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Abstract

Aim: Postprandial lipaemia is a significant contributor to the development of dyslipidaemia and cardiovascular disease, which has more
recently been shown as a potential risk factor for obesity and pre-diabetes. Clinically however, the diagnosis of early insulin-resistance remains
confounded due to the fact that aberrations in lipid metabolism are not often readily identified using classic indicators of hypercholesterolemia
(i.e. LDL).

Methods: 1In this study, we assessed the metabolism of apolipoprotein-B48 (apoB48)-containing lipoproteins in an animal model of obesity
and insulin-resistance, the JCR:LA-cp rat. The contribution of lipoproteins from the intestine was assessed by measuring plasma apoB48
concentration in the postprandial period following an oral fat load. Plasma apoB48 was measured by improved enhanced chemiluminescent
detection and other biochemical parameters measured by established analysis.

Results: Fasting concentrations of plasma apoB48, postprandial apoB48 area under the curve (AUC), as well as incremental-AUC (iAUC),
were all significantly greater in the obese phenotype compared to lean controls. Fasting apoB48 correlated significantly with apoB48-iAUC,
triglyceride (TG)-iAUC and insulin-iAUC. In addition, there was a highly significant association with fasting insulin and the postprandial
ratio of TG:apoB48, a relationship not often detected in humans during insulin-resistance.

Conclusions/interpretation: We conclude that the JCR:LA-cp rat can be used as a model of postprandial lipemia to explore chylomicron
metabolism during the onset and development of insulin-resistance, including the increased cardiovascular complications of the metabolic
syndrome.

© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Postprandial lipaemia is a significant contributor to
the development of dyslipidaemia, atherosclerosis and car-
diovascular disease (CVD) [1-5]. The atherogenicity of

Abbreviations: AAC, area above the curve; AUC, area under the curve;
iAUC, incremental area under the curve; apoB, apolipoprotein-B; apoB100,

apolipoprotein-B100; apoB48, apolipoprotein-B48; CVD, cardiovascular impaired pOStprandial metabolism has been attributed to
disease; Cm, chylomicrons; Cm-t, chylomicron-remnants; cp, corpulent; intestinally derived apolipoprotein-B48 (apoB48)-containing
ECL, enhanced chemiluminescence; TG, triglyceride lipoproteins (i.e. chylomicrons), in particular, cholesterol-
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such as hypercholesterolemia and diabetes, individuals are
predisposed to an accelerated form of atherosclerosis due
to dyslipidemia, hyperinsulinemia and associated vascular
perturbations [5,8,9—12]. Moreover, evidence now suggests
that postprandial lipaemia (associated with elevated circu-
lating levels of chylomicrons), is a significant risk factor
for CVD in individuals with visceral and/or central obesity
[11,13-16].

Obesity and insulin-resistance are among a cluster of
clinical symptoms that comprise the metabolic syndrome,
in which individuals are at increased risk of developing
type-2 diabetes and premature atherosclerosis [15-18]. How-
ever, the current inability to readily identify the metabolic
syndrome early enough to be able to reduce relative risk
creates a significant clinical dilemma [19-22]. Diagnosis
of the early insulin-resistance state is often confounded
due to the characterization of dyslipidemia, in particu-
lar the continued emphasis on circulating concentrations
of low-density lipoprotein (LDL), which is often normal
during early type-2 diabetes [19,20]. Indeed, the Inter-
national Diabetes Federation (IDF) recently affirmed that
the clinical definition of the metabolic syndrome can be
independent of LDL cholesterol concentration [23]. Thus,
animal models offer a means to further characterize the
early stages of insulin-resistance in order to understand
the metabolic and postprandial profile of this condition, in
the search for greater accuracy in CVD risk assessment
[19,20,23].

