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Abstract

Aims/hypothesis. Insulin resistance for glucose me-
tabolism is associated with hyperlipidaemia and high
blood pressure. In this study we investigated the ef-
fect of primary hyperlipidaemia on basal and insulin-
mediated glucose and on non-esterified fatty acid
(NEFA) metabolism and mean arterial pressure in
hyperlipidaemic transgenic mice overexpressing apo-
lipoprotein C1 (APOC1). Previous studies have
shown that APOCI transgenic mice develop hyper-
lipidaemia primarily because of an impaired hepatic
uptake of very low density lipoprotein (VLDL).

Methods. Basal and hyperinsulinaemic (6 mU -
kg - min™), euglycaemic (7 mmol/l) clamps with 3-
SH-glucose or 9,10-*H-palmitic acid infusions and in
situ freeze clamped tissue collection were carried out.
Results. The APOCI mice showed increased basal
plasma cholesterol, triglyceride, NEFA and decreased
glucose concentrations compared with wild-type mice
(7.0+1.2vs1.6 £0.1,9.1 +23vs 0.6 £ 0.1,1.9 £ 0.2 vs
0.9+0.1and7.0 £ 1.0vs 10.0 = 1.1 mmol/l, respective-
ly, p < 0.05). Basal whole body glucose clearance was
increased twofold in APOCI1 mice compared with
wild-type mice (18+2 vs 10+1ml- kg!'- min,
p <0.05). Insulin-mediated whole body glucose up-
take, glycolysis (generation of *H,0) and glucose stor-
age increased in APOCI mice compared with wild-
type mice (339 =28 vs 200 + 11; 183 £ 39 vs 128 + 17

and 156 + 44 vs 72 + 17 umol - kg™! - min™!, p < 0.05,
respectively), corresponding with a twofold to three-
fold increase in skeletal muscle glycogenesis and de
novo lipogenesis from 3-*H-glucose in skeletal muscle
and adipose tissue (p <0.05). Basal whole body
NEFA clearance was decreased threefold in APOC1
mice compared with wild-type mice (98 +21 vs
314 £ 88 ml - kg™' - min™!, p < 0.05). Insulin-mediated
whole body NEFA uptake, NEFA oxidation (genera-
tion of *H,0) and NEFA storage were lower in
APOCI mice than in wild-type mice (15 + 3 vs 33 + 6;
3+2vsll+4and 12 +2vs22 +4 umol - kg™! - min™!,
p < 0.05) in the face of higher plasma NEFA concen-
trations (1.3 0.3 vs 0.5 + 0.1 mmol/l, p <0.05), re-
spectively. Mean arterial pressure and heart rate
were similar in APOCI vs wild-type mice (82 + 4 vs
85 + 3 mm Hg and 459 + 14 vs 484 + 11 beats - min™).
Conclusions/interpretation. 1)  Hyperlipidaemic
APOCI1 mice show reduced NEFA and increased
glucose metabolism under both basal and insulin-me-
diated conditions, suggesting an intrinsic defect in
NEFA metabolism. Primary hyperlipidaemia alone
in APOC1 mice does not lead to insulin resistance
for glucose metabolism and high blood pressure.
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Apolipoprotein (apo) Cl is a 6.6-kD protein which is
embedded in the outer shell of triglyceride-rich chy-
lomicron, very low density lipoprotein (VLDL) and
high density lipoprotein (HDL) particles. Recently
we and others have investigated the role of apoCl in
lipoprotein metabolism with the generation of trans-
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genic mice overexpressing the human APOCI1 gene
[1, 2]. High expressor APOCI1 transgenic mice
showed higher concentrations of VLDL-cholesterol
and triglycerides because of an impaired hepatic up-
take of VLDL [3]. High expressor APOCI transgenic
mice also had higher plasma concentrations of NEFA
and lower abdominal adipose tissue stores (a 60 %
decrease compared with wild-type mice) and a com-
plete deficiency of subcutaneous fat [4].

