
Cardiovascular diseases are the most common com-
plications observed in Type II (non-insulin-depen-
dent) diabetes mellitus [1]. The multiple abnormal-
ities in lipoprotein metabolism frequently associated
with Type II diabetes play an important part in the
premature development of atherosclerosis in Type II
diabetic patients. They generally have an increased
plasma concentration of very low density lipoprotein
(VLDL) particles that has been linked both to an in-
creased synthetic rate and a decreased catabolic rate
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Abstract

Aims/hypothesis. Patients with Type II (non-insulin-
dependent) diabetes mellitus have multiple abnorm-
alities in apolipoprotein B (apoB)-containing lipo-
protein metabolism. These abnormalities are likely
to play an important part in the development of pre-
mature atherogenesis in these patients. This stable
isotope kinetic experiment was designed to study the
effect of insulin therapy on apoB metabolism in poor-
ly controlled Type II diabetic patients.
Methods. Using L-[1-13C] leucine, we studied apoB
metabolism in five control subjects without insulin re-
sistance and in six poorly controlled Type II diabetic
patients before and 2 months after the introduction
of insulin therapy.
Results. Insulin treatment induced a decrease of very
low density lipoprotein apoB plasma concentration
[121 ± 42 vs 158 ± 91 mg × l� 1, p < 0.05 (control sub-
jects: 48 ± 20)], related to an increased catabolism of
very low density lipoprotein towards intermediate
density lipoprotein or low density lipoprotein
[0.20 ± 0.08 vs 0.14 ± 0.07 pool × h� 1, p < 0.05 (control
subjects: 0.36 ± 0.10)]. On the other hand, insulin
treatment induced an acceleration of intermediate
density lipoprotein apoB turn-over without changing
its plasma concentration [77 ± 39 vs 61 ± 18 mg × l� 1,

(control subjects: 17 ± 3)], by increasing both its pro-
duction rate [22.6 ± 9.2 vs 18.2 ± 9.6 mg × l� 1 × h� 1,
p < 0.05 (control subjects: 18.4 ± 3.2)] and its catabol-
ic rate towards low density lipoprotein [0.34 ± 0.22 vs
0.22 ± 0.16 pool × h� 1, p < 0.05 (control subjects:
1.02 ± 0.13)]. Likewise, insulin treatment increased
low density lipoprotein apoB production rate
[20.2 ± 7.4 vs 16.9 ± 7.7 mg × l� 1 × h� 1, p < 0.05 (con-
trol subjects: 16.9 ± 2.3)] and restored a normal low
density lipoprotein apoB fractional catabolic rate
[0.022 ± 0.004 vs 0.018 ± 0.004 pool × h� 1, p < 0.05
(control subjects: 0.025 ± 0.004)], resulting in a con-
stant low density lipoprotein apoB plasma concentra-
tion [965 ± 485 vs 984 ± 558 mg × l� 1 (control subjects:
699 ± 106)].
Conclusion/interpretation. Insulin treatment in Type
II diabetes induces profound metabolic modifications
of lipoprotein, resulting in significant decrease of the
intravascular residence time of very low density lipo-
protein, intermediate density lipoprotein and low
density lipoprotein particles. This is likely to make
these particles less harmful. [Diabetologia (2000) 43:
27±35]

Keywords Non-insulin-dependent diabetes mellitus,
insulin, apolipoprotein B, stable isotope, kinetic
study, leucine.

Received: 31 May 1999 and in final revised form: 6 August
1999

Corresponding author: L. Duvillard, Laboratoire de Biochimie
des LipoprotØines, Hôpital du Bocage, BP 1542, 21034 Dijon,
France
Abbreviations: Apo, Apolipoprotein; FCR, fractional catabol-
ic rate; GC/C/IRMS, gas chromatography/combustion/isotope
ratio mass spectrometry; PR, production rate; SSPG, steady
state plasma glucose; TG, triglyceride; VLDL, very low density
lipoprotein; LDL, low density lipoprotein; IDL, intermediate
density lipoprotein.



of VLDL apolipoprotein B (apoB) and triglycerides
[2±6]. Although the low density lipoprotein (LDL)
cholesterol concentration is generally normal or only
moderately raised in Type II diabetic patients, LDL,
apoB metabolism is impaired. In severe or moderate-
ly severe Type II diabetes, the LDL apoB production
rate has been reported to be either normal or in-
creased, whereas LDL apoB catabolic rate was either
decreased or normal [5, 7].

