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Quantification in vivo of the effects of different types of dietary fat on the
loci of control involved in hepatic triacylglycerol secretion
Alison M. B. MOIR,* Byung-Sung PARK and Victor A. ZAMMITt
Hannah Research Institute, Ayr KA6 5HL, Scotland, U.K.

Polyunsaturated fatty acids (PUFA) have been suggested to
exert their hypotriglyceridaemic effect through several possible
mechanisms that would be expected to decrease the rate of
hepatic very-low-density-lipoprotein-triacylglycerol secretion.
We have quantified the role played in vivo by changes in the
pattern of partitioning of (i) acyl-CoA between oxidation and
esterification, (ii) diacylglycerol between synthesis of triacyl-
glycerol and of the major phospholipids, and (iii) triacylglycerol
between secretion and storage within the liver, in response to two
dietary levels of n -6 and n -3 PUFA. In order to achieve this
we used the technique of selective labelling of hepatic fatty acids
in vivo. Compared with a predominantly saturated fatty acid
diet, both n -6 and n -3 PUFA intake resulted in a decrease in
the proportion of acyl moieties that were secreted by the liver,

INTRODUCTION

The ability of dietary polyunsaturated fatty acids (PUFA),
particularly of the n -3 series, to decrease plasma triacylglycerol
(TAG) and cholesterol concentrations for a given level of fat
intake is well established [1-3]. Multiple mechanisms have been
proposed to account for this effect, including the decreased
secretion of very-low-density lipoprotein (VLDL)-TAG by the
liver [4,5], increased lipoprotein lipase activity in peripheral
tissues [6] and an increased rate of clearance of apolipoprotein B
(apoB)-containing lipoproteins from the circulation [7]. Of these
possibilities, the one that has attracted most attention has been
the mediation by fish oil diets rich in n -3 fatty acids, and
particularly in eicosapentanoic acid (EPA), of a decrease in
VLDL-TAG secretion by the liver. This effect of n -3 fatty acids
has been suggested to occur in the livers of many species and is
thought to be involved in the lipid-lowering effects of fish-oil-
based diets in humans [8].
Any decrease in the rate of secretion of VLDL-TAG by the

liver would be expected to reflect the overall result of a decrease
in the supply of fatty acids and/or the diversion of acyl moieties
away from TAG secretion through the sequential set of
partitionings of flux at several hepatic metabolic branch points.
The major ones are: (i) the partitioning of cytosolic acyl-CoA
between esterification to the glycerol moiety and oxidation; (ii)
the partitioning of diacylglycerol (DAG) between the formation
of the major phospholipids and of triacylglycerol; and (iii) the
partitioning of TAG between the secretory pathway and the
cytosolic pool.

In numerous studies, all of these three major branch points
have been variously suggested to be affected by PUFA-rich diets.
The increased diversion of hepatic fatty acid metabolism into

through an increased diversion of acyl-CoA towards oxidation
and a lower fractional rate of secretion of newly synthesized
triacylglycerol. In addition, a diet rich in n -3 fatty acids resulted
not only in a greater magnitude of these effects but also in a
doubling of the partitioning of diacylglycerol towards phospho-
lipid labelling. It is shown that the overall 50% reduction
achieved by fish oil feeding in the proportion of acyl groups that
were secreted by the liver was distributed over all three branch
points. The contribution of each of these adaptations was
quantified. The application of such an approach, i.e. the locali-
zation and in vivo quantification of the importance of loci of
control, in studies on dietary and pharmacological agents that
affect lipaemia, is discussed.