Animal models of obesity and the metabolic syndrome are
characterized by defects in the metabolism of leptin and its
receptor and include the ob/ob mouse, the db/db mouse, the
Zucker (falfa) rat and the JCR:LA-cp rat [24-26]. Of these
models, only the JCR:LA-cp rat spontaneously develops the
array of significant pathological complications such as spon-
taneous atherosclerosis and myocardial ischemia, consistent
with complications found in man [26-28]. The plasma lipid
profile of the JCR:LA-cp rat has been characterized over
recent years and notably, the cp/cp phenotype has mildly
higher plasma cholesterol levels compared to the lean (+/?)
counterparts [24,27,29,30-35]. Consequently, the JCR:LA-
cp model represents a unique opportunity to study dyslipi-
demia during insulin-resistance, in particular, to understand
the potential influence this phenotype has on postprandial
apoB48 metabolism.

The postprandial phase predominantly represents plasma
apoB48 derived from the intestine in both humans and
rodents [36-41]. Thus the approach given in this study
was to assess chylomicron metabolism in the JCR:LA-
cp rat following, a lipid-rich meal (or oral fat chal-
lenge) using a modified ECL (enhanced chemilumines-
cence) technique [11,36,42,43]. The primary aim of the
study was to determine whether the JCR:LA-cp model has
impaired metabolism of plasma apoB48 particles follow-
ing a lipid-rich meal and establish it as model for post-
prandial dyslipidemia in conditions of obesity and pre-
diabetes.

2. Methods
2.1. Animal model and diets

Male rats of the JCR:LA-cp strain, obese (cp/cp) (n=15)
and lean [+/7, or a 2:1 mix of rats heterozygous (cp/+)
and homozygous normal (+/+)] (n=8), were raised in our
established breeding colony at the University of Alberta, as
described previously [28]. The strain has recently been re-
derived and established at Charles River Laboratories Inc.
(Wilmington, MA, USA) with the designation Crl:JCR(LA)-
LeprP. Rats were weaned at 3 weeks of age and housed
with a 12/12-h reversed light cycle to allow for study and
testing during the dark phase of the rats’ diurnal cycle. At
that time, rats on protocol were transferred from the isolated
breeding colony areas to a state-of-the-art fully individu-
ally ventilated caging environment (Tecniplast™ , Exton, PA,
USA). Animals were allowed to age for approximately 10
months, in order for the phenotype to develop established
pathology of the metabolic syndrome and for dyslipidemia
homeostasis. The animals had access ad libitum to standard
laboratory rat chow (Lab diet 5001, PMI Nutrition Interna-
tional, Brentwood, MO, USA) and water. The composition
(w/w) of the 5001 diet consists of carbohydrate 49%, crude
protein 24.0%, moisture 10%, minerals 6.5%, fibre 6.0%
and fat 4.5%. Animal care and experimental protocols were
conducted in accordance with the Canadian Council on Ani-
mal Care and approved by the University of Alberta Animal
Ethics Committee.

2.2. Fat challenge and the postprandial response

All animals were fasted overnight (16 h) and then offered
a 5.0 g pellet made with 5001 laboratory chow (as described
above) further supplemented with 25% (w/w) of dairy fat
from double cream (raising the total fat content of the 5.0 g
meal to approximately 30% (w/w)). The metabolism of
insulin and glucose in the cp/cp rat is abnormally responsive
to physical stress or behavioral disturbance. Thus, in order to
reduce variability, fat challenge experiments are performed
using a standardized, conscious, non-restraint protocol [44].
Blood samples were drawn from the tail at times 0, 2,4, 5,6, 8
and 10 h following consumption of the pellet meal. Blood was
collected into tubes containing NaEDTA and plasma was
separated by centrifugation at 3000 rpm at 4 °C for 10 min.
Aliquots of plasma were stored at —80 °C for biochemical
analyses.

2.3. Quantitation of plasma apolipoprotein-B48

The quantitation of apoB48 from rodent plasma samples
was established by adaptation from a previous SDS-PAGE
(sodium dodecyl sulphate polyacrylamide gel electrophore-
sis), Western-blot technique coupled to ECL analysis [42].
ApoB48 protein was identified using a recent commercially
available antibody to apoB (Santa Cruz Biotech, CA, Cat#sc-
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Fig. 1. Increasing concentrations of purified 1.006 g/ml density fraction
from JCR:LA-cp rat plasma (12 ng/ml-0.48 pg/ml). Known protein concen-
trations of rat apoB48 from purified fractions were subjected to SDS-PAGE
and Western blot followed by ECL procedure. Intensity of each apoB48 band
was measured by densitometric analysis.