Patients with poor glycaemic control despite oral
antidiabetic agents and diet are treated by insulin
which generally induces beneficial effects on the
Type II diabetic dyslipidaemia. Hypertriglyceridae-
mia is improved by insulin treatment, leading to the
reduction of VLDL and intermediate density lipo-
protein (IDL) particle number and to the diminished
triglyceride content of VLDL. This suggests that
VLDL and IDL apoB metabolism are modified by in-
sulin treatment. On the other hand, LDL cholesterol
concentration is frequently not affected by insulin
therapy [8, 9]. Nevertheless, it does not exclude LDL
apoB metabolism modifications induced by insulin
therapy.

The steps of apoB metabolism influenced by long-
term insulin treatment are not precisely known. So
far, very few kinetic studies have been done to ana-
lyse the effect of insulin treatment on ApoB metabo-
lism in Type II diabetes. The effect of insulin therapy
in Type II diabetic patients has been studied using
radio-isotopes [10], but the modifications of apoB-
containing lipoprotein metabolism shown in the stu-
died patients before the introduction of insulin treat-
ment were not necessarily representative of the ab-
normalities observed in all Type II diabetic subjects.
Indeed, these studied patients had no increase of total
VLDL apoB production and had a normal LDL
apoB catabolic rate.

Usually, Type II diabetic patients become candi-
dates for insulin treatment because diabetes is poorly
controlled and there are strong apoB metabolism ab-
normalities. Thus, to analyse precisely the effect of
insulin treatment on apoB-containing lipoprotein
metabolism in Type II diabetes, we did the first in
vivo stable isotope kinetic study on the whole
VLDL ® IDL ® LDL cascade in poorly controlled
Type II diabetic patients before and 2 months after
the introduction of insulin therapy.

Subjects and methods

Subjects. We studied six Type II diabetic patients and five heal-
thy normolipidaemic subjects with normal glucose tolerance.
All subjects underwent physical examination and laboratory
tests for exclusion of hepatic, renal and thyroid abnormalities.
Control subjects did not take any medication. At their entry
in the study, Type II diabetic patients were treated with oral
antidiabetic drugs [both sulphonylureas (glibenclamide
15 mg/day) and metformin (2550 mg/day) in all patients].

They were not taking any drugs that could affect lipid metabo-
lism. Insulin treatment was started for Type II diabetic patients
after the first kinetic experiment. It consisted of two daily in-
jections of intermediate acting human insulin at a dose of 0.26
to 1 U × kg� 1 × day� 1. Physical and biochemical characteristics
of control and Type II diabetic subjects are shown in Table 1.
The experimental protocol was approved by the ethics com-
mittee of the Dijon University Hospital, and written informed
consent was obtained from each subject before the study.

Experimental protocol. Two kinetic studies were done in each
Type II diabetic patient: the first before the introduction of in-
sulin therapy and the second 2 months later.

The day before the kinetic experiment, insulin resistance
was estimated in Type II diabetic subjects by the insulin sup-
pressive test [11]. Briefly, insulin-stimulated glucose uptake
was estimated by measuring the steady state plasma glucose
(SSPG) concentrations achieved during the last 60 min of a
180-min continuous infusion of somatostatin, insulin and glu-
cose. Somatostatin, in this test, was used to suppress endogen-
ous insulin production, and insulin and glucose were infused
at a dose of 0.8 mU × kg� 1 × min� 1 and 6 mg × kg� 1 × min� 1, re-
spectively. Normal subjects have SSPG below 6.6 mmol × l� 1

[11].
The kinetic study was carried out with patients in the fed

state. Food intake, with a leucine poor diet (1700 kcal × day� 1,
55 % carbohydrates, 39 % fats and 7 % proteins), was fractio-
nated in small portions which were provided every 2 h starting
6 h prior to the tracer infusion up to the end of the study, to
avoid important variations in apoB-100 hepatic secretion, as
previously done by other groups [10, 12]. The endogenous la-
belling of apoB was carried out by infusing L-[1-13C] leucine
(99 atom %; Eurisotop, Saint Aubin, France), dissolved in
0.9 % NaCl solution. At 0800 hours each subject received a
primed intravenous infusion of 0.7 mg × kg� 1 of tracer immedi-
ately followed by a 16 h constant infusion of 0.7 mg × kg� 1 × h� 1.
The day of the second kinetic experiment, intermediate acting
human insulin was injected into Type II diabetic patients at
0800 and 2000 hours. Blood samples were drawn in tubes with-
out anticoagulant but with a gel separator (Becton Dickinson,
Meylan, France) at 0, 0.25, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 14,
15 and 16 h after the primed infusion. Serum was separated
by centrifugation for 10 min at 4 �C and 3000 g. Sodium azide
and aprotinin were added to the serum at a final concentration
of 500 mg × l� 1 and 17 mg × l� 1, respectively.