peroxisomal and/or mitochondrial oxidation [9-11], together
with induction of carnitine palmitoyltransferase I (CPT I) activity
[12,13], have been described. The activities of key enzymes of
DAG synthesis have been found to be either decreased (e.g.
phosphatidate phosphohydrolase [12]) or increased (e.g. glycerol
3-phosphate acyltransferase; see [14]) by PUFA-rich diets.
The diminished ability of liver homogenates to hydrolyse
phosphatidate has been claimed to account for the lowering of
plasma TAG levels in fish-oil-fed rats [15,16]. Several studies
have described the preferential incorporation of PUFA them-
selves into phospholipids rather than into TAGs and, perhaps
more importantly, to enhance the diversion of overall DAG
metabolism towards phospholipid synthesis [17,18]. A direct
effect of n-3 fatty acids on the partitioning of TAG between
intrahepatic storage and secretion has been suggested through
the observation of an increased rate of degradation of apoB in
hepatocytes isolated from fish-oil- or EPA-fed rats [19,20].

Because these various observations (only a small representative
sample of which are cited above) were obtained almost entirely
through the use of in vitro preparations, ranging from crude liver
homogenates [21] to isolated mitochondria [11], isolated cells [17]
and perfused liver preparations [5], it has not been possible to
obtain a quantitative assessment of the relative importance, if
any, of each of the individual possible mechanisms in the
physiological setting in vivo. Such in vitro preparations, although
useful in the identification of candidate control points, are
necessarily studied under highly artificial conditions (see [22,23]).
Moreover, individual studies have often focused on only selected
aspects of fatty acid partitioning.

In view of the obvious need to assess quantitatively the relative
degree of control exerted at each of these branch points in vivo,
we have applied the technique of selective labelling of hepatic
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fatty acids in vivo [22,23] to rats maintained on diets of different
fatty acid compositions. This recently developed method enables
the monitoring of the partitioning of hepatic fatty acid metab-
olism (and in particular that of [14C]oleate) in awake, unrestrained
rats, i.e. under entirely physiological conditions. In the present
study, it has enabled us to assess quantitatively how each of the
partitioning steps is affected in relation to the lipid-lowering
effects of the different diets.

before the determinations were performed. An initial blood
sample (0.2 ml) was taken to measure TAG and NEFA concen-
trations and 1 ml of a 10% solution of Triton WR-1339 in saline
was injected into the animals through the jugular cannula.
Successive samples of blood (0.1 ml) were withdrawn through
the cannula at 30, 60 and 90 min for measurement of TAG
accumulated in the plasma. Rates of appearance of TAG were
linear during this period.

MATERIALS AND METHODS

Animals
Female Wistar rats (initial body wt. 120-130 g) were housed in
wire-bottomed cages and maintained under a 12 h light/12 h
dark cycle. They were randomly assigned to one of four diet
groups. Each diet was based on a fat-free (21 % casein, 53 %
sucrose, 16% corn starch, 5 % alphacel) powdered, mineral- and
vitamin-supplemented diet (fat-free diet AIN-76A; ICN Bio-
chemicals) to which was added (10% by wt.) one of the four
different fats studied: lard, corn oil, safflower oil or menhadden
oil. The lard diet contained 0.25 % corn oil to prevent essential
fatty acid deficiency. The diets were prepared fresh every 2 days.
The animals were maintained on the respective diets for 25 days.
Food intake (average 14.7 g per rat per day) was very similar for
all four groups of animals, as was the weight gain (average 2.8 g

per day). At the time of the experiment, the rats weighed
190-200 g. When intravenous injections were to be performed
[see (i) and (iii) below], the animals were anaesthetized and fitted
with a jugular cannula 4 days before being used, by which time
their food intake had returned to normal.

Three series of experiments were performed on separate sets of
animals: (i) to monitor the partitioning of hepatic fatty acid
metabolism, (ii) to measure plasma and liver concentrations of
cholesterol, TAG and non-esterified fatty acids (NEFA), and (iii)
to measure the rate of hepatic secretion of TAG. Animals for (i)
and (ii) were used in the fed, absorptive state, 2-8 h into the light
phase of the light/dark cycle; those in series (ii) were anaes-

thetized with pentobarbitone (60 mg per kg body wt.) before
tissue samples were obtained. The rates of appearance of TAG
(series iii) were measured in post-absorptive rats (i.e. 6-8 h into
the light phase) so as to minimize the contribution of intestinal
secretion of chylomicron-TAG.