11795). The antibody is an affinity-purified goat polyclonal,
raised against a peptide that has been mapped near the amino
terminus (alpha-1 region) of human apoB. We have estab-
lished that the polyclonal antibody effectively detects both
rodent and human forms of apoB (Fig. 1). The apoB48 band
was visualized using ECL (ECL-Advance, Amersham Bio-
sciences, UK) and the imaging of proteins was conducted
using a charge coupled device [CCD]-camera and Fluor-S
Multilmager system (Bio-rad Laboratories, CA). The modi-
fied ECL procedure has a limit of detection to approximately
10 ng/ml, which is an improvement over previously published
ECL methods [39]. The mass of apoB48 from rodent plasma
was quantified using linear densitometric comparison with a
known mass of the purified rodent apoB48 protein.

2.4. Plasma biochemical profile

The profile of biochemical characteristics in fasting
plasma from lean and obese groups from the JCR:LA-
cp strain were assessed using commercially available
homogenous, enzymatic colorimetric direct and indirect
assays. Triglyceride (TG) concentrations (WAKO, Chem-
icals USA Inc., Richman, VA, USA, Cat#998-40391/994-
40491), total cholesterol (WAKO, Cat#439-17501), LDL
(WAKO Cat#993-00404/999-00504) and HDL-cholesterol
(Diagnostic Chemical Ltd., Charlottetown, Prince Edward
Island, Cat#258-20) were measured using direct colorimet-
ric chemical enzymatic reactions. Plasma glucose was mea-
sured as per the glucose oxidase method (Diagnostic Chem-
icals Ltd., Cat#220-32). Insulin (LINCO Research, MS,
USA, Cat#RI-13K) and leptin (LINCO Research, MS, USA,
Cat#RL-83K) were determined using commercially available
radioimmunoassays for rodents.

2.5. Analysis of the postprandial response

The postprandial response of plasma apoB48, TG, insulin
and leptin from +/? (n=28) and cp/cp (n=15) animals was
determined by total area under the curve (AUC) and leptin
by total area above the curve (AAC) using Graphpad Prizm
(CA, USA), which corresponds to the total plasma concentra-
tion over the 10-h postprandial period. Fasting concentration
of these parameters were further subtracted from the total
AUC for the postprandial period to yield the incremental area
under the curve (1IAUC). Importantly, the iAUC represents
the change in the postprandial response (compensating for
the initial concentration of each parameter measured during
the fasting state), and is expressed as the percent change from
baseline. Knowing that the plasma content of both apoB48
and TG during the postprandial phase are primarily due to the
synthesis of chylomicrons transporting dietary lipid, changes
in iAUC values for apoB48 provide an accurate represen-
tation of contributions from the intestine. The TG:apoB48
ratio is an indicator of particle size and was calculated using
pair-matched iAUC values, respectively, at each time point
following the oral fat load.

2.6. Statistical analysis

All results are expressed as the mean &+ S.E.M. Data were
tested for normal distribution and differences between cp/cp
and +/? groups were analysed using unpaired -test and one-
way ANVOA with significance set at p <0.05 (Sigma Stat,
Jandel Scientific, San Rafael, CA, USA). Statistical correla-
tion analysis was also performed using pair-matched values
of each parameter, from each animal, at each time point for
the postprandial curve.

3. Results
3.1. Fasting biochemical profile

Body weight and fasting parameters of both cp/cp and
age-matched +/? animals are shown in Table 1. At this age,
cp/cp animals are obese, hypertriglyceridemic, hyperinsu-
linemic, hyperleptinemic and have progressive development
of vascular complications (including atherosclerosis) as pre-
viously established [27,44]. Notably, fasting plasma apoB48
concentrations in cp/cp animals were more than double that of
the +/? controls (31.1 4.7 pg/ml versus 14.0 £ 1.8 pg/ml,
respectively), indicating that obese animals had a significant
accumulation of apoB48-containing particles compared to
their lean counterparts (Table 1).

