |
\ P
; N
: :
. -
|
y
¢
r .
40 80 120 40 80 120
ELUTION VOLUME (mt) ELUTION VOLUME (mt)
c Lo
sF t=2" gI PO t=2" 1
s n Se
S 7
3% <2
Se ox
>
oF 13
< it
ch

0.1 - s
1 T T
40 80 120 40 80 120
ELUTION VOLUME (ml) ELUTION VOLUME (m1)
E F
SF t=6" 2 PO t=g" -
P xI o
o) w >
3 S 5
[ G0 39
"wo :E =X
a
'_‘a': OE <€
° L= | xE
x o e
(8] [
?
[
"
L
0.25 4 _0“_1 ‘.; s
e
-
o
¥
i .
SN

40 40

80 120
ELUTION VOLUME (ml)

80 120
ELUTION VOLUME (ml)

Fig. 2. Fractionation of pre- and postprandial sera of meal-fed rats by 2% agarose gel chromatography. All rats
received 10 pGCi of [11,12-*H]retinol mixed in their last meal (for t = 0 hr: in the 7 PM meal; for t = 2 hr, 6 hr, and
8 hr: in the 7 AM meal). Rats were bled at times after 7 AM as indicated in the figure. Two percent agarose gel
permeation chromatography was performed using 3 ml of a serum pool from six rats (6 x 0.5 ml). Eluted fractions
were analyzed for triacylglycerol content (@—@), *H-radioactivity (#l---), and cholesterol (A - - - A) (for
reasons of clarity only shown in the t = 6 and 8 hr sera analyses). The peak in the triacylglycerol profile at about
140 ml represents free glycerol; SF, sunflower seed oil-fed rats; PO, palm oil-fed rats. Note that the 7 AM animals
received [*H]retinol 12 hr earlier. Therefore, high levels of radioactivity are associated with the retinol-RBP area

(elution volume 120-160 ml) in the elution profile.
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Fig. 3. Fractionation of mesenteric lymph, collected from meal-fed rats, by 2% agarose gel chromatography.
Mesenteric lymph was collected from rats fed a meal containing sunflower seed oil or palm oil diet, supplemented
with [*H]retinol at 7 aM. Aliquots (3 ml) of (diluted) lymph, collected between 9:30 AM and 5 PM, were fractionated
by 2% agarose gel chromatography and analyzed for triacylglycerol and *H radioactivity: ratio of *H radioac-
tivity/triacylglycerol (dpm/nmol). Elution positions of VLDL and retinol binding protein (RBP), as determined with
rat serum in separate runs on the same column, are indicated in the figure. For symbols see Fig. 2.

able tailing in the descending limb. It is evident that the
bulk of triacylglycerol in mesenteric lymph is associated
with the elution area designated as “chylomicron fraction”
in the serum fractionation studies shown in Fig. 2. Only
minor quantities were found in the VLDL area. Ratios of
*H radioactivity and triacylglycerol were more or less
constant throughout the elution profile in sunflower seed
oil-fed rats but increased somewhat in the small chylo-
micron (VLDL) fraction in palm oil-fed rats.

In the corresponding serum fractionation studies,
shown in Fig. 2, some of the [*H]retinyl ester radioactivity
was found in the VLDL area of the elution profile, indi-
cating that small chylomicrons or partially delipidated
chylomicrons are associated with these fractions. Using
the [*H]Jretinyl ester/triacylglycerol ratios in the chylo-
micron peak of each serum, one may estimate the maximal
contribution of gut-derived triacylglycerol to the serum
VLDL peak. These calculations revealed that 17 to 37%
of VL.DL-associated triacylglycerol in the sera analyzed
in the present study may be of intestinal origin. How-
ever, as partially delipidated chylomicrons (having high
[*H]retinyl ester/triacylglycerol ratios) will also be found
in this fraction and small chylomicrons may have a some-
what higher ratio to start with (see above), true contribu-
tions of the gut to the serum VLDL triacylglycerol peak
will be lower. Although not entirely accurate, the contri-
butions of the gut and liver to the serum triacylglycerol
concentration can be calculated from the triacylglycerol
mass associated with the first and second peak in the
agarose triacylglycerol profile, respectively. However, one
should keep in mind that in doing so the contribution of

the gut is slightly underestimated while that of the liver
is overestimated.