Monitoring of hepatic fatty acid partitioning
This was performed as described in [22]. Briefly, a pulse of
[1-14C]oleate was generated in the livers of the experimental
animals by the intravenous injection (through the jugular can-

nula) of VLDL and chylomicron remnant lipoproteins labelled
with cholesteroyl [1-14C]oleate. The fate of the [14C]oleate gener-
ated intrahepatically through the hydrolysis of the ester was

monitored over the first 60 min by collection of 14CO2 in the
exhaled air and by measuring the incorporation of 14C into
hepatic and plasma glycerolipids, after injection of Triton WR-
1339 (at 15 min) into the animals. The preparation of apoC-poor
VLDL and chylomicron remnants, and their labelling with
cholesteryl [1-_4C]oleate and [3H]cholesteroyl ether, were per-
formed as described previously [22] except that the lipoproteins
were separated from the labelling and KBr-containing media by
gel filtration on a column (1 cm x 20 cm) of Sephadex G-25
equilibrated with 0.15 M NaCl.

Rate of TAG secretion

A parallel set of experiments was performed on post-absorptive
rats (see ii, above). Food was removed from the animals 6-8 h

Analyses
Separation and analysis of lipids extracted from the liver and
plasma were performed as described previously [22]. Lipid
extracts of the diets were performed by the same standard
procedures and analysis of the fatty acid composition of the
TAGs was performed by gas-liquid chromatography after
hydrolysis and formation of the methyl esters. Commercially
available kits were used to measure TAG (Sigma, Poole, Dorset,
U.K.), NEFA (NEFAC, Wako Chemicals, Neuos, Germany)
and cholesterol (Boehringer Mannheim, Lewes, E. Sussex, U.K.).
Phospholipid phosphorus was measured as in [24].

Statistical analysis
Unpaired Student's t test was used throughout.

RESULTS AND DISCUSSION
The aim of the present study was not to describe the effects of the
various diets on liver and plasma lipid parameters (which are
very well documented; see the Introduction). Rather, it was to
quantify the extent to which control is exerted at each of the
possible sites that have been individually suggested to be involved
in determining the flux ofTAG towards secretion by the liver in
rats fed diets enriched in different types of fatty acids (see Table
1 for composition). However, several observations of interest
emerged from our plasma and liver analyses. Thus it is evident
(Table 2) that rats maintained on the fish oil diet showed the

Table 1 Fatty acid compositions of corn oil, safflower oil, menhadden oil
and lard
The various fats were added (10%, w/w) to a fat-free powdered diet. The analyses were
performed as described in the Materials and methods section.

Content (% of total fatty acids)

Fatty acid Lard Safflower oil Menhadden oil Cern oil

C14:0
C16:0
Cl16:1
C18.0
C18:1,,..9
C18:2,7.6
C18:3,r3
C20:3
C20:4
C20:5,n--3
C22:5,f3
C22 :6,f,,3

Saturated
Monosaturated
Polyunsaturated
n-3
n-6

1.7
24.3
3.9

14.1
43.2
10.7
1.8

< 0.1
0.2

<0.1
<0.1
<0.1

0.1
7.1

2.3
14.6
74.4
1.2
0.2

<0.1
0.2

9.7
21.4
15.2
5.3

15.9
3.2
3.5
0.5
2.6

14.1
1.8
6.9

<0.1
9.6

1.9
29.0
56.4
2.7
0.1

0.4

11.5
29.0
60.0
3.1

56.4

40.1 9.5 36.4
47.1 14.6 31.0
12.9 76.0 32.6
1.9 1.4 26.3

10.7 74.4 3.2
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Table 2 Plasma and liver lipid concentrations in animals fed diets rich In diferent fatty acids
Samples were obtained either from absorptive rats (A) 2-3 h into the light period or from post-absorptive rats (PA) 6-8 h into the light period. Values are means+S.E.M. for 3-6 determinations.
Values that are significantly different (P < 0.01) from those observed in animals fed on lard are indicated by an asterisk.