These results suggest that, in addition to the inhib-
itory role of apoC1 on hepatic remnant uptake, over-
expression of apoCl leads to reduced NEFA uptake
and storage in peripheral tissues or reduced de novo
lipogenesis from glucose or both. In the first case,
the Randle cycle [5] predicts a negative interaction
between (insulin-mediated) glucose and NEFA me-
tabolism. In the case of impaired NEFA uptake and
metabolism in APOCI transgenic mice, glucose up-
take and metabolism should be higher. On the other
hand, if NEFA uptake and metabolism are higher in
APOCI transgenic mice, glucose uptake and metabo-
lism should be lower. In addition, the Randle cycle is
supposed to be operational in the so-called “insulin
resistance syndrome”. In the insulin resistance syn-
drome, a reduction in insulin-mediated glucose me-
tabolism (i.e. insulin resistance) is strongly associated
with hyperlipidaemia, increased plasma concentra-
tions of NEFA and hypertension [6-9]. Because the
APOCI transgenic mouse is a model of primary hy-
perlipidaemia, we were able to study a possible causal
relation between hyperlipidaemia and other aspects
of the insulin resistance syndrome.

Therefore, we investigated the relation between
plasma lipid concentrations, basal and insulin-medi-
ated glucose and NEFA metabolism and blood pres-
sure in APOCI transgenic mice. For this purpose we
carried out basal and hyperinsulinaemic euglycaemic
clamp studies with 3-*H-glucose or 9,10-*H-palmitic
acid infusions and measured mean arterial pressure
in hyperlipidaemic APOCI transgenic mice.

Materials and methods

Animals and housing

Transgenic mice with a high expression of the human APOC1
gene in the liver were generated as described previously and
the characteristics of the mice were as indicated previously [1,
3]. Both transgenic and wild-type (control) mice were subject-
ed to a standard light (0600-1800 h) dark (1800-0600 h) cycle
in an air-controlled room (23 °C) with free access to water and
a standard mouse chow diet. The microbiological status of
these mice was checked regularly by routine serological, bacte-
riological and histological procedures. Principles of laboratory
animal care (NIH publication no.85-23, revised Iq85) were
followed. The animal experiments were done in accordance
with the regulations of Dutch law and the protocol was re-
viewed and approved by the local ethics committee for animal
procedures of Leiden University.

3-3H-glucose or 9,10 H-palmitic acid infusions

After a 6 h fast, both APOCI1 transgenic (n = 20) and control
(n =20) mice were anaesthetised with pentobarbital sodium
(30 ug - gli.p. body weight, Nembutal; Sanofi Sante b.v., Ma-
assluis, The Netherlands), placed on a heating pad (37°C) and
an indwelling catheter was inserted in the right jugular vein as
described by others [10]. Blood samples were collected on cit-
rate (3 mg- ml™ final concentration) from the tail tip every
7.5 to 15 min. Citrate was used instead of heparin to avoid acti-
vating the lipoprotein lipase which could influence lipolysis in
blood. To prevent intravascular volume depletion and anae-
mia, an equivalent amount (1 ml) of citrated (3 mg - ml™!) fresh
whole blood, obtained by heart puncture from littermates of
the experimental animals, was infused at a constant rate
throughout the 120 min infusion period.

Basal conditions. In one series of experiments (n =5 for each
group), 3-’H-glucose (Amersham, Buckinghamshire, UK)
was given as a prime (4.7 uCi)-continuous (0.15 uCi - min™) in-
fusion and in another series of experiments 9,10-*H-palmitic
acid (Amersham, UK) was given as a prime (4.7 uCi)-continu-
ous (0.15 uCi - min™') infusion. Isotopic steady state conditions
were achieved within 30 min after the initiation of the tracer
infusion. The experimental procedure has been described pre-
viously [11].

Hyperinsulinaemic, euglycaemic conditions. During the hyper-
insulinaemic euglycaemic clamps (n =5 for each group), in-
sulin was given as a prime (104 mU - kg™!)-continuous
(6 mU - kg™ - min™!) infusion and a variable infusion of a 25 %
D-glucose solution was started and adjusted every 7.5 to
15 min (after each plasma glucose analysis) to maintain the
plasma glucose concentration at about 7 mmol/l. In one series
of experiments, 3-*H-glucose (Amersham) was given as a
prime (4.7 uCi)-continuous (0.15 uCi - min™) infusion and in
another series of experiments 9,10-3H-palmitic acid (Amer-
sham) was given as a prime (4.7 uCi)-continuous (0.15 uCi -
min!) infusion. Isotopic steady state conditions were achieved
within 30 min after initiating the tracer infusion. The experi-
mental procedure has been described previously [11].