3.2. Postprandial response of apolipoprotein-B48
The postprandial response, as measured by the total AUC

and the change in apoB48 (iAUC), showed that cp/cp ani-
mals had a progressive and significant delay in the clearance
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Table 1
Fasting biochemical profile of aged-matched JCR:LA-cp obese (cp/cp) and
lean (+/?) >10 months of age

Lean (+/7) Obese (cp/cp)
Body weight (g) 43275 £ 17.68 970.87 £ 20.14*
ApoB48 (pg/ml) 14.03 + 1.76 31.15 £ 4.67*
TG (mmol/l) 0.299 + 0.027 3.782 £ 0.496*
Total cholesterol (mmol/l) 1.506 £+ 0.030 2.469 + 0.193*
LDL cholesterol (mmol/l) 0.559 + 0.024 1.111 £ 0.015%
HDL cholesterol (mmol/l) 0.906 £ 0.015 1.225 £ 0.007
Glucose (mmol/1) 5.199 £ 0.121 7.029 4 0.203°
Insulin (pmol) 118.25 +£ 20.05 871.63 £ 50.54*
Leptin (ng/ml) 297 £ 0.42 62.14 £ 5.07*

Data shown are mean £ S.E.M. for obese (cp/cp) (n=15) and lean (+/?)
(n=238).

? p<0.0001 vs. +/? rats.

5 p<0.01 vs. +/? rats.

of apoB48 particles over the 10-h period (Fig. 2). Total AUC
indicated that circulating apoB48 mass over the postprandial
period was approximately three-fold higher in cp/cp rats com-
pared to +/? controls (AUC, 1400 4222 and 428 4 68 area
units, respectively, p = 0.0114). Corresponding iAUC showed
that the change in apoB48 particles (i.e. chylomicrons) during
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Fig. 2. The postprandial associated plasma apoB48 response (AUC) follow-
ing an oral fat challenge in JCR:LA-cp obese (cp/cp) and lean (+/7) controls.
Data are shown for cp/cp rats (filled squares) (n = 15) and +/? controls (open
squares) (n=38) as mean = S.E.M. The percent change in plasma apoB48
from fasting baseline is shown in the inset and represents the corresponding
incremental area under the curve (IAUC). Both the postprandial apoB48-
AUC and the apoB48-iAUC was significantly greater in the cp/cp compared
to +/? animals, (*) p <0.05. The lower panel represents a typical western blot
detecting plasma apoB48 following an oral fat challenge (0—10h) in both
cplep and +/?7 JCR:LA-cp rats. The slope of the initial postprandial phase
(between 0 and 5 h) for cp/cp animals (y=—1.528 +49.05x [2=0.98]) was
significantly greater compared with lean +/? animals (y=—7.837+19.3%x
[2=0.93]); p=0.0017 based on a first order polynomial and both intercept
and slope parameters.

the postprandial phase was two-fold higher in cp/cp ani-
mals compared to the +/? controls (iIAUC; 1982 £ 117 and
661 % 39 area units, p=0.0176, see percent change in Fig. 2
inset). At 2 h post the fat challenge, circulating apoB48 con-
centrations had increased by 100%, progressively increasing
to 300% by 10 h, as compared to 20% and 60%, respectively,
in the +/? control animals. The slope of the apoB48-iAUC
was also calculated between 0 and 5 h to represent the initial
phase of the postprandial period. Based on the generation of
a first order polynomial equation (including both the inter-
cept and slope), cp/cp animals had a significantly greater
rate of chylomicron accumulation in plasma compared with
+/? animals in the early postprandial period (apoB48-iAUC
slope? cplep: y=—1.528+49.05x (2 =0.98) versus +/2:
y=—7.837+19.39x (2 =0.93), p=0.0017).