Isolation of apo-B. Very low density lipoprotein [density
(d) < 1.006 g/ml), IDL (1.006 < d < 1.019) and LDL
(1.019 < d < 1.063) were isolated from plasma by sequential
flotation ultracentrifugation, using a 50.4 rotor in a L7 appara-
tus (Beckman Instruments, Palo Alto, Calif., USA). Inter-
mediate density lipoprotein and LDL fractions were then dia-
lysed against a 10 mmol × l� 1 ammonium bicarbonate buffer
pH 8.2 containing 0.01 % EDTA and 0.013 % sodium azide.
Very low density lipoprotein fractions were delipidated 1 h at
� 20 �C using 10 volumes of diethylether-ethanol 3 : 1. ApoB-
100 was isolated by preparative SDS-PAGE: the delipidated
apoB-100 containing material was solubilized in 0.05 mol/l
Tris buffer pH 8.6, containing 3 % SDS, 3 % mercaptoethanol
and 10 % glycerol and applied to a 3-mm thick vertical slab
gel (3 % acrylamide). After staining with Coomassie blue R-
250, apoB-100 was cut from the gel and hydrolysed in HCl
6 mol × l� 1 for 16 h at 110 �C under nitrogen vacuum. Samples
were then centrifuged to remove polyacrylamide. Superna-
tants were lyophilized in a Speed Vac (Savant Instrument,
Farmingdale, New York, USA). Lyophilized samples were dis-
solved in 50 % acetic acid, applied to an AG-50W-X8 200-400
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mesh cation exchange column (Bio-Rad, Richmond, Calif.,
USA), and amino acids were recovered by elution with
NH4OH 4 mol × l� 1 and lyophilized.

Determination of leucine enrichment by gas chromatography/
combustion/isotope ratio mass spectrometry (GC/C/IRMS).
Amino acids were converted to N-acetyl O-propyl esters and
were analysed on a Finnigan Mat Delta C isotope ratio mass
spectrometer (Finnigan Mat, Bremen, Germany). The appara-
tus and the operating conditions have been previously descri-
bed [13]. 13C leucine enrichment was initially expressed in del-
ta ½ and converted in tracer/tracee ratio prior to modelling
[14±16].

Modelling. Data were analysed with the Simulation Analysis
and Modelling (SAAM) II program (SAAM Institute, Inc.,
Seattle, Wash., USA) using the multicompartmental model
shown in Figure 1. A forcing function, corresponding to the
VLDL apoB-100 plateau enrichment, was used to drive the ap-
pearance of leucine tracer into the different lipoprotein frac-
tions [17±18]. The delay compartment accounted for the time
required for the synthesis and secretion of apoB-100 into the
plasma. Compartments 1 and 2 represented plasma apoB
VLDL, compartments 11 and 12 plasma apoB IDL. Compart-
ments 2 and 12 turned over more slowly than compartments 1
and 11, respectively. Although the majority of IDL apoB was
derived from VLDL, a direct IDL apoB input was sometimes
required. A shunt from compartment 1 to 21 also improved
the fit in some cases.

As the experiment was carried out in the steady state, frac-
tional synthetic rate equalled fractional catabolic rate (FCR).

Direct FCR of VLDL apoB and FCR from VLDL to IDL
or LDL were calculated as follows:

Direct FCRVLDL =
M2k�0;2�
M1+M2

FCRVLDL to IDL or LDL =
M1�k�11;1�+k�21;1��

M1+M2

where k(i,j) is the fractional transfer coefficient from compart-
ment j to i. Mj represents the mass (expressed as concentration
per liter of plasma) of compartment j.

Total VLDL apoB FCR is the sum of direct FCRVLDL and
FCRVLDL to IDL and LDL.

Direct FCR of IDL apoB and FCR from IDL to LDL were
calculated as follows:

Direct FCRIDL =
M12k�0;12�
M11+M12

FCRIDL to LDL =
M11k�21;11�

M11+M12

Total apoB IDL FCR is the sum of direct FCRIDL and
FCRIDL to LDL.

The FCR of LDL apoB was calculated as follows:

FCRLDL = k(0,2l)

For each lipoprotein fraction, residence time was calculated as
the inverse of FCR.

Because Type II diabetic patients were obese, production
rate in one lipoprotein fraction was the product of the total
FCR and the apoB plasma concentration of that fraction. Thus,
data were normalized to the plasma volume of each subject.