Tissue collection. At the end of the hyperinsulinaemic clamp
studies with 3-*H-glucose infusion, the abdomen of the mice
was quickly opened, and the liver was freeze clamped in situ.
Within 30 s, rectus abdominal and gastrocnemius muscles as
well as perirenal and epididymal fat were freeze clamped with
aluminium tongs precooled in liquid nitrogen. All tissue sam-
ples were kept frozen at —80 °C until analysis. The procedure
has been described previously [11-13].

Blood pressure and heart rate

To record the mean arterial pressure and heart rate, APOC1
transgenic (n = 5) and control (n = 6) mice were fasted for 6 h
and anesthetized with pentobarbital sodium (30 ug- g™ i.p.
body weight, Nembutal; Sanofi Sante, Maassluis, The Nether-
lands), placed on a heating pad (37 °C) and an indwelling cath-
eter was inserted in the left carotid artery. The experimental
procedure was done as described by others [14]. The arterial
catheter was attached to a pressure transducer (Statham
P23Db) which was connected to a blood pressure processor
(Hellige, Freiburg, Germany) and a chart recorder (Gould
2400). After a 30 min stabilization period, haemodynamic
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Table 1. Body weights, plasma insulin and metabolite concentrations under basal and hyperinsulinaemic euglycaemic conditions in

control and APOCI1 transgenic mice

Metabolic Parameters Basal Conditions

Hyperinsulinaemic euglycaemic conditions

Control APOC1 Control APOC1
Body weight (g) 28.0+1.9 29.5+1.7 272+1.0 27.1+0.6
Insulin (nmol/l) 02+0.1 0.1+0.1 0.7+0.1 0.7+0.2
Glucose (mmol/l) 100+ 1.1 7.0 £ 1.0° 75+0.5 7.0+0.6
NEFA (mmol/l) 09 +0.1 1.9+0.2° 05+0.1 13+03°
Triglycerides (mmol/l) 0.6 +0.1 9.1+£23% 0.4 +0.1 3.7+0.6°
Cholesterol (mmol/l) 1.6+0.1 7.0 +1.22 1.3+0.1 2.8 +0.4°

ap < 0.05 compared to control mice under basal conditions. ®p < 0.05 compared to control mice under hyperinsulinaemic euglycae-

mic conditions

measurements were recorded for a period of 30 min, as de-
scribed previously [15].

Plasma analytical procedures

Plasma glucose concentrations were measured in duplicate by
the glucose oxidase method on a Beckman glucose analyser 11
(Beckman Instruments, Fullerton, Calif., USA). Plasma insu-
lin concentrations were measured by specific radioimmunoas-
says [11-13] using rat and porcine insulin standards (Rat insu-
lin kit, Linco, St. Louis, Mo., USA). Concentrations of total
plasma cholesterol and triglycerides (without measuring free
glycerol) were measured using commercially available enzy-
matic kits 236691 (Boehringer Mannheim, Mannheim, Ger-
many) and 337-B (GPO-Trinder kit; Sigma Chemical, St.
Louis, Mo., USA) [1, 3]. Plasma NEFA concentrations were
determined in blood samples which had been immediately cen-
trifuged (at 1°C) after collection and stored at -80°C with a
NEFA-C kit (WAKO Chemicals, Neuss, Germany) [4]. Meth-
ods for measuring plasma 3-°H-glucose specific activity have
been described previously [11-13]. Briefly, plasma proteins
were precipitated by Ba(OH), and ZnSO, (Somogyi proce-
dure), and the supernatants evaporated to dryness at 55°C to
eliminate *H,0, reconstituted in 100 ul of water, mixed with
5 ml of scintillation fluid and counted for 10 min in a beta-scin-
tillation counter (LKB, Woerden, The Netherlands). To mea-
sure *H-NEFA specific activity 10 ul of plasma was extracted
with 10 ml of Dole’s solution as described previously [16]. We
isolated NEFA from the lipid phase using 0.02 N NaOH and
re-extracted it after acidification with heptane. The heptane
extraction was repeated three times and more than 90% of
the radioactivity was consistently recovered in the heptane
phase. The extraction efficiency of 9,10-*H-palmitic acid was
measured by adding a known amount of 9,10-*H-palmitic acid
infusate to plasma samples, which underwent the procedure
described above. Plasma *H,O radioactivity, for both the 3-
*H-glucose or 9,10-*H-palmitic acid infusion studies, was calcu-
lated by subtracting the disintegrations per min in an aliquot of
the Somogyi supernatant (3-*H-glucose infusion study) or of
plasma (9,10-*H-palmitic acid infusion study) that had been
evaporated to dryness from an unevaporated aliquot.