3.3. Postprandial response of triglyceride

In the fasted state, VLDL forms the principle source of
TG in the circulation for JCR:LA-cp animals [35]. Values
observed in this study are consistent with previous reports
that cp/cp animals have characteristic and severe hyper-
triglyceridemia compared to the +/? control animals (12-fold
difference) as shown in Table 1. Moreover, the response of
TG during the postprandial phase highlights the extent of
hypertriglyceridemia in cp/cp animals (AUC; 4998 £+ 469
and 436 +41 area units, respectively, p<0.0001) and is
shown in Fig. 3. In contrast, it was interesting that the corre-
sponding TG-iAUC over the 10-h period, did not show any
statistical difference between cp/cp and +/? (Fig. 3, inset). We

150

100

50 4

% Change TG (mmol/l)

Triglyceride (mmol/l)

o

0 2 4 6 8 10
Time (h)

Fig. 3. The postprandial response in plasma TG (AUC) following an oral
fat challenge in JCR:LA-cp obese (cp/cp) and lean (+/?) controls. Data are
shown for cp/cp rats (filled squares) (n=15) and +/? lean controls (open
squares) (n=8) as mean = S.E.M. The total AUC and the change in TG
from fasted concentrations is shown (inset) and represents the incremental
area under the curve (1IAUC). The AUC for cp/cp animals is significantly
greater than for +/? animals, (**) p <0.0001. The iAUC for cp/cp animals is
significantly greater at 4 h compared to 5h, (*) p <0.05.
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Fig. 4. The change (postprandial) in the corresponding TG:apoB48 ratio
(AUC) following an oral fat challenge in obese (cp/cp) n = 15 (filled squares),
and lean (+/?) n=8 (open squares). Data are shown as mean=+ S.E.M.
The cp/cp animals had a significantly higher TG:apoB48 (AUC) ratio at
both 2 and 4 h following the oral fat challenge compared to lean controls,
(*) p<0.05.

also observed a distinctive biphasic clearance profile of TG
from the circulation, which is predominant in the TG-iAUC
for cp/cp animals. In particular, cp/cp animals demonstrated
a rapid decline in TG at 4-5h (p <0.05), which appears to
rise again at 8 h to 70% above fasting levels, suggesting addi-
tional secretion of TG in the hypertriglyceridemic state. This
distinction becomes more evident on further analysis of the
TG:apoB48 ratio (Fig. 4). The TG:apoB48 ratio reflects the
proportion of TG per particle during the postprandial period
(for their respective incremental change over time). There
was no overall statistical difference in the TG:apoB48 ratio
between the cp/cp and lean control animals. Obese cp/cp ani-
mals did have significantly higher TG:apoB48 ratio in the
early postprandial phase (i.e. at time points 2 and 4 h fol-
lowing the fat meal), consistent with an initial absorption,
appearance and accumulation of larger chylomicron particles
(Fig. 4).

3.4. Response of postprandial insulin

Obese cp/cp animals are phenotypically hyperinsuline-
mic and we observed fasting insulin concentrations to be
seven-fold higher than those of age-matched +/? animals
(see Table 1). The total AUC and change in insulin response
(AAUC) over the postprandial period for cp/cp and +/? ani-
mals are given in Fig. 5. The total AUC for plasma insulin
following the oral fat challenge in cp/cp animals was approx-
imately eight-fold greater compared to the lean controls
(AUC; 8797 344 and 1145 4 117 area units, respectively,
p<0.0001). Despite the hyperinsulinemia in the fasting state,
the cp/cp phenotype demonstrated an additional and sus-
tained increase in postprandial insulin secretion of approxi-
mately 20% above fasting concentrations at 2-5 h, thereafter
returning to fasting baseline concentrations. In compari-
son, +/? animals showed a maximal increase in postprandial
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Fig. 5. The postprandial response in plasma insulin following an oral fat
challenge in JCR:LA-cp obese (cp/cp) and lean (+/?) animals. Data are
shown for cp/cp rats (filled squares) and +/? lean controls (open squares)
as mean = S.E.M. The total AUC and the change (iAUC) in insulin from
fasted concentrations is shown (inset). The cp/cp animals were shown to
have a significantly greater total AUC for plasma insulin, (*) (p <0.0001)
and a markedly lower change (IAUC) in insulin following the oral fat chal-
lenge, (*) (p<0.05).

insulin of approximately 80% between 2 and 4h, before
declining to fasting levels. Interestingly, the insulin-iAUC
showed a transposed relationship (Fig. 5, inset).