Estimation of the contribution of gut and liver derived
triacylglycerol to the concentration of triacylglycerol
in pre- and postprandial sera

A complete set of sera covering the time span 7 AM-7 PM
was analyzed as shown in Fig. 2 and estimations of contri-
butions of gut and liver to serum triacylglycerol concen-
trations were calculated as described above. The results of
these analyses are shown in Fig. 4. At 7 AM just before
the meal, the contribution of intestinal lipoproteins to the
serum triacylglycerol concentration was low both in palm
oil- and sunflower seed oil-fed rats. In response to the
meal, sunflower seed oil-fed rats developed a gradual
chylomicronemia peaking at 6 hr after the meal, followed
by a decline to low levels at 7 PM. The postprandial
chylomicronemia in palm oil-fed rats was more complex,
showing peaks at 2 and 8 hr after the meal. Interesting
changes in serum hepatic VLDL concentration were also
observed. Both in sunflower seed oil- and palm oil-fed rats
a profile was observed that followed the profile of the
triacylglycerol-rich lipoproteins originating from the gut.
In absolute terms the contribution of hepatic VLDL to
the postprandial increase in serum triacylglycerol was
even larger that that of lipoproteins of intestinal origin.
Chylomicrons are removed from the circulation in a two-
step process. In the first step triacylglycerol is lost by
lipolysis catalyzed by lipoprotein lipase and the resulting
core remnant, containing all the retinyl ester originally
present in the chylomicron particle, is subsequently re-
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Fig. 4. Serum triacylglycerol concentrations of intestinal and hepatic origin during the postprandial phase. Sera
from rats, taken at set times after their 7 AM meal as indicated in the figures, were fractionated by 2% agarose gel
chromatography as indicated in Fig. 2 (for each  timepoint a mixture of 0.5 ml of serum from six rats was frac-
tionated). After determination of the elution profiles for triacylglycerol and *H radioactivity, two areas were distin-
guished: chylomicrons eluting between 40 and 70 ml, and VLDL eluting between 70 and 120 ml. The mass of tri-
acylglycerol associated with both fractions was calculated and is shown in the figure; SF, sunflower seed oil-fed rats;
PO, palm oil-fed rats; (@—@®) triacylglycerol associated with the VLDL fraction; (li—) triacylglycerol associated

with the chylomicron fraction. For further details see the text.

moved by the liver. Close examination of the [*H]retinyl
ester/triacylglycerol ratio in the 40-70 ml peak of all sera
analyzed by 2% agarose gel chromatography revealed
that these ratios were fairly constant, both as a function
of time after the meal and when palm oil- and sunflower
seed oii-fed animals were compared (ratios varied between
13 and 18 x 10% dpm/pmol triacylglycerol as compared to
19 x 10* dpm/umol in the meal) suggesting that the ob-
served differences in serum triacylglycerol between palm
oil- and sunflower seed oil-fed rats are not due to accumu-
lation of chylomicron remnants in plasma. However, 2 hr
after consumption of either a palm oil or sunflower seed
oil meal, the ratio of [*H]retinyl ester/triacylglycerol in the
40-70 ml peak was increased (30-36 x 10*® dpm/gmol) sug-
gesting that at this timepoint more chylomicron remnant-
like particles are present in plasma than at any of the
other timepoints tested.

Determinations of plasma entrance rates
(synthetic rates)

In order to investigate whether differences in serum
VLDL and chylomicrons are due to differences in the rate
of synthesis or rate of catabolism, a protocol was developed
to measure synthetic rates. Inhibition by intravenous
injection of Triton WR 1339 of VLDL triacylglycerol
catabolism is well established (17-19) and it was found in
preliminary experiments in this study that chylomicron
catabolism is also completely blocked for periods up to at
least 45 min (Table 2).