Analytical methods. Plasma glucose concentrations were mea-
sured by an enzymatic method (glucose oxidase) on a Vitros

750 analyser (Johnson & Johnson Clinical Diagnostics, Roche-
ster, N. Y., USA). HbA1c was measured with ion exchange high
performance liquid chromatography (Bio-Rad, Richmond,
Calif., USA). Serum insulin concentrations were determined
by radioimmunoassay (CIS Bio International, Gif sur Yvette,
France). Total and HDL cholesterol, triglyceride and apoB
concentrations were measured in a Cobas Fara analyser
(Roche, Basel, Switzerland). Concentrations of total and
HDL cholesterol were measured enzymatically (Boehringer
Mannheim, Mannheim, Germany), after a magnesium phos-
photungstate precipitation for HDL cholesterol. Triglycerides
were quantified with an enzymatic method (Roche, Basel,
Switzerland). apoB concentrations were measured by immu-
noturbidimetry (Boehringer Mannheim).

The mean apparent diameter of plasma LDL was deter-
mined by native polyacrylamide gel electrophoresis in
40±300 g/l gradient gels according to the procedure described
previously [19, 20].

Statistical analysis. Results are expressed as means ± SD. Sta-
tistical calculations were done using the SPSS software pack-
age. Control and diabetic groups were compared using the
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Fig.1. Multicompartmental model for kinetic analysis of
apoB metabolism. A forcing function corresponding to the
VLDL apoB-100 plateau enrichment was used to drive the ap-
pearance of leucine tracer into the different lipoprotein frac-
tions (compartment 3). Compartment 4 represents the delay.
Compartments 1 and 2 represent plasma VLDL apoB, com-
partments 11 and 12 plasma IDL apoB, and compartment 21
plasma LDL apoB. Compartments 2 and 12 turn over more
slowly than compartments 1 and 11, respectively. A direct
IDL apoB input and a shunt from compartment 1 to 21 were
required to improve the fit in some cases



non-parametric Mann-Whitney U-test. Before and after insu-
lin therapy diabetic subjects were compared using the non-
parametric Wilcoxon matched-pair test. Correlation coeffi-
cients were calculated by the Spearman test. P -values less
than 0.05 were considered to be statistically significant.

Results

Metabolic parameters. Insulin therapy improved sig-
nificantly glycaemic control in Type II diabetic pa-
tients as assessed by fasting blood glucose concentra-
tion (8.16 ± 1.11 vs 11.93 ± 1.89 mmol × l� 1; p < 0.05)
and HbA1c (7.8 ± 1.4 vs 9.3 ± 1.5%; p < 0.05) (Ta-
ble 1). Insulin sensitivity was evaluated in Type II
diabetic patients by calculating the SSPG value dur-
ing the insulin suppressive test. Insulin treatment of
2 months did not significantly improve insulin sensi-
tivity in our patients (Table 1).

Plasma lipids. Before the introduction of insulin ther-
apy Type II diabetic patients had high plasma trigly-
ceride concentrations both in the fasting and in

the fed state, compared with control subjects
(3.18 ± 2.35 vs 0.60 ± 0.18 and 3.87 ± 2.10 vs 0.90 ±
0.23 mmol × l� 1, respectively; p < 0.01) (Table 1). On
insulin therapy, plasma triglycerides fell by 35% in
the fasting state (p < 0.05) and by 24% in the fed
state (not significant). Nevertheless, plasma triglycer-
ides remained higher in Type II diabetic than in heal-
thy subjects, both in the fasting and in the fed state
(p < 0.01). Total plasma cholesterol concentration
was initially comparable between patients and con-
trol subjects and was not modified by insulin treat-
ment in Type II diabetic patients. High density lipo-
protein (HDL) cholesterol concentration was re-
duced in Type II diabetic patients before insulin ther-
apy (0.97 ± 0.20 vs 1.64 ± 0.31 mmol × l� 1) and re-
mained unchanged with insulin treatment. Very low
density lipoprotein, IDL, and LDL were triglycer-
ide-enriched in Type II diabetic patients as assessed
by the triglyceride/apoB ratio in each lipoprotein
fraction (Table 2). On insulin therapy we observed a
significant fall of the triglyceride/apoB ratio only in
the VLDL particles (21.68 ± 6.95 vs 26.51 ± 4.79;
p < 0.05). The mean LDL particle size was signifi-
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Table 1. Clinical and biological characteristics of study subjects

Type II diabetics
before insulin therapy
(n = 6)

Type II diabetics
after insulin therapy
(n = 6)

Control subjects
(n = 5)