3.5. Response of postprandial leptin

Under normal physiological conditions, circulating lep-
tin is thought to functionally switch off both hyperpha-
gia (through the hypothalamic neuropeptide-Y pathway)
and sedentary activity through direct intracellular signalling
actions of the leptin receptor [45]. However, high fat meals
have been shown to suppress circulating leptin concentrations
particularly during the first 2—4 h of the normal postprandial
phase, which are thought to be independent of intracellular
leptin signalling [45,46]. Consequently, it was of interest in
this study to determine the potential and corresponding post-
prandial leptin response following a high fat meal (Fig. 6).
The net area above the curve (AAC) analysis demonstrated
that there were sustained and overall greater elevation of lep-
tin in cp/cp animals (ACC; 535 £ 22.1 area units), compared
to +/? controls (AAC; 18.4£2.95 area units, p<0.0001).
However, it was interesting that both the cp/cp and +/? ani-
mals had a net decrease in plasma leptin levels over the
10-h postprandial phase. Further analysis of the iAAC also
indicated that +/? controls had a consistent, and signifi-
cantly lower, net suppression in leptin secretion over the
postprandial phase 1AAC; —378 £+ 59.4 area units, p <0.05)
compared to cp/cp animals (IAAC; —67.23 +85.81 area
units).
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Fig. 6. The postprandial response in plasma leptin following an oral fat
challenge in the JCR:LA-cp obese (cp/cp) and lean (+/?) animals. Data are
shown for cp/cp rats (filled squares) n= 15, and +/? controls (open squares)
n=28 as mean = S.E.M. The net area above the curve (AAC) and the cor-
responding change (IAAC) in leptin from fasted concentrations is shown
(inset). The cp/cp animals were shown to have a significantly greater total
AAC for plasma leptin, (*) (p<0.0001) and a markedly lower percentage
change (iAAC) in leptin following the oral fat challenge, (*) (p <0.05).

3.6. Correlation of postprandial markers and
apolipoprotein-B48

Our correlation analysis emphasized aspects of postpran-
dial lipid metabolism that might highlight early markers of
risk in the pre-diabetic state. There were moderate to strong
associations of fasting apoB48 concentrations with iAUC for

each; apoB48, TG and insulin (Table 2). Although overall
TG-iAUC were not different between lean and obese ani-
mals, TG-iAUC and fasting apoB48 were shown to have a
significant association, which is likely to reflect the obese
animals having elevated fasting apoB48 combined with a
tendency for increased TG-iAUC. In contrast, apoB48-iAUC
(which is more reflective of postprandial chylomicrons), pro-
vided a very strong and highly significant association with
fasting insulin and the ratio of TG:apoB48, a relationship
that is not often detectable in humans. Predictably, fasting
concentrations of TG were also strong indicators of almost
all the parameters measured, and is likely a reflection of
the sustained overproduction of VLDL in the cp/cp pheno-
type. In addition the ratio of fasting TG:apoB48 correlated
well with the corresponding AUC of the ratio TG:apoB48
and fasting leptin concentrations. Fasting insulin concentra-
tions provided some of the strongest associations including
iAUC for both TG and leptin, consistent with character-
istic patterns observed during the development of insulin-
resistance.