To estimate the plasma entrance rates of triacylglycerols
in chylomicrons and hepatic VLDL in vivo, we used ani-
mals fed [*H]retinol in their last meal and determined the
accumulation of triacylglycerol-rich lipoproteins during a
30-min period after intravenous Triton injection. The

TABLE 2. The effect of intravenous injection of Triton WR 1339 in rats on removal from plasma
of chylomicron constituents

Time
Serum Concentration 4 Min 19 Min 34 Min 49 Min
*H-Labeled retinyl esters 100% 101 + 8 104 + 6 101 + 12
1#C-Labeled triacylglycerol 100% 100 + 7 103 + 7 98 + 9
Protein 100% 109 + 5 109 + 8 101 + 7

546

Triton WR 1339 (20% w/v solution in 0.9% NaCl; 2 ml/kg body weight) was injected into a tail vein in un-
anesthetized chow-fed rats. After 2 min, intestinal lymph of a donor animal was injected {0.75 ml containing 7.4
mg of triacylglycerol/ml, labeled in the triacylglycerol and retinyl ester moieties with [1-**C]palmitic acid and
[11,12-*H]retinol, respectively). Blood samples were taken from the tail at 4, 19, 34, and 49 min after Triton injec-
tion and serum was analyzed for “C and *H radioactivity and protein concentration. Data (mean value + SD,
n = 9) are expressed as percentage of the t = 4 min values.
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accumulation of triacylglycerol was linear during this
time span (data not shown). We decided to measure the
accumulation during this relatively short period, as
VLDL synthesis in liver may be affected by uptake by the
liver of elements derived from chylomicron catabolism
not available during blockade of catabolism (free fatty
acids from chylomicrons; triacylglycerol from chylo-
micron remnants).

Post-Triton sera (pools of 6 x 0.5 ml for each time-
point) were fractionated by 2% agarose gel chromatogra-
phy. A good separation between lipoproteins of intestinal
origin and hepatic VLDL was obtained as illustrated by
the data from the sera obtained 2 hr (plus 30 min) after
the meal (Fig. 5). (Such data were collected at all fore-
mentioned timepoints, profiles not shown.) Once again
the determinations of [*H]retinyl ester radioactivity indi-
cate that the contribution of lipoproteins of intestinal ori-
gin to the second triacylglycerol peak is rather low, and for
the calculations it is assumed that the mass of triacyl-
glycerol in this peak is solely due to hepatic VLDL. As
similar data are available for sera of the same rats directly
before Triton injection (the sets of data shown in Fig. 2
and used for Fig. 4), production rates of chylomicron and
hepatic VLDL triacylglycerol could be estimated by sub-
traction. The results of the estimated rates of synthesis of
chylomicron and hepatic VLDL triacylglycerol are given
in Fig. 6. The rate of chylomicron synthesis is low just
before consumption of the 7 AM meal but increased
dramatically in the next 2 hr. The peak in the chylo-

micron production rate is followed by a stabilization
period 4 to 8 hr after the meal and appears to decline to
a lower level at 12 hr after meal consumption. The profiles
of chylomicron production rates in animals fed palm oil
and sunflower seed oil diets are similar except for an
unexplained difference at the 10 hr timepoint. The time
course of hepatic VLDL triacylglycerol synthesis is shown
in Fig. 6B. Although minor effects on the rate of hepatic
VLDL triacylglycerol production cannot be excluded
from our present data, we would suggest that no major
changes occur in the 7 AM to 7 PM observation period. As
found for chylomicrons, the production rates of VLDL in
rats fed the palm oil diet are not very much different from
those found in rats fed sunflower seed oil.