Age (years) 52.8 ± 9.7 22.4 ± 1.1
Sex (men/women) 4/2 4/2 3/2
Weight (kg) 87.7 ± 11.6a 87.8 ± 10.0d 65 ± 9
BMI (kg × m�2) 30.5 ± 3.2b 30.6 ± 3.5e 21.8 ± 0.9
Fasting triglycerides (mmol × l�1) 3.18 ± 2.35b 2.08 ± 0.65c,e 0.60 ± 0.18
Triglycerides in the fed state (mmol × l�1) 3.87 ± 2.10b 2.96 ± 1.08e 0.90 ± 0.23
Total cholesterol (mmol × l�1) 5.64 ± 2.10 5.74 ± 2.23 4.64 ± 0.97
HDL cholesterol (mmol × l�1) 0.97 ± 0.20b 0.97 ± 0.26e 1.64 ± 0.31
Apo B (g × l�1) 1.22 ± 0.62a 1.15 ± 0.50c,d 0.76 ± 0.11
Fasting blood glucose (mmol × l�1) 11.93 ± 1.89b 8.16 ± 1.11c,e 4.38 ± 0.28
HbA1c (%) 9.3 ± 1.5 7.8 ± 1.4c

Fasting insulin (pmol × l�1) 75.2 ± 53.0
SSPG (mmol × l�1) 13.21 ± 2.33 10.82 ± 5.83

Values are mean ± SD
a p < 0.05; b p < 0.01 Type II diabetic before insulin therapy vs
control subjects

c p < 0.05 Type II diabetic subjects after vs before insulin ther-
apy
d p < 0.05; e p < 0.01 Type II diabetic after insulin therapy vs
control subjects

Table 2. Characteristics of the different apoB-containing lipoproteins from Type II diabetic and control subjects

Type II diabetic
before insulin therapy
(n = 6)

Type II diabetic
after insulin therapy
(n = 6)

Control subjects
(n = 5)

VLDL TG/apoB 26.51 ± 4.79 21.68 ± 6.95b 18.55 ± 8.40
IDL TG/apoB 3.56 ± 0.41a 3.19 ± 0.24c 2.83 ± 0.58
LDL TG/apoB 0.54 ± 0.21a 0.44 ± 0.04c 0.32 ± 0.08
LDL mean diameter (nm) 25.6 ± 0.2a 25.9 ± 0.8d 27.5 ± 0.7

The TG/apoB ratios were calculated from data expressed as
mmol × l�1 for TG and g × l�1 for apoB
Values are mean ± SD
a p < 0.05 Type II diabetic before insulin therapy vs control
subjects

b p < 0.05 Type II diabetic subjects after vs before insulin ther-
apy
c p < 0.05; d p < 0.01 Type II diabetic after insulin therapy vs
control subjects



cantly smaller in Type II diabetes (25.6 ± 0.2 vs
27.5 ± 0.7 nm; p < 0.05) and was unchanged on insulin
therapy.

Apo B kinetic. Kinetic curves are shown in Figure 2,
for one control subject and one Type II diabetic pa-
tient before and after the start of insulin therapy.

Figure 3 represents apoB plasma concentration in
VLDL, IDL and LDL fractions in function of time
during the kinetic experiment for one representative
studied subject. The coefficient of variation through-
out the study was respectively 4.8, 9.2 and 5.1% for
plasma VLDL, IDL and LDL apoB. The coefficient
of variation for VLDL TG/apoB ratio was 11.3%.

ApoB pool size, production rate and fractional
catabolic rate are shown in Table 3 for VLDL, IDL
and LDL particles and for each Type II diabetic pa-
tient. Before insulin therapy VLDL apoB plasma
concentration was 3.49-fold increased in Type II dia-
betic patients compared with control subjects
(p < 0.01), related both to a 41% increase of VLDL
apoB production rate (p < 0.05) and to a 61% de-
crease of the transformation rate of VLDL into IDL
and LDL (p < 0.05). VLDL apoB production rate re-

mained significantly higher in Type II diabetic pa-
tients than in control subjects after adjustment for
age. On insulin therapy we observed a 23% decrease
of VLDL apoB plasma concentration (p < 0.05),
related to a significant increase of VLDL apoB frac-
tional catabolic rate towards IDL and LDL
(0.20 ± 0.08 vs 0.14 ± 0.07 pool × h� 1; p < 0.05). Insulin
did not reduce VLDL apoB overproduction. Despite
the beneficial effect of insulin therapy on VLDL
apoB metabolism, VLDL apoB plasma concentra-
tion remained higher in Type II diabetic patients
than in control subjects (p < 0.01) and VLDL apoB
fractional catabolic rate towards IDL or LDL was
not normalized (p < 0.05).

IDL apoB plasma concentration was initially 4.52-
fold increased in Type II diabetic patients (p < 0.01),
related to a 78% decrease of IDL transformation
into LDL (p < 0.01) and was not significantly modi-
fied by insulin therapy. Nevertheless, apoB IDL
turn-over was accelerated with insulin treatment. In-
deed, we observed both an increase of IDL apoB pro-
duction rate (22.6 ± 9.2 vs 18.2 ± 9.6 mg × l� 1 × h� 1,
p < 0.05) and of IDL apoB catabolic rate towards
LDL (0.34 ± 0.22 vs 0.22 ± 0.16 pool × h� 1; p < 0.05).
Intermediate density lipoprotein apoB catabolic rate
towards LDL remained, however, diminished in
Type II diabetic patients compared with control sub-
jects (p < 0.01).