4. Discussion

The JCR:LA-cp rat model has been used to explore the
effects of hyperinsulinemia on vascular dysfunction and the
development of micro/macro vascular complications in the
metabolic syndrome [24]. Despite these studies, there has
been no description to date regarding the potential of pre-
diabetic rodent models to investigate the role that postpran-
dial lipoproteins may play in accelerating atherosclerotic
risk. In addition, clinical studies to date have failed to pro-
vide a definitive association between impaired postprandial
metabolism (defined in this study as apoB48-iAUC) and
the early phases of insulin-resistance and its corresponding
risk indices [15,38]. In this study, we demonstrate for the
first time, using the unique JCR:LA-cp rodent model, that
impaired postprandial lipoprotein metabolism is an inherent

Table 2
Pearson correlation coefficients for fasting and change in the postprandial response (IAUC) for JCR:LA-cp rodent model following an oral fat challenge
ApoB48 (hepatic/ ApoB481AUC TG (basal-VLDL/Cm)  Ratio TG:apoB48 Insulin (IR) Leptin
intestinal) (PP-Cm) (VLDL/Cm-size) (adipocyte)
Apob4giaue 0.586% - 0.310 n.s. 0.148 n.s. 0.874¢ 0.480 n.s.
TG 0.334 n.s. 0.310 n.s. - 0.849°¢ 0.765° 0.779¢
TGAUC 0.575% 0.582% 0.740° 0.520 n.s. 0.821¢ 0.667¢
Ratio (TG:apoB48) —0.122 n.s. 0.849°¢ 0.849°¢ - 0.546 n.s. 0.643%
Ratio (TG:ap0B48)AUC 0.117 n.s. 0.695 n.s. 0.863¢ 0.838° 0.608 n.s. 0.480 n.s.
Insulin 0.573 n.s. 0.874¢ 0.765° 0.546 n.s. - 0911¢
Insulin'AU¢ 0.682° 0.287 n.s. 0.746° 0.330 n.s. 0.410 n.s. 0.573%
Leptin 0.430 n.s. 0.480 n.s. 0.779¢ 0.643% 0.911°¢ -
Leptin'AUC 0.275 n.s. —0.500 n.s. 0.203 n.s. —0.357 n.s. —0.486 n.s. —0.569*

Values are in the fasted state (at baseline 0-h) unless otherwise stated; interpretation of indices in parentheses: PP, postprandial; Cm, chylomicrons; IR,
insulin-resistance; iAUC, incremental area under the curve between 0 and 10 h following oral fat challenge; TG, plasma triglyceride; VLDL, very low density

lipoprotein; n.s., not statistically significant; (-), not calculated.
2 p<0.05.
b p<0.01.
¢ p<0.001.
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component of this condition and is intimately associated with
early markers of insulin-resistance.

4.1. Significance of the incremental apoB48
postprandial profile during pre-diabetes

We have revealed significant lipemia of apoB48§-
containing particles following an oral fat load in the JCR:LA-
cp animals, particularly in the early phase of the postprandial
period. We have also observed that the later phase of the
kinetic profile is indicative of small atherogenic remnant-
sized particles, which continued to circulate in the plasma
compartment throughout the 10-h period. Importantly, we
have determined that fasting concentrations of apoB48 in
this model (i.e. contributions from both intestinal and hepatic
sources), correlate with corresponding changes to apoB48
during the postprandial response (1IAUC) (Table 2). We spec-
ulate that an oral fat load in these animals would contribute
substantially to the atherogenic processes by facilitating satu-
ration of lipolytic pathways, reduce the clearance capacity of
cholesterol-rich lipoproteins and exacerbate the permeabil-
ity/retention of lipid in arterial vessels [15,38]. Furthermore,
we show that increases in iAUC for apoB48 correlate sig-
nificantly with corresponding increases in both iAUC for
triglyceride and fasting insulin concentrations. Collectively,
these data suggest that impaired postprandial metabolism
may be an accurate predictor of the early pre-diabetic phase
associated with insulin-resistance, which is an observation
that to date has been difficult to detect in humans.