Plasma triacylglycerol catabolism

As the relative hypertriglyceridemia in palm oil-fed rats
could not be explained at the level of synthesis, attention
was directed towards plasma triacylglycerol catabolism.
To investigate the lipolytic capacity at different timepoints
in the feeding cycle, lipoprotein lipase activity measure-
ments were performed in postheparin plasma of rats fed
either of the two diets studied. Although PH-LPL activi-
ties were somewhat higher in sunflower seed oil-fed ani-
mals (Fig. 7), no clearcut relation was observed between
the timing of the hypertriglyceridemia and lipase activity
(e.g., differences in PH-LPL were small midday, while
differences in plasma triacylglycerol concentrations be-
tween the diets were large at that time). Therefore, the
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Fig. 5. Fractionation of chylomicrons and VLDL accumulated in plasma of meal-fed rats during 30 min following
intravenous injection of Triton WR 1339. Sunflower seed oil (SF)- or palm oil (PO)-fed rats received a dose of Triton
WR 1339 2 hr after the 7 AM meal as described in Methods and were bled 30 min later. A serum pool of 6 x 0.5
ml was fractionated by 2% agarose gel chromatography as described in Fig. 2. Serum obtained from the same rats
bfefore injection of Triton WR 1339 was analyzed by the same procedure and elution patterns of these analyses are
given in Fig. 2. In comparing the pre- and post-Triton profiles, note the differences in scales. For symbols see Fig. 2.
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Fig. 6. Synthetic rates of chylomicron (A) and hepatic VLDL (B) triacylglycerol. Rates of chylomicron and
hepatic VLDL production were calculated as the difference in triacylglycerol concentration before and 30 min after
intravenous injection of Triton WR 1339. For details see Figs. 2-5.

effects of substrate type on in vivo lipolysis were investi-
gated. For these experiments we isolated lymph from
meal-fed donor rats fed either palm oil or sunflower seed
oil diets. These lymph samples were labeled in vivo in
their triacylglycerol moiety by adding [*H]J- or {**C]oleic
acid to the meal consumed prior to lymph collection.
Lymph samples of palm oil- and sunflower seed oil-fed
animals, carrying opposite labels, were mixed 1:1 based
on triacylglycerol content and the catabolism of palm oil
and sunflower seed oil triacylglycerol in chylomicrons was
studied subsequently in chow-fed rats injected intra-
venously with the lymph mixture. Data from these studies
are shown in Table 3 and Fig. 8. It was consistently found
(in all 19 animals tested, either label combination) that
triacylglycerol carried on sunflower seed oil chylomicrons
was catabolized faster than palm oil triacylglycerol. Data
shown in Fig. 8 indicate that the half-life of sunflower seed
oil triacylglycerol in plasma is about 10% shorter than
that of p-dm oil triacylglycerol, suggesting strongly that
substrate type is a major determinant for plasma triacyl-
glycerol concentrations.

DISCUSSION

In the present work we have investigated the metabo-
lism of plasma triacylglycerol-rich lipoproteins during the
postprandial phase using meal-fed rats consuming either
a palmitic and oleic acid-rich diet (palm oil) or a diet rich
in linoleic acid (sunflower seed oil). The P/S ratio of palm
oil resembles the one found in the fat component of the
average West European diet, while sunflower seed oil was
used to compose a PUFA-enriched diet. At all timepoints

548 Journal of Lipid Research Volume 29, 1988

tested, plasma triacylglycerol concentrations in palm oil-
fed rats were found to be higher than in sunflower seed
oil-fed animals. Differences in postprandial plasma tri-
acylglycerol concentrations between the two diets tested
do not seem to be a direct result of differences in gastro-
intestinal handling of exogenous lipid. No indications
were found that the more saturated fat (palm oil) was

o
£
T
[-3
. N * 9
Lipoprotein lipase E
=
5
L 2
\ »
PO
T T T
0 8 2

4 1
HOURS AFTER 7AM MEAL

Fig. 7. Postheparin plasma lipoprotein lipase in meal-fed rats before
and after a 7 AM meal. For details see Methods section; (li—i8)
sunflower seed oil-fed animals; (@—@) palm oil-fed animals. Each
timepoint (time after 7 AM meal) represents data from six animals
(mean + SD, as indicated by the bar). Lipoprotein lipase activities
decrease during the night to the level found at 7 AM (data not shown).
*Statistically significant difference in lipase activity between both diets
tested (P < 0.05).
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TABLE 3. Catabolism of palm oil and sunflower seed oil lymph triacylglycerol in chow-fed recipient rats

Ratio of Plasma Triacylglycerol Radioactivity

radioactivity t = 10 min < 100

radioactivity t ~ 1 min

Sunflower Seed Oil
Triacylglycerol

Injected Number of Palm Oil
Lymph Mixture Recipients Triacylglycerol

*H-Labeled palm oil +

1*C-labeled sunflower seed ail 12 34.6 + 12.4 31.4 & 12.4°
*C-Labeled palm oil +
3H-labeled sunflower seed oil 7 43,3 + 9.0 419 + 8.8