Before insulin treatment LDL apoB FCR was sig-
nificantly decreased in Type II diabetic patients com-
pared with control subjects (0.018 ± 0.004 vs
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A

B

C

Fig.2 A±C. [13C] Leucine enrichment curves of human apoB-
100 in one Type II diabetic patient before (A) and 2 months
after the introduction of insulin therapy (B) and one control
subject (C). Tracer/tracee values (mean of triplicates) from
VLDL (squares), IDL (triangles) and LDL (circles) were mea-
sured by GC/C/IRMS. The curves were obtained by compart-
mental modelling

A

B

Fig.3 A, B. Evolution of VLDL (circles), IDL (squares) and
LDL (triangles) apoB concentration (A), and of VLDL TG/
apoB (B) in one insulin-treated Type II diabetic subject during
the kinetic experiment. In this patient, the coefficient of varia-
tion for these parameters throughout the study was respective-
ly 4.8, 9.2, 5.1 and 11.3 %. The values were similar in all studied
subjects



0.025 ± 0.004 pool × h� 1; p < 0.05), even after adjust-
ment for age. The most spectacular effect induced by
insulin therapy in these patients was the almost nor-
malization of LDL apoB FCR (0.022 ± 0.004
pool × h� 1; p < 0.05). Low density lipoprotein apoB
production rate has also been significantly increased
by insulin treatment (20.2 ± 7.4 vs 16.9 ±
7.7 mg × l� 1 × h� 1; p < 0.05). Due to the opposite effect
of production and catabolism increases, LDL apoB
plasma concentration was unchanged by insulin treat-
ment.

The mean residence time of VLDL, IDL and LDL
particles, initially prolonged in Type II diabetic pa-
tients compared with control subjects [5.84 ± 3.38 vs
2.41 ± 0.72 h (p < 0.05); 5.67 ± 4.2 vs 0.9 ± 0.1 h
(p < 0.01); 57.8 ± 10.3 vs 41.6 ± 6.5 h (p < 0.05), re-
spectively], was significantly decreased by insulin
therapy [4.83 ± 1.83 vs 5.84 ± 3.38 h (p < 0.05);
3.06 ± 1.36 vs 5.67 ± 4.2 h (p < 0.05); 47.1 ± 8.9 vs
57.8 ± 10.3 h (p < 0.05), respectively].

Discussion

It is now well established that Type II diabetes is as-
sociated with multiple potentially atherogenic ab-
normalities of lipoprotein metabolism. This stable
isotope kinetic study was designed to explore the ef-
fect of insulin treatment on apoB-containing lipopro-
tein metabolism in Type II diabetic patients with
poor glycaemic control. We chose to study the meta-

bolism of apoB in the postprandial state, since this
state is the most frequent for humans during a 24 h
period. Moreover, many data suggest that athero-
sclerosis could be partially a postprandial phenomen-
on [21]. The daily food intake was divided into small
portions taken by the subjects every 2 h, as done pre-
viously by several groups [10, 12]. With this protocol
the VLDL TG/apoB ratio and the apoB concentra-
tion in the different lipoprotein fractions remained
constant throughout the kinetic study, indicating that
the subjects were in steady state.

Before the introduction of insulin therapy, the
apoB-containing lipoprotein metabolism was greatly
impaired in the Type II diabetic patients who partici-
pated in our study, in agreement with previous works
[2±6]. These patients had an increased plasma con-
centration of triglyceride-enriched VLDL particles,
related both to an increased hepatic secretion rate
and a strongly decreased catabolism towards IDL or
LDL. Intermediate density lipoprotein apoB catabo-
lism was also decreased, resulting in an increased
number of circulating IDL particles. Finally, LDL
apoB concentration was not significantly different in
Type II diabetic patients and control subjects but
LDL apoB catabolic rate was significantly decreased
in these patients, resulting in a prolonged intravascu-
lar residence time, which is likely to be harmful.