4.2. Oversecretion of VLDL and hypertriglyceridemia in
JCR:LA-cp animals

Hypertriglyceridemia is an early metabolic abnormality
characteristic of the JCR:LA-cp rat and appears to develop in
response to several lipidogenic factors [27]. Physiologically,
it is also important to consider the impact of the hyper-
phagic behavior in the cp/cp phenotype. The obese animals
are potentially in a postprandial state continuously for up
to 16-20h per day, which contributes to sustained secretion
of TG from the intestine (in the form of chylomicrons). The
increase in dietary substrate due to hyperphagia can also facil-
itate increased carbohydrate derived synthesis of lipid at the
site of the liver. Together, these factors are derivatives for sig-
nificant biochemical modulations including the up-regulation
and hypersecretion of VLDL in the hepatocyte [35,47,48].

Closer analysis of the TG:apoB48 ratio (Fig. 4), reveals
that at times 2 and 4 h, there is a very clear separation of larger
more buoyant particles in the cp/cp phenotype (likely to be
newly secreted apoB48 chylomicrons). The accumulation of
larger particles in the early phase of the postprandial period
alsoinfers aninitial hydrolytic defect, which is a possible con-
sequence of increased competition for LPL. Previous work in
the JCR:LA-cp rat has shown that despite the increased pro-
duction of hepatic VLDL, proportional increases in mRNA
for the LPL activator, apoCII have not been found [47].

Intriguingly though, the larger TG-enriched particles did not
persist in the circulation of cp/cp animals after 5 h of the fat
challenge, suggesting that this defect is only affecting the
initial phase of the cascade. These later observations are con-
sistent with reports that the activity of endothelial lipases and
the cleavage of fatty acids from circulating triglyceride-rich-
lipoprotein fractions is not impaired in the JCR:LA-cp rat
[33].

4.3. Metabolic effects of postprandial insulin

In human obese subjects, studies have reported that a
high fat meal does not necessarily stimulate insulin secretion
during the postprandial period above that observed during
baseline (as assessed by absolute concentrations) [49,50].
Similarly, results in this study demonstrate that a TG-enriched
meal does not markedly alter absolute concentrations of
plasma insulin during the postprandial phase (Fig. 5). How-
ever, when expressed as the percentage change from fasting
baseline (1IAUC), we reveal that despite the hyperinsulinemia
of these animals, plasma insulin iAUC does increase signif-
icantly during the postprandial period in response to an oral
fat meal (which also contains up to 50% carbohydrate).

4.4. Hyperleptinemia, postprandial metabolism and the
JCR:LA-cp rat

The JCR:LA-cp rat exhibits hyperleptinemia and the cir-
culating values of leptin are similar to that commonly seen
in obese humans with leptin resistance [50]. We know that
differences in the level of the postprandial leptin response
can occur depending on the macro-nutrient composition of
the meal [49]. Havel and colleagues have suggested that
decreased leptin secretion during the postprandial phase
resulting from high dietary fat may facilitate weight gain
associated with the regular intake of high fat meals [45].
Moreover, during the insulin-resistant state, as in the case
of the JCR:LA-cp rat, insulin does not have the capacity to
modulate leptin secretion as readily as it does under normal
conditions. Therefore, our results suggest that in susceptible
individuals, who are both insulin-resistant and hyperleptine-
mic, the regular consumption of high fat meals may contribute
to impaired postprandial metabolism and sustained weight
gain.

In conclusion, the results of this study show for the first
time that the JCR:LA-cp rat has a marked accumulation of
postprandial apoB48 particles following an oral fat challenge.
In turn, postprandial changes in iAUC for apoB48 appear
to correlate significantly with changes in insulin-resistance.
The cp/cp phenotype is pre-disposed to the development of
atherosclerosis and our results support the hypothesis that
increased circulating concentrations of apoB48-containing
particles can exacerbate the exposure and retention of these
cholesterol-rich lipoproteins within the arterial wall. Our
findings highlight the potential atherogenic role of post-
prandial apoB48 Cm-r lipoproteins in the development of
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atherosclerosis, particularly during conditions of obesity and
early insulin resistance.
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