Intestinal lymph was collected at room temperature from meal-fed doner rats on palm oil- or sunflower seed oil-
rich diets, fed last meals supplemented with {9,10-*H]oleic acid (40 xCi) or j1-**Cloleic acid (18 pCi). Lymph sam-
ples collected between 2 and 5 hr after meal consumption were mixed 1:1 based on triacylglycerol content and in-
jected intravenously (penal vein; 17.5 pmol of triacylglycerol) into chow-fed recipient animals. Blood was collected
from the tail at t = 1 min (to determine 100% level) and 10 min, and sera were extracted with chloroform-methanol
according to Bligh and Dyer (8). Neutral lipids were separated by TLC and associated radioactivity was determined
by liquid scintillation spectrometry. Percentages of serum radioactivity associated with triacylglycerol were >95%
(at t = 1 min) or >86% (at t = 10 min).

:Statistically significant difference between palm oil and sunflower seed oil in paired two-tailed f-test; P < 0.0001.

P < 0.01.

digested at a slower rate as has been suggested by other
studies under different conditions of fat loading (intra-
duodenal infusion with palmitic and linoleic acid (20} or

glycerol concentration in the gut-derived lipoproteins, we
suggest that the higher plasma triacylglycerol concentra-
tions in palm oil-fed rats are not due to delayed chylo-

ad libitum overnight feeding (21)). Using 2% agarose gel
permeation chromatography, we demonstrated that most
of the triacylglycerol in intestinal lymph, collected after
meal consumption, was associated with large chylo-

g

S S B I B

microns eluted at or near the exclusion volume of the
column. Only a minor fraction (10-15%) was found
associated with VLDL-sized chylomicrons and our data
indicate that this fraction is not much different in palm
oil- and sunflower seed oil-fed animals. Saturated fat feed-
ing has been associated with an increase in VLDL-sized
chylomicrons (20, 22, 23) but these findings are possibly
based on artefacts due to chylomicron disintegration by
cooling down lymph as recently suggested by Renner et
al. (24). Although we also analyzed lymph and serum at
4°C (Renner’s report appeared after this study was com-
pleted) there are no indications in our data that chylo-
micron disintegration had taken place in material from
palm oil-fed animals.

The postprandial responses in plasma triacylglycerol
concentrations in our studies tend to be biphasic, especially
after palm oil meals. Such biphasic triacylglycerol responses
have also been found in humans (25) and associated with

increases in hepatic VLDL synthesis as a consequence of T T T T
- 10 MIN =

o—s PO lymph TG
»—a SF lymph TG

[+
[=]

1

00 F

1

PLASMA RADIOACTIVITY ( PERC. INJECTED DOSE)

chylomicron remnant uptake (26). Assessment in this TIME
study of the contribution of gut and liver to the postpran- Fig. 8. Plasma disappearance of palm oil and sunflower seed oil lymph
dial hypertriglyceridemia indicated that the differences triacylglycerol in chow-fed recigient rats. Palm 9il lyn-.lph and s;.mﬁower
between palm oil- and sunflower seed oil-fed rats are due (1 oick acid, respecively, were eosed 55 descnbed in Table 2 A 11
to chylomicrons as well as hepatic VLLDL and are based mixture, based on triacylg]yc’erol content, of palm oil and sunflower seed
on differences in triacylglyccrol catabolism rather than oil lymph was injected into two chow-fed recipient rats and blood was
synthesis. As no marked differences were found between

collected from the tail at t = 1 min (to determine 100% level injected
i - - A 1 dosejand t = 5, 9, 13, 17, 25, and 31 min. Data are expressed as % of
the two diets tested in the ratio of retinyl esters to triacyl-

initial serum radioactivity. For further details see Table 2 and the text.
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micron remnant clearance but rather to a less efficient
triacylglycerol hydrolysis. Relevant to this conclusion 1s
our finding that the rates of absorption of retinol and tri-
acylglyceral by the gut are comparable throughout the
12-hr observation period as was concluded from the con-
stant ratio of [*H]retinyl esters to triacylglycerol in lymph
collected during this period (results not shown). Under
our experimental conditions, Triton WR 1339 was able to
block the removal from plasma of chylomicron core lipids
completely (Table 2), allowing us to measure plasma en-
trance rates of chylomicron triacylglycerols accurately.
Nagata and Zilversmit (27) recently studied the effective-
ness of Triton WR 1339 to block plasma removal of chylo-
micron core constituents in rabbits. They found that the
blockage is not complete (about 50%) but their experi-
mental conditions were different from ours in the present
study (Triton concentrations 2.5 times lower and much
longer test period).