Insulin therapy partially corrected the defects ob-
served on the catabolic rate of apoB-containing lipo-
proteins in Type II diabetes. The 23 % decrease of
VLDL apoB plasma concentration induced by insulin
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Table 3. ApoB kinetic parameters in 6 Type II diabetic patients before and during insulin therapy and in 5 control subjects

VLDL apoB IDL apoB LDL apoB

Plasma
pool
(mg × l�1)

Production
(mg × l�1 × h�1)

Fractional rate
(pool × h�1)

Plasma
pool
(mg × l�1)

Production
(mg × l�1 × h�1)

Fractional rate
(pool × h�1)

Plasma
pool
(mg × l�1)

Production
(mg × l�1 × h�1)

Fractional
catabolic rate
(pool × h�1)

Direct
catabolism

Transfer
to IDL
or LDL

Direct
catabolism

Transfer
to LDL

Type II diabetic subjects
before insulin
1 95 33.4 0.08 0.27 42 25.5 0.08 0.53 903 22.3 0.025
2 110 23.7 0.05 0.17 51 19.1 0.15 0.23 709 11.6 0.016
3 159 31.7 0.07 0.13 70 20.5 0.13 0.16 731 11.3 0.015
4 336 26.9 0 0.08 152 30.3 0.00 0.20 2111 30.2 0.014
5 150 32.2 0.13 0.09 69 8.0 0.00 0.12 692 12.9 0.019
6 97 18.1 0.05 0.14 76 6.0 0.00 0.08 757 13.2 0.018
Mean ± SD 158 ± 91b 27.7 ± 6.0a 0.06 ± 0.04 0.14 ± 0.07a 77 ± 39b 18.2 ± 9.6 0.06 ± 0.07 0.22 ± 0.16b 984 ± 55816.9 ± 7.7 0.018 ± 0.004a

Type II diabetic subjects
after insulin
1 85 30.5 0.01 0.35 37 29.7 0.04 0.76 1008 28.2 0.028
2 99 27.9 0.07 0.21 47 20.7 0.06 0.38 754 18.1 0.024
3 152 34.2 0.09 0.13 75 23.0 0.11 0.20 713 15.0 0.021
4 182 36.4 0 0.20 87 36.3 0.07 0.34 1923 30.8 0.016
5 135 16.8 0 0.12 58 12.2 0.05 0.16 730 15.3 0.021
6 75 14.5 0.01 0.18 61 13.8 0.00 0.23 661 13.9 0.021
Mean ± SD 121 ± 42c,e 26.7 ± 9.1 0.03 ± 0.04 0.20 ± 0.08c,d 61 ± 18e 22.6 ± 9.2c 0.06 ± 0.04 0.34 ± 0.22c, e 965 ± 48520.2 ± 7.4c 0.022 ± 0.004c

Control subjects
Mean ± SD 48 ± 20 19.6 ± 2.4 0.08 ± 0.08 0.36 ± 0.10 17 ± 3 18.4 ± 3.2 0.09 ± 0.07 1.02 ± 0.13 699 ± 10616.9 ± 2.3 0.025 ± 0.004

a p < 0.05; b p < 0.01 Type II diabetic before insulin therapy vs control subjects
c p < 0.05 Type II diabetic subjects after vs before insulin therapy
d p < 0.05; e p < 0.01 Type II diabetic after insulin therapy vs control subjects



therapy was entirely due to the improvement of their
catabolic rate. Indeed, insulin treatment had no effect
on the VLDL apoB overproduction shown by our
Type II diabetic patients. Synthesis of IDL apoB
from VLDL was increased on insulin treatment, but
its transformation into LDL apoB was also acceler-
ated. Thus, plasma IDL apoB concentration was not
notably changed. Finally, the increased synthetic rate
of LDL apoB from IDL was counterbalanced by the
normalization of LDL apoB catabolism, resulting in
a constant plasma concentration.

A decrease of hepatic VLDL apoB production
could not be achieved in Type II diabetic patients by
a 2-month insulin treatment. Insulin interacts with
hepatic apoB secretion by at least two mechanisms.
In healthy subjects, euglycaemic hyperinsulinaemic
clamp studies have shown that insulin suppresses the
production of VLDL1 particles by decreasing the
availability of free fatty acids to the liver and by ex-
erting a direct suppressive effect on apoB production
[22]. In Type II diabetic subjects, euglycaemic hyper-
insulinaemic clamp studies yielded contradictory re-
sults, reporting either a twofold decrease of VLDL
apoB production [23], or the inability of insulin to
suppress VLDL1 production despite efficient sup-
pression of serum non-esterified fatty acids and eu-
glycaemic conditions [24]. Contrary to hyperinsuli-
naemic clamp tests, our study gave us the opportunity
to examine the effect on apoB metabolism of long-
term insulin administration at more physiologic do-
ses. We failed to show any inhibitory effect of insulin
therapy on hepatic apoB secretion. The resistance to
the suppressive effect of insulin on hepatic apoB pro-
duction has also been found in obese non-diabetic
subjects [25], indicating that the presence of this ab-
normality in Type II diabetic patients is probably a
characteristic feature of the insulin resistance state
and that it could appear at a very early stage in these
patients. Insulin sensitivity as assessed by the SSPG
value during insulin treatment was not much im-
proved. Consequently, the persistence of apoB
VLDL overproduction in insulin-treated Type II dia-
betic patients is not surprising.