Plasma Liver

TAG NEFA Cholesterol TAG Cholesterol Phospholipid
Diet (mM) (mEq/l) (mM) (mg/g) (mg/g) (/,Imol/g)

Lard

Corn oil

Safflower oil

Menhadden oil

A 1.28+0.14
PA 0.58+0.10
A 1.35 + 0.20
PA 0.69+0.11
A 1.01 +0.20
PA 0.37 +0.06
A 0.27 +0.05*
PA 0.43 + 0.03

0.18 +0.04
0.35 + 0.04
0.19 +0.03
0.43 + 0.03
0.25+ 0.05
0.40 + 0.06
0.10+ 0.03*
0.39 + 0.03

largest depression of plasma TAG in the absorptive phase
(against all other diets) rather than in the post-absorptive phase
(versus lard and corn oil diets). As expected, the plasma
cholesterol concentration was also depressed in rats maintained
on a fish oil diet (Table 2). There were no differences between the
different groups in plasma NEFA concentrations in post-
absorptive rats, but in absorptive rats (in which the concentra-
tions were generally lower) NEFA concentrations were sig-
nificantly depressed in the menhadden-fed group (cf. [25]). There
were no significant differences in hepatic TAG, cholesterol or
phospholipid content between rats maintained on any of the
diets; although animals fed on menhadden oil tended to have
higher hepatic TAG levels (Table 2). Other studies have found
variable effects of dietary fish oil on liver TAG content (see
[18,26,27]).

Partitioning of hepatic fatty acid metabolism in vivo
The use ofselective labelling of hepatic fatty acids in vivo enabled
the quantification of their partitioning in terms of (i) the
oxidation-to-esterification ratio, (ii) the phospholipid-to-TAG
ratio, and (iii) the fractional rate of secretion of TAG labelled
during the effective pulse of [14C]oleate given to the liver. Direct
measurement of intrahepatic and secreted [14C]glycerolipids
(which accumulated in the plasma after Triton WR-1339 in-
jection) were obtained for the same animals (see [22,23]).

Oxidation and esterification
As expected from the fact that all the animals were studied in the
early post-absorptive phase (2-3 h into the light phase, i.e. in the
'fed' state), the proportion of the cholesteryl ester metabolized in
the liver that was recovered in esterification products (plasma
and liver) was greater than that which was oxidized (cf [28]).
However, there was a large difference between the proportion
that was metabolized to glycerolipids in lard-fed animals (76.9 %)
and that observed for fish-oil-fed animals (57.2 %), correspond-
ing to esterification/oxidation ratios of 3.1 and 1.1 respectively.
The safflower oil and corn oil diets gave intermediate values. This
observation implies that partitioning of acyl-CoA towards
glycerolipid formation is inhibited by 10%, 14% and 25% in
livers of animals maintained on corn, safflower and menhadden
oils respectively compared with lard-fed rats. The decrease in the
proportion of acyl-CoA committed to esterification reflects the
increased oxidative capacity of the liver (see the Introduction). In