Our observation that the contribution of hepatic VLDL
to the postprandial hypertriglyceridemia is of a magnitude
comparable with or even larger than the contribution of
intestinal lipoproteins is of interest. Similar findings have
been described by Redgrave and Carlson (28) in humans.
In the present study it was demonstrated that the post-
prandial increase in plasma of hepatic VLDL is not at-
tributable to increased synthesis (which could have been
the result of recycling of exogenous fatty acids taken up
by the liver or the result of increased lipogenesis due to
feeding). We suggest an alternative mechanism. It is well
known that the rate of lipolysis by lipoprotein lipase of
triacylglycerol-rich lipoproteins is related to size (29, 30).
This is reflected in a very short half-life of chylomicrons
as compared to hepatic VLDL. Therefore, we suggest
that chylomicrons are the preferred substrate in the post-
prandial phase, resulting in an accumulation of hepatic
VLDL during periods when both substrates are available.
Subsequent studies on parameters of triacylglycerol
catabolism revealed that rats fed the palm oil diet showed
somewhat lower activities of lipoprotein lipase than sun-
flower seed oil-fed rats, in agreement with earlier observa-
tions (31, 32). However, differences in substrate type may
be more important as sunflower seed oil lymph triacyl-
glycerol is catabolized slightly faster than palm oil lymph
triacylglycerol. Measurements were performed in recipi-
ent animals injected with mixtures of palm oil and
sunflower seed oil lymph labeled in vivo with opposite
C18:1 radioisotope precursors. The use of the same sets of
C18:1 precursors for lymph labeling has obvious advan-
tages as to known identical label stability, but introduces
some risk for bias in results inasmuch as palm oil and
sunflower seed oil contain different proportions of C18:1
(39% and 19%, respectively). However, differences in
position of (18:1 incorporated into palm oil versus
sunflower seed oil lymph triacylglycerol are unlikely to
bias the data as presented in Table 3 as the hydrolysis of
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any fatty acid in a labeled triacylglycerol species is scored
in our analysis method.

The mechanism by which small differences in catabolic
rate between palm oil and sunflower seed oil lymph triacyl-
glycerol could result in marked differences in postprandial
plasma triacylglycerol concentrations needs special com-
ment. Postprandial concentrations of triacylglycerol in
plasma as observed in the present study are high (1-4
mM) compared to the K, for triacylglycerol of muscle
and adipose tissue lipoprotein lipase (0.07 mM and 0.7
mM, respectively) (33). This suggests that the lipolytic
system in our rats is quite well saturated with substrate
and indicates that a rise in substrate concentration will not
result in a markedly increased flux. Under those condi-
tions, small differences in rate of lipolysis of different
substrates may lead to marked differences in dynamic
concentrations of these substrates and this phenomenon
may explain our data. The reason why sunflower seed oil
chylomicrons are catabolized faster than palm oil chylo-
microns may lie in the fatty acid composition of the tri-
acylglycerol moieiy. It has been shown recently (34) that
the rate of lipolysis of chylomicrons in vivo varies with the
degree of saturation of fatty acids present on the 3 posi-
tion of glycerol in triacylglycerols. Hepatic VLDL may
behave similarly, as marked effects in triacylglycerol fatty
acid composition are expected between animals raised on
palm oil or sunflower seed oil. In conclusion, the relative
hypertriglyceridemia found in palm oil-fed rats is due to
a less efficient triacylglycerol catabolism and not to in-
creased rate of synthesis of plasma triacylglycerol. £l

The authors would like to thank Mr. J. Don, Mr. L. M. Scheek,
and Mr. W. van Nielen for their technical assistance and Miss
S. Cox for secretarial work. Dr. H. Janson is acknowledged for
supplying anti-rat-hepatic lipase IgG and Dr. D. Ellis for read-
ing the manuscript.