Tissue analytical procedures

The number of tritiated glucose counts in glycogen and the
lipid fraction of muscle, adipose tissue and liver were mea-
sured as previously described [11-13]. Briefly, 50 mg of tissue
was homogenized in 0.5 ml phosphate buffered saline (PBS).

Then 0.6 ml of a chloroform-methanol solution (1:2, vol/vol)
was added and vortexed for 5 min. Subsequently, 0.2 ml of
chloroform was added and vortexed for 5 min and then
0.2 ml of water was added and vortexed for 5 min. The sam-
ples were centrifuged for 10 min at 6000 rpm. The upper
aqueous layer was separated from the lower lipid-containing
chloroform layer. The chloroform fraction was evaporated to
dryness and counted. Glycogen was added to the aqueous
fraction (1% glycogen solution), absolute ethanol was added
(1:5 vol/vol), vortexed and stored overnight at -20°C. After
centrifugation (13000 rpm), the supernatant was removed
and 1 ml of absolute ethanol was added to the glycogen pellet,
vortexed and stored overnight at —20°C. The latter procedure
was repeated twice. The glycogen pellet was dissolved in aqua
dest and counted.

Calculations

Whole body glucose uptake and hepatic glucose production.
Steady state calculations were carried out during the last
60 min of 3-*H-glucose infusion. The theoretical background
of the calculations has been described previously [11-13].

Whole body palmitic acid uptake. Calculations were carried
out as described previously [16] and as described for the use
of 3-*H-glucose [11-13]. We used *H label instead of C Label
[17, 18]. Steady state calculations were carried out during the
last 60 min of 9,10-*H-palmitic acid infusion.

Whole body glycolysis and whole body glucose storage. The
rate of whole body glycolysis (generation of H,O in plasma)
was measured during the last 90 min of 3-*H-glucose infusion.
The rate of appearance of *H,O in plasma is linear from 30 to
120 min. The theoretical background of the calculations has
been described previously [11-13].

Whole body palmitic acid oxidation and whole body palmitic
acid storage. Oxidation and storage of 9,10-*H-palmitic acid
were measured as described for the use of 3-*H-glucose
[11-13]. Plasma *H,O radioactivity was calculated by subtract-
ing the dpm in an aliquot of plasma which had been evaporat-
ed to dryness from an unevaporated aliquot. The calculation
of oxidation and storage of NEFA using 9,10-*H-palmitic acid
has been described before [17].

Skeletal muscle, adipose tissue and liver glycogen and lipid syn-
thesis from plasma glucose. The rate of net glycogen or lipid
synthesis was expressed as micromoles of glucose units in gly-
cogen or lipid per kilogram (wet weight) of tissue per minute.
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Fig.1A,B. (A) Basal whole body glucose uptake (which
equals hepatic glucose production in the basal state) and basal
whole body glucose clearance in control () and hyperlipidae-
mic APOCI transgenic (7)) mice. n=35mice per group.
* p < 0.05 versus control. (B) Insulin-mediated whole body glu-
cose uptake, glycolysis, glucose storage and hepatic glucose
production (HGP) in control (M) and hyperlipidaemic
APOCI transgenic () mice. n = 5 mice per group. * p < 0.05
versus control

The theoretical background of the calculations has been de-
scribed previously [11-13].