0.94 + 0.07

0.86 + 0.06

0.82 + 0.13

0.54 + 0.01*

5.8+0.6 1.2+0.1

4.7+ 0.4 1.1 + 2.5

6.5+0.9 1.2+0.1

8.1 +1.1 1.1 + 0.1

19.4 + 0.6

19.6 +1.7

16.2 + 0.7

19.3 + 0.7

particular, several studies have shown that fish-oil-based diets
result in a 25-50% increase in the activity of CPT I [12,13,29].
Although such an increase was not observed by Wong et al. [30],
these authors described a marked decrease in the sensitivity of
CPT I to malonyl-CoA, which, together with a lower hepatic
malonyl-CoA concentration in the liver [31], would favour the
use of acyl-CoA for oxidation. It might appear surprising that, in
spite of these various adaptations of the oxidative pathway
(including an increase in peroxisomal oxidation; see the In-
troduction), the overall result is only a modest decrease (25 %)
in the partitioning of acyl-CoA towards esterification by
menhadden oil feeding. This may be due to the other changes
that occur concomitantly in the livers of fish-oil-fed rats that
would be expected to counteract the effects of an increased
capacity for fatty acid oxidation. Thus the activities of both
microsomal and mitochondrial glycerol-3-phosphate acyltrans-
ferases, which compete for cytosolic acyl-CoA, are increased
[9,30,31], although phosphatidic acid phosphatase activity is
generally decreased by dietary PUFA [32]. Our in vivo data
suggest that these opposing changes in the activities of the
enzymes involved in DAG synthesis may limit the contribution
made by the acyl-CoA partitioning step towards the overall
hypotriglyceridaemic effect of PUFA intake.

TAG and phospholipid labelling
The 14C label incorporated into phospholipid as a proportion of
total acylglyceride labelling was very similar (also compare with
values for chow diet [28,33]) in the livers of rats maintained on
all the diets except menhadden oil. Thus rats fed the fish oil diet
had a phospholipid/total glycerolipid labelling ratio that was
more than double that observed for the other diets. Because of
the fact that incorporation of label into phospholipid from the
preformed (exogenous) hepatic fatty acid pool is normally very
low [22,28,33] (see also work on hepatocytes [34]), this doubling
of the diversion of labelled DAG towards phospholipid had only
a modest effect on the fraction of the total glycerolipid-associated
label that was found in TAG (0.77 for menhadden oil diet versus
0.90 for lard diet). Therefore, compared with the lard diet, the
menhadden oil diet resulted in only a 15% decrease in the
proportion of [14C]DAG that entered the TAG pools. However,
the effect is exerted cumulatively on top of the 25% inhibition in
the partitioning of acyl-CoA towards esterification. Conse-
quently, the overall result is amplified. It is noteworthy, however,
that contrary to the case at the acyl-CoA partitioning step
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Table 3 Effect of dietary fat on glycerollpid partitioning In rat liver
Rats were used 2-3 h into the light phase. They were injected (through an indwelling jugular
catheter) with cholesteryl [1-14C]oleate-labelled remnant lipoproteins (see the Materials and
methods section). After 15 min Triton WR-1339 was injected, and after a further 45 min
samples of liver and plasma were obtained. Values are means (± S.E.M.) for four animals in
each group. Values that are statistically significantly different from those obtained for lard-fed
rats are indicated by an asterisk (P < 0.01).

Total glycerolipids
(% of cholesterol Phospholipid
[14C]oleate (% of total TAG secreted
metabolized in glycerolipid (% of total

Diet liver) labelled) TAG labelled)

Lard
Corn oil
Safflower oil
Menhadden oil

76.9 + 4.0
69.2 + 4.1
66.6 + 6.7
57.2 + 4.8*

9.6 +1.0
9.7 + 0.4

11.4 + 1.0
23.1 +1.8*

66.6 + 3.5
65.6 + 3.5
59.3 + 3.1
52.9 + 4.3*

Table 4 Comparison of the proportion of 14C label secreted as TAG after
selecffve labelling of hepatic fatty acids and the absolute rate of TAG
appearance in post-absorptve rats
Values are means (± S.E.M.) for four determinations in each series of experiments. Those that
are statistically significantly different from values for lard-fed rats are indicated by *P < 0.05
or **P < 0.01.