Manuscript received 2 September 1986, in revised form 31 August 1987, and in
re-revised form 16 November 1967.

REFERENCES

1. Zilversmit, D. B. 1979. Atherogenesis: a postprandial
phenomenon. Circulation. 60: 473-485.

2. Ross, A. C., and D. B. Zilversmit. 1977. Chylomicron rem-
nant cholesteryl esters as the major constituent of very low
density lipoproteins in plasma of cholesterol-fed rabbits.
J- Lipid Res. 18: 169-180.

3. Nestel, P. J, T. Billington, and J. Bazelmans. 1985.
Metabolism of human plasma triacylglycerol-rich lipopro-
teins in rodent macrophages: capacity for interaction at -
VLDL receptor. Biochim. Biophys. Acta. 837: 314-324.

4. Van Lenten, B. J., A. M. Fogelman, R. L. Jackson,
S. Shapiro, M. E. Haberland, and P. A. Edwards. 1985.
Receptor-mediated uptake of remnant lipoproteins by
cholesterol-loaded human monocyte-macrophages. /. Biol.
Chem. 260: 8733-8788.

5. Zilversmit, D. B. 1984. Postprandial hyperlipidemia and its
relation to atherogenesis. In Latent Dyslipoproteinemias
and Atherosclerosis. J. L. de Gennis et al., editors. Raven
Press, New York. 1-8.

2T0Z ‘6T aunr uo ‘1sanb Ag 610 Jj-mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

20.

Redgrave, T. G. 1984. Postprandial remnants and their re-
lation to atherosclerosis. /n Latent Dyslipoproteinemias
and Atherosclerosis. J. L. de Gennis et al., editors. Raven
Press, New York. 9-15.

Vles, R. O., G. M. Byster, J. S. Kleinekoord, W. G.
Timmer, and J. Zaalberg. 1976. Nutritional status of low-
erucic-acid rapeseed oils. Feite Setfen Anstrichm. 78: 128-131.
Bligh, E. G., and W. J. Dyer. 1959. A rapid method of total
lipid extraction and purification. Can. J. Biochem. Physiol.
37: 911-917.

Jansen, H., A. van Zuylen-Van Wiggen, and W. C. Huls-
mann. 1973. Lipoprotein lipase from heart and liver: an
immunological study. Biochem. Biophys. Res. Commun. 55:
30-37.

Pedersen, M. E., L. A. Wolf, and M. C. Schotz. 1981. Hor-
monal mediation of rat heart lipoprotein lipase activity
after fat feeding. Biochim. Biophys. Acta. 666: 191-197.
Lambert, R. 1965. In Surgery of the Digestive System in
the Rat. Charles C. Thomas, Springfield, IL. 184-204.
Hazzard, W. R., and E. R. Bierman. 1976. Delayed clear-
ance of chylomicron remnants following vitamin A-containing
oral fat loads in broad-8 disease. Metabolism. 25: 777-801.
Berr, ¥, and F. Kern, Jr. 1984. Plasma clearance of
chylomicrons labeled with retinyl palmitate in healthy
human subjects. J. Lipid Res. 25: 805-812.

Melchior, G. W., R. W. Mahley, and D. K. Buckhold. 1981.
Chylomicron metabolism during dietary-induced hyper-
cholesterolemia in dogs. J. Lipid Res. 22: 598-609.
Zilversmit, D. B,, R. E. Morton, L. B. Hughes, and K. H.
Thompson. 1982. Exchange of retinyl and cholesteryl esters
between lipoproteins of rabbit plasma. Biochim. Biophys.
Acta. 712: 88-93.

Sata, T., D. L. Estrich, P. D. S. Wood, and L. W. Kinsell.
1970. Evaluation of gel chromatography for plasma lipo-
protein fractionation. J. Lipid Res. 11: 331-340.

Otway, S., and D. S. Robinson. 1967. The use of a non-
ionic detergent (Triton WR 1339) to determine rates of tri-
glyceride entry into the circulation of the rat under different
physiological conditions. J. Physiol 190: 321-332.