Statistics

The unpaired two-tailed Student’s ¢ test was used to define dif-
ferences between APOCI transgenic and wild-type (control)
mice. We considered a p value of <0.05 as significant. All
data are presented as means + SEM.

Results

In vivo metabolism. The body weights, plasma insulin
and metabolite concentrations under basal conditions
(6 h fasting) in control and APOCI transgenic mice

Fig.2A, B. (A) Basal whole body NEFA uptake and basal
whole body NEFA clearance in control () and hyperlipidae-
mic APOCI1 transgenic (%) mice. n=>5mice per group.
* p<0.05 versus control. (B) Insulin-mediated whole body
NEFA uptake, NEFA oxidation and NEFA storage in control
(M) and hyperlipidaemic APOCI transgenic (7)) mice.
n =5 mice per group. * p < 0.05 versus control
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are shown in Table 1. Plasma insulin concentrations
are not statistically different between control and
APOCI mice but the plasma concentrations of glu-
cose are lower in APOCI mice than in control mice.
The plasma concentrations of NEFA, triglycerides
and cholesterol are higher in APOC1 mice than in
control mice. Under these basal conditions, whole
body glucose metabolism was quantified with the
use of 3-°H-glucose infusion (Fig.1A) and whole
body NEFA metabolism was quantified with the use
of 9,10-*H-palmitic acid infusion (Fig.2A). Under
basal conditions, whole body glucose uptake (which
equals hepatic glucose production) is similar in
APOCI mice and control mice but this occurs for
APOCI1 mice at a plasma glucose concentration of
7.0 +£ 1.0 mmol/l (Table 1) and for control mice at a
plasma glucose concentration of 10.0 + 1.1 mmol/l
(Table 1). When mass action of plasma glucose is tak-
en into account, as discussed in a previous paper [19],
whole body glucose clearance is significantly higher
in APOCI mice compared to control (Fig.1A). Un-
der basal conditions, whole body NEFA uptake is re-
duced in APOC1 compared to control mice (Fig.2A)
and this occurs for APOC1 mice at a plasma NEFA
concentration of 1.9 + 0.2 mmol/l (Table 1) and for
control mice at a plasma NEFA concentration of
0.9 + 0.1 mmol/l (Table 1). Despite the fact that plas-
ma NEFA concentrations are high in APOCI mice,
the absolute rate of NEFA uptake is lower in
APOCI1 mice than in control mice. So, when mass ac-
tion of plasma NEFA is taken into account, NEFA
clearance is even lower in APOCI mice than in con-
trol mice (Fig.2A).

The body weights, plasma insulin and metabolite
concentrations under hyperinsulinaemic euglycaemic
conditions in control and APOCI transgenic mice are
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Fig.3 A-C. Insulin-mediated rates of tissue specific net glyco-
gen synthesis and de novo lipogenesis from plasma glucose in
control (M, n=4) and hyperlipidaemic APOCI1 transgenic
(7, n=5) mice. * p < 0.05 versus control

shown in Table 1. Plasma insulin and glucose concen-
trations are similar in control mice and APOC1 mice
but the plasma concentrations of NEFA, triglycerides
and cholesterol are higher in APOCI mice than in
control mice. Under these hyperinsulinaemic eugly-
caemic conditions, whole body glucose metabolism
was measured with 3-*H-glucose infusion (Fig.1B)
and whole body NEFA metabolism was measured

Table 2. Body weight, mean arterial pressure and heart rate
under basal conditions in control and APOCI transgenic mice