[14C]TAG secreted
(% of cholesterol
[14C]oleate TAG appearance

Diet metabolized in liver) rate (,umol/h)

Lard
Corn oil
Safflower oil
Menhadden oil

46.5 + 3.8
41.1 +4.0
34.9+3.2*
23.6 + 3.4**

45.2 + 3.6
45.9 + 2.1
34.7 + 2.3*
30.6+ 1.6**

(above), only the fish oil diet had any effect on the partitioning
of DAG. This is in keeping with the exclusive property of EPA
to inhibit DAG acyltransferase activity through a direct in-
hibitory effect of eicosapentanoyl-CoA [2,35], although the
expression of DAG acyltransferase (measured with other acyl-
CoA substrates) is either unchanged or increased [9,29,36].
The opposing effects of increased DAG acyltransferase ex-

pression and the direct effect of EPA-CoA on enzyme activity
appear to result in a much more modest net effect on the
partitioning ofDAG in vivo than has been predicted from in vitro
enzymological studies (see above). In previous studies, conducted
on in vitro liver preparations, much larger effects of pure EPA on

phospholipid-to-TAG partitioning were observed, presumably
because of the high concentrations of EPA used as the sole fatty
acid source (see e.g. [17]). At these concentrations, both the
inhibition of DAG acyltransferase by EPA-CoA and the mass

action effect of the preferential incorporation of PUFA into the
sn-2 position of phospholipids (see [37]) would be expected to be
operative. In this context it is to be emphasized that in the
present study the '4C label was associated with oleate and,
therefore, such direct effects will not have been contributory
factors. The concentrations of EPA experienced by the liver in
vivo would be expected to be much lower than those used for cell
incubations in vitro.

Fractional rate of TAG secretion
The last metabolic branch point at which TAG secretion by the
liver can be inhibited is through a greater degree of incorporation
of newly synthesized TAG into the cytosolic pool at the expense
of secretion (see [34]). The data in Table 3 indicate that the livers
of lard-fed rats secreted the highest proportion (66.6 %) of the
newly labelled TAG. The fractional rate of secretion was not
significantly different from this value in the livers of corn-oil- and
safflower-oil-fed rats, but the menhadden oil diet decreased it
significantly (Table 3), such that the fractional rate of secretion
of the newly labelled TAG was inhibited by 21 % by this diet
when compared with lard-fed rats.

Correlation between TAG secretion rates and partitioning of 14C
label Into secreted TAG
Studies performed on isolated perfused rat liver and isolated
hepatocytes have shown that the rates of uptake of PUFA and
other fatty acids (e.g. oleate) by these preparations are very

similar when equivalent concentrations of the respective NEFA
are supplied exogenously [5,38]. It would be anticipated, there-
fore, that when the rate of delivery of NEFA to the liver in vivo
is similar in different experimental groups of animals, the
partitioning of the label observed in our experiments should
provide reasonably quantitative estimates of the relative overall
hepatic fluxes of fatty acids into the various pathways. The data
in Table 2 indicate that plasma NEFA concentrations are very
similar in rats fed on different fat diets when they are sampled in
the post-absorptive state. Consequently, during this period, the
rate of TAG secretion by the livers of the different groups of
animals should be determined primarily by the pattern of
partitioning of acyl-CoA at the three metabolic branch points
studied, as the availability ofNEFA is very similar. In particular,
for any given level of plasma NEFA, the fraction of the label
metabolized in the liver that appears as secreted [14C]TAG
should be quantitatively related to the absolute rate of hepatic
TAG secretion. This is borne out by the data in Table 4, in which
the experimentally determined rates of TAG secretion in the
post-absorptive state are presented alongside the proportion of
the [1_14C]oleate label metabolized that was secreted into the
plasma when hepatic fatty acids were selectively labelled in vivo.
This correlation occurred even though the two sets ofexperiments
were performed at different phases of the prandial/absorptive
cycle. Thus measurement of hepatic TAG secretion rates had to
be performed in the post-absorptive phase to minimize in-
terference from intestinal TAG secretion, whereas in vivo labelling
of hepatic fatty acids was performed on 'fed' rats, i.e. in the
absorptive phase. Menhadden-oil-fed rats showed the lowest rate
of TAG secretion by the liver in the post-prandial period and
were also the ones that channelled the lowest proportion of label
into secreted TAG (Table 4). It is to be stressed that the latter
adaptation would be expected to result in an even bigger
difference between fish-oil-fed and lard-fed rats in the absolute
rate ofhepaticTAG secretion during the absorptive state because,
in that state, the plasma NEFA concentration of the former is
also significantly lower (Table 2), such that a smaller proportion
of a lower rate of NEFA delivery to the liver would be secreted.
Such combined effects could contribute towards the achievement
of the much lower plasma concentrations of TAG observed in
these animals in the absorptive phase (Table 2).
The effect of dietary fish oil, and especially of its n -3 fatty