The number of secreted VLDL particles was not
modified with insulin therapy in our Type II diabetic
patients, but the VLDL TG/apoB ratio significantly
decreased. It has been reported previously that nei-
ther sulphonylurea nor insulin therapy diminished
apoB secretion rate in Type II diabetic patients,
whereas glycaemia, plasma non-esterified fatty acid
concentration and hepatic triglyceride production
were all reduced [10, 26]. We did not measure the tri-
glyceride secretion rate in our study. Nevertheless,
the decreased TG/apoB ratio after the introduction
of insulin therapy is consistent with the production
of denser and less TG-enriched VLDL. In that case,
the acceleration of VLDL, IDL and LDL apoB cata-
bolism could be explained by the incorporation of

apoB in VLDL particles being more quickly catabo-
lized throughout the VLDL ® IDL ® LDL cascade,
as shown by selective radioactive labelling of
VLDL1 and VLDL2 [27, 28].

Alternatively, the decrease of the VLDL TG/apoB
ratio and the acceleration of the transformation of
VLDL and IDL respectively into IDL and LDL in in-
sulin-treated Type II diabetic patients possibly indi-
cates that the delipidation process in the
VLDL ® IDL ® LDL cascade has been improved.
Indeed, insulin therapy has been shown to partially
restore the adipose tissue lipoprotein lipase activity,
which is likely to contribute to the better VLDL lipo-
lysis observed in insulin-treated Type II diabetic pa-
tients [8, 10].

This study shows for the first time that in Type II
diabetic patients who have a decreased LDL catabol-
ic rate insulin therapy could restore this catabolism to
a normal level, leading to a normal LDL particle resi-
dence time. In moderately severe Type II diabetes,
the decrease of LDL catabolism is multifactorial.
The glycation of apoB [29, 30], as well as the small
size and the triglyceride enrichment of LDL in Type
II diabetic subjects [30±33] have been shown to di-
minish the affinity of these particles to their receptor.
The improvement of glycaemic control as assessed by
the decrease of both HbA1c and fasting glycaemia in
our patients is consistent with a lesser apoB glycation
and subsequently a greater affinity of LDL to their
receptor. On the contrary, insulin therapy had only
little effect on the high triglyceride content and the
small size of LDL, suggesting that modifications of
size and triglyceride content of LDL are not likely to
be involved in the improvement of LDL catabolism.
On the other hand, the increased expression of LDL
receptors by insulin therapy could probably contri-
bute to the increase of LDL catabolism that we ob-
served [34].

The prolonged LDL residence time observed in
Type II diabetic patients before the introduction of
insulin therapy is likely to be harmful because it in-
creases the chances of glycation and oxidation of
LDL particles, as already suggested [35, 36]. Oxida-
tive processes are involved in atherogenesis. Indeed,
the uptake of oxidative LDL by macrophages in the
vessel wall induces the formation of foam cells, one
of the first steps in the development of atherosclero-
tic lesions [37]. Low density lipoprotein glycation is
likely to be harmful by promoting LDL oxidation
and because glycated LDL is more easily taken up
by macrophages than normal LDL [38±40]. Situa-
tions in which LDL plasma residence time is shor-
tened, such as statin treatment, is accompanied by a
reduction of LDL oxidizability [41]. Moreover, it has
been shown that an 18 % reduction of LDL residence
time under simvastatin treatment induced a 59% de-
crease of LDL glycation in Type II diabetic patients
[42]. The normalization of LDL residence time in-
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duced by insulin therapy in our patients is to our mind
of major importance, as LDL is exposed to glycative
and oxidative modifications for a shorter time. Thus,
even if insulin therapy does not modify LDL apoB
concentration in Type II diabetic patients, it is likely
to make LDL particles less atherogenic by decreasing
their intravascular residence time and thus by de-
creasing their susceptibility to glycation and oxida-
tion.

In conclusion, our stable isotope kinetic study has
shown that a 2-month insulin treatment significantly
improves the apoB-containing lipoprotein metabo-
lism in Type II diabetic patients. Indeed, in insulin-
treated Type II diabetic patients the delipidation pro-
cess through the VLDL ® IDL ® LDL cascade is
faster, and we observed a normalization of the LDL
apoB catabolic rate in patients for whom it was initi-
ally decreased. The acceleration of all apoB-contain-
ing lipoprotein catabolism indicates that the resi-
dence time of these particles is shorter which is likely
to make them less harmful by decreasing their sus-
ceptibility to glycation and oxidation.
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