Metabolic Parameters Control APOC1
Body weight (g) 29+1 29+1

Blood pressure (mm Hg) 85+3 82+ 4
Heart rate (beats per min) 484 + 11 459 + 14

with 9,10-*H-palmitic acid infusion (Fig.2B). Under
hyperinsulinaemic euglycaemic conditions, whole
body glucose uptake, glycolysis and glucose storage
are increased in APOC1 mice compared with control
mice but hepatic glucose production is similar among
mice (Fig.1B). Under hyperinsulinaemic euglycae-
mic conditions, whole body NEFA uptake, NEFA ox-
idation and NEFA storage are lower in APOCI than
in control mice (Fig.2B). This occurs for APOC1
mice at a plasma NEFA concentration of
1.3 £ 0.3 mmol/l (Table 1) and for control mice at a
plasma NEFA concentration of 0.5 + 0.1 mmol/l (Ta-
ble 1). Despite the fact that plasma NEFA concentra-
tions are high in APOCI mice, the absolute rate of
NEFA uptake, oxidation and storage are lower in
APOCI mice than in control mice. So, when the
mass action of plasma NEFA is taken into account,
whole body NEFA uptake, oxidation and storage
would be reduced even further in APOC1 mice com-
pared with control mice (data not shown). In general,
when basal and insulin-mediated NEFA metabolism
are compared, the plasma NEFA concentrations and
the rates of NEFA uptake are reduced twofold to
threefold. These phenomena have been described be-
fore and are in agreement with human studies [16].

Tissue collection. Under hyperinsulinaemic euglycae-
mic conditions, skeletal muscle 3-*H-glucose incorpo-
ration in glycogen and lipid increased in APOCI1
mice compared with control mice (Fig.3) but were
similar for the liver among mice. Adipose tissue 3-
SH-glucose incorporation in lipid increased in
APOCI1 mice compared with control mice (Fig.3)
but the incorporation in glycogen was similar in all
mice.

Haemodynamic measurements. Mean arterial pres-
sure and heart rate were similar among APOC1
transgenic and control mice (Table 2).

Discussion

ApoCl1 overexpression in mice leads to the dysregu-
lation of VLDL metabolism and thus to primary hy-
perlipidaemia including higher plasma concentra-
tions of cholesterol, triglycerides and NEFA. We in-
vestigated whether a primary increase in plasma lip-
ids, due to the overexpression of the human APOC1
gene, leads to the secondary development of insulin
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resistance for glucose metabolism and hypertension
in transgenic mice. Our results indicate that primary
hyperlipidaemia in itself does not necessarily lead to
insulin resistance and high blood pressure.

The association between insulin resistance for glu-
cose metabolism, hyperinsulinaemia, hyperlipida-
emia and hypertension is often observed in obese pa-
tients or in patients with Type II (non-insulin-depen-
dent) diabetes mellitus or in both and is called the in-
sulin resistance syndrome [7, 8]. The primary cause
for the development of the insulin resistance syn-
drome is not known. One view is that insulin resis-
tance for glucose metabolism, with compensatory hy-
perinsulinaemia, is the main abnormality leading to
an increase in plasma triglycerides [6-8]. According
to this view, insulin resistance and chronic hyperinsu-
linaemia enhance hepatic VLDL synthesis, leading to
hypertriglyceridaemia [6-8]. Hyperinsulinaemia is
thought to trigger hypertension by chronic activation
of the sympathetic nervous system and by increasing
sodium retention [6-9]. Another view [20, 21] is that
NEFA, as a product of hypertriglyceridaemia or obe-
sity or both, could be crucial in the development of
the insulin-resistance syndrome or diabetes. Here,
the most fundamental defect is in lipid metabolism,
whereby higher plasma NEFA concentrations lead
to an impairment in insulin-mediated glucose uptake
and metabolism and compensatory hyperinsulin-
aemia. Apart from its effect of hyperinsulinaemia on
haemodynamics, NEFA could enhance vasoconstric-
tion and blood pressure [22].

To evaluate the latter view, we investigated wheth-
er insulin resistance for glucose metabolism and high
blood pressure is present in hyperlipidaemic APOC1
transgenic mice.

Our study shows that primary hyperlipidaemia in
APOCI mice is neither associated with insulin resis-
tance for glucose metabolism and hyperinsulinaemia
nor with high blood pressure. On the contrary, both
basal and insulin-mediated glucose metabolism were
enhanced and blood pressure was normal in
APOCI mice. This indicates that increases in glucose
metabolism are independent of insulin sensitivity and
caused by an intrinsic change in metabolism. There-
fore overexpression of human apoCl1 protein in mice
leads to hyperlipidaemia due to a primary impair-
ment in lipid/NEFA metabolism which subsequently
results in increased glucose metabolism.