acid content, on the diversion of TAG away from the secretory
pathway is presumed to be due to the ability ofPUFA to increase
the rate of degradation of apoB, as observed in experiments
using cultured rat hepatocytes [39]. (The levels of apoB mRNA
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Figure 1 Quantiffeation of the partftfoning of flux of acyl moieties at the
three major branch points involved in fatty acid utilization (for oxidation or
glycerolipid synthesis) in rat liver

The overall utilization of falty acid (generated from exogenous NEFA) is set at 1.0 for each
condition. The numbers against each branch of metabolism relate to the proportion of this total
flux that would be expected to enter each pathway, as assessed from the partitioning data
obtained in vivo. The contribution of each successive partition to the overall proportion of the
labelled TAG that is secreted by the liver in animals fed the different diets is demonstrated. PC,
phosphatidylcholine; PE, phosphatidylethanolamine.

[19] and the rate ofsynthesis ofthe protein [39] remain unaltered.)
In HepG2 cells, low concentrations of EPA affect overall apoB
expression to a much greater degree than apoB (and associated
TAG) secretion [20], suggesting that the primary effect of EPA is
to enhance intracellular degradation of apoB.

Overall effect of diets

The contributions of the adaptations at each of the metabolic
branch points towards the overall effects of the diffeient diets
are quantified in Figure 1. It can be seen that dietary menhadden
oil achieves a 58% reduction in the proportion of label that is
secreted as [14C]TAG from the liver, compared with lard, with
intermediate values for the corn oil and safflower oil diets. It can
be computed that for the fish oil diet the overall effect is achieved
by the multiplicative effects of decreases (compared with the lard
diet) of 29.5 %, 15.6% and 25.8% in the degree of partitioning
of acyl-CoA, DAG and TAG respectively towards that pro-

portion of the acyl moiety that follows the pathway leading to
TAG secretion. Therefore the increased diversion of acyl-CoA
towards oxidation and the increased intracellular retention of
TAG at the expense of secretion make an approximately equal
contribution, whereas the effect of increased diversion of DAG
towards phospholipid synthesis contributes about a fifth of the
overall effect.
The value of the type of experimental approach adopted here

is that it quantifies the distribution of control exerted by a
physiological variable such as diet and demonstrates how the
large and apparently dominant effects suggested from experi-
ments conducted in vitro (see, e.g. [15,16]) are tempered in vivo to
provide a much wider spread of metabolic control (see [8]). It
should be possible to apply the same principles to identify the in
vivo mode(s) of action (and the time span over which they act) of
specific fatty acids and hypolipidaemic drugs.

In the present study we have used commercially available
cholesteryl [1-14C]oleate to deliver label specifically to the liver. It
should be possible to study the fate of other fatty acids by using
the appropriately labelled cholesteryl esters. In this manner it
should be possible to study the effects of diets enriched in a
particular fatty acid not only on its own metabolism but also on
the metabolism of a second fatty acid of different chain length
and/or degree and type of unsaturation.
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