Palmer, J. F., C. Cooper, and R. A. Shipley. 1978. Rate of
release of hepatic triacylglycerol in serum in the starved rat,
Biochem. J. 172: 219-226.

Kalopissis, A. D., S. Griglio, M. I. Malewiack, and
R. Rozen. 1981. Effect of a high-fat diet on rat very low
density lipoprotein secretion. Biochim. Biophys. Acta. 620:
111-119.

Ockner, R. K., J. P. Pittman, and J. R. Yager. 1972. Differ-
ences in the intestinal absorption of saturated and unsatu-
rated long chain fatty acids. Gastroenterology. 62: 981-992.

Groot et al,

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Hiilsmann, W. C., and W. J. Kort. 1983. Saturated fat feed-
ing, hyperlipidemia and hyperinsulinemia. Biochim. Biophys.
Acta. 754: 231-237.

Ockner, R. K., and A. L. Jones. 1970. An electron
microscopic and functional study of very low density
lipoproteins in intestinal lymph. J. Lipid Res. 11: 284~292.
Ockner, R. K., F. B. Hughes, and R. J. Isselbacker. 1969.
Very low density lipoproteins in intestinal lymph: role in
triglyceride and cholesterol transport during fat absorption.
J. Clin. Invest. 48: 2367-2372.

Renner, F., A. Samuelson, M. Rogers, and R. M. Glick-
man. 1986. Effects of saturated and unsaturated lipid on the
composition of mesenteric triglyceride-rich lipoproteins in
the rat. /. Lipid Res. 27: 72-81.

Olefsky, ]J. M., P. Crapo, and G. M. Reaven. 1976. Post-
prandial plasma triglyceride and cholesterol responses to a
low-fat meal. Am. J. Clin. Nutr. 29: 535-539.

Van Zuiden, P. E. A., S. K. Erickson, and A. D. Cooper.
1983. Effect of removal of lipoproteins of different composi-
tion on hepatic 3-hydroxy-3-methylglutaryl coenzyme A
reductase activity and hepatic very low density lipoprotein
secretion. J. Lipid Res. 24: 418-428.

Nagata, Y., and D. B. Zilversmit. 1987. Blockade of intes-
tinal lipoprotein clearance in rabbits injected with Triton
WR 1339-ethyl oleate. J. Lipid Res. 28: 684-692.
Redgrave, T. R., and L. A. Carlson. 1979. Changes in
plasma very low density and low density lipoprotein con-
tent, composition, and size after a fatty meal in normo- and
hypertriglyceridemic man. J. Lipid Res. 20: 217-229.
Grundy, 8. M., and H. Y. I. Mok. 1976. Chylomicron
clearance in normal and hyperlipidemic man. Metabolism.
25: 1225-1239.

Nicolls, A, and B. Lewis. 1980. Evaluation of the roles of
lipoprotein lipase and hepatic lipase in lipoprotein metab-
olism: in vivo and in vitro studies in man. Eur [ Clin
Invest. 10: 487-495.

Pawar, S. 8., and H. D. Tidwell. 1968. Effect of ingestion
of unsaturated fat on lipolytic activity of rat tissues. J. Lipid
Res. 9: 334-336.

Cryer, A, J. Kirtland, H. M. Jones, and M. I. Gurr. 1978.
Lipoprotein lipase activity in the tissues of guinea pigs
exposed to different dietary fats from conception to three
months of age. Biochem. J. 170: 169-172.

Fielding, C. J., and R. J. Havel. 1977. Lipoprotein lipase.
Arch. Pathol. Lab. Med. 101: 225-229,

Redgrave, T. R., and D. R. Kodali. 1985. Effects of triacyl-
glycerol structure on the metabolism on chylomicrons and
emulsion models of chylomicrons. Abstracts of 7th Inter-
national Symposium on Atherosclerosis. Melbourne, Aus-
tralia. No. 235.

Chylomicron and VLDL metabolism in the postprandial state 551

2T0Z ‘6T aunr uo ‘1sanb Ag Bio Jj-mmm woly papeojumoq


http://www.jlr.org/