A similar scenario was discussed in a previous pa-
per [23] in which hypertriglyceridaemic APOC3
transgenic mice were studied. These mice showed
normal whole body insulin-mediated glucose dispos-
al. It was speculated that “insulin resistance will only
be seen in situations in which the hypertriglycerid-
aemia is primarily due to increased VLDL-triglycer-
ide secretion, not a prolonged VLDL residence
time”. In APOC3 transgenic mice hypertriglycerid-
aemia is thought to be primarily due to impaired li-

polysis of VLDL-triglycerides, because apoC3 has
been shown to be an effective modulator of lipopro-
tein lipase activity [24]. Increased concentrations of
triglycerides upon APOC1 overexpression on the
other hand have been shown to be mainly due to an
impaired hepatic uptake of VLDL particles [3]. Thus
in the case of APOC1 we hypothesize that NEFA’s
are liberated from VLDL-triglycerides but are not
able to penetrate the tissues.

Therefore, the mechanism by which hyperlipida-
emia develops is crucial to whether the insulin resis-
tance syndrome develops or not. In obesity and Type
II diabetes mellitus, hyperlipidaemia is usually
caused by hepatic overproduction of VLDL, thus
causing oversupply of lipids as metabolic fuel for
body tissues. The latter would lead to insulin resis-
tance for glucose metabolism.

By contrast, APOCI transgenic mice are hyper-
lipidaemic due to, at least in part, reduced lipid clear-
ance as our present study shows. Excess of apoC1 on
the VLDL particle impairs hepatic uptake of plasma
VLDL [3] and reduces whole body NEFA uptake, ox-
idation and storage (this study). Therefore, it seems
that lipids remain in the circulation resulting in an un-
dersupply of lipids as metabolic fuel for body tissues.
In this case the Randle cycle is in operation which
leads to increased (insulin-mediated) glucose metab-
olism to meet the increased intracellular energy de-
mand. As shown in the present study, the undersup-
ply of lipids to body tissues also increases de novo li-
pogenesis from plasma glucose in muscle and adipose
tissue. The latter seems a compensatory mechanism
for deficiency in intracellular lipid.

Our results suggest that the apoC1 protein, which
is situated on the VLDL particle, is involved in the
regulation of NEFA uptake from blood to body cells.
Previously we have shown that, in addition to the in-
hibitory role of apoCl on hepatic remnant uptake,
overexpression of apoCl affects lipid synthesis and
adipose tissue formation [4]. The high amounts of
apoCl on VLDL in plasma of APOCI1 transgenic
mice could prevent the transport of NEFA from the
circulation to the peripheral tissues. This agrees with
the present observation that APOCI1 transgenic
mice show reduced whole body NEFA uptake, oxida-
tion and storage in the face of increased plasma
NEFA concentrations, indicating that the mass action
of plasma NEFA cannot overcome the reduction in
whole body NEFA uptake. Furthermore, it has been
reported that mice deficient in VLDL-receptors also
have reduced amounts of adipose tissue [25]. These
findings suggest that the VLDL-receptors act as a
docking protein for efficient triglyceride-rich lipopro-
tein lipolysis and the subsequent delivery of NEFA to
peripheral tissues [26, 27]. Recently we showed that
high concentrations of apoC1 on the VLDL particles
result in defective binding of the VLDL particle to
the VLDL-receptor in vivo [28]. The fact that apoCl1
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acts on the VLDL particle to modulate whole body
NEFA uptake suggests that both apoC1 and VLDL
receptors are important factors in the regulation of
NEFA transport from the blood to the tissues.

Finally, when hyperlipidaemia is caused by a re-

duction in lipid/NEFA clearance, as is the case in
APOCI transgenic mice, and not by increased hepat-
ic lipid production, insulin resistance for glucose me-
tabolism and high blood pressure are not likely to de-
velop.
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