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Response of adipose tissue lipoprotein lipase activity 
and serum lipoproteins to acute hyperinsulinaemia in man 
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Summary. In order to assess the short-term effects of hyper- 
insulinaemia and hyperglycaemia on adipose tissue lipopro- 
tein lipase activity and on serum lipoproteins, we measured 
these variables in ten normal subjects during euglycaemic and 
hyperglycaemic hyperinsulinaemic clamps. The mean steady- 
state plasma glucose and insulin concentrations, respectively, 
were 4.7 mmol/1 and 101 mU/1 during euglycaemic moderate- 
insulin clamp, 4.9 mmol/1 and 565 mU/1 during euglycaemic 
high-insulin clamp, and 8.8 mmol/1 and 148 mU/l during hy- 
perglycaemic clamp. Saline infusion was used as control. The 
adipose tissue lipoprotein lipase activity rose significantly 
over 5 h during high-insulin clamp (p< 0.01) and during hy- 
perglycaemic clamp (p< 0.05), but did not change during the 
moderate-insulin clamp. The magnitude of change of lipopro- 
tein lipase activity from baseline (either rise or fall) was in- 
versely related to the preclamp activity during euglycaemic 
moderate-insulin clamp (r=-0.67), during hyperglycaemic 
clamp (r= -0.68) and during infusion of saline (r= -0.75, 
p<0.05). Total serum triglyceride concentration decreased 

significantly during all clamp studies compared with the con- 
trol experiment. This change was mainly accounted for by a 
decrease of VLDL triglyceride. The LDL cholesterol level fell 
by an average of 5% (p< 0.05) during the high-insulin clamp 
and by 10% (p< 0.05) during the hyperglycaemic clamp. The 
HDL cholesterol level did not change significantly. It is con- 
cluded that adipose tissue lipoprotein lipase activity in man is 
increased by physiological insulin levels during hypergly- 
caemia and also by supraphysiological insulin levels during 
euglycaemia, but is not influenced by physiological hyperin- 
sulinaemia without hyperglycaemia. Low basal lipoprotein 
lipase activity is more sensitive to insulin-glucose stimulation 
than primarily high lipoprotein lipase activity. Acute hyper- 
insulinaemia decreases VLDL triglyceride and LDL choles- 
terol concentrations. 
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Several studies have suggested that insulin participates 
in the regulation of lipoprotein lipase (LPL) activity in 
human adipose tissue. Insulin deficiency and insulin re- 
sistance in diabetic subjects are associated with subnor- 
mal levels of LPL which are restored with insulin treat- 
ment [1, 2]. In healthy subjects, adipose tissue LPL 
decreases during fasting [3, 4] and increases with carbo- 
hydrate feeding [5-7]. The LPL response is related to 
basal LPL activity [6]. 

In subjects with endogenous hypertriglyceridaemia 
[6] and in normotriglyceridaemic subjects on chronic 
haemodialysis [8], the rise of LPL induced by high-car- 
bohydrate feeding is inversely related to the basal level. 
Although these studies do not separate the effects of in- 
sulin from those of glucose and gut hormones, they sug- 
gest that basal LPL activity influences its responsive- 
ness to various regulators. This was also shown by 
Sadur et al. [9] who found that only low LPL values in- 

creased during hyperinsulinaemia. It is not known, 
however, whether a high basal enzyme activity or the 
dose of insulin is the more important regulator of adi- 
pose tissue LPL activity. 

In the present study we measured the effects of insu- 
lin at two plasma levels, during euglycaemia and during 
hyperglycaemia, on adipose tissue LPL activity. Since 
LPL participates in the regulation of serum levels of 
both VLDL and high-density lipoprotein (HDL), the re- 
sponse of serum lipoproteins was also examined. 

Subjects and methods 

Subjects 
Fourteen healthy students (seven females and seven males), age range 
from 19 to 31 years (22_ 1 years, mean • SEM) were studied. Their 
weight (based on medium frame individuals from the Metropolitan 
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Life Insurance Company standards, 1959) ranged from 93 to 114% 
(103 +2%) ideal body weight. All subjects were consuming a weight- 
maintaining diet that contained at least 200 g of carbohydrate/day for 
3 days before each study. No subject had a family history of diabetes 
mellitus or lipid disorders, and none was taking any medication. Exer- 
cise histories were variable. The purpose, nature, and potential risks 
of the study were explained to all subjects and informed consent was 
obtained before their participation. The experimental protocol was 
approved by the Ethical Committee of the Helsinki University Hospi- 
tal. 

Experimental protocol 

All studies were begun at 08.00 h after a 10 to 12-h overnight fast. An 
indwelling retrograde catheter was inserted into a hand vein for blood 
sampling. The hand was then inserted into a heated chamber (70 ~ 
to arterialize venous blood [10]. Adipose tissue biopsies for determina- 
tion of LPL activity and blood samples for lipid analyses were taken 
30-45 rain before starting glucose and insulin or saline (0.15 tool/l) in- 
fusions, and these were repeated after 5-h clamp. Four protocols 
(A-D) were used to study the effects of insulin and/or glucose or sa- 
line on LPL activity and blood lipids. A total of 40 studies were per- 
formed in the 14 subjects. Ten subjects (five males and five females) 
participated in 32 studies (10euglycaemic low-insulin (A) and six 
high-insulin (B) clamps, 10 hyperglycaemic damps (C), and six saline 
control studies (D)). The remaining four subjects participated in a 
euglycaemic high-dose insulin clamp and a saline control study (eight 
studies). There was at least a 10-day interval between the studies. 

Protocols A and B: euglyeaemic hyperinsulinaemic clamps at two levels 
ofhyperinsulinaemia. The effect of two levels of hyperinsulinaemia at 
basal plasma glucose concentration was determined by the insulin 
clamp technique [11]. Priming plus continuous infusion of crystalline 
porcine insulin (Actrapid, Novo, Copenhagen, Denmark) were ad- 
ministered. The priming doses were given in a logarithmically-de- 
creasing manner for 10 min to raise the plasma insulin concentration 
to the desired levels [100 and 600 mU/1 in the low-insulin (protocol A, 
five males, five females) and high-insulin (protocol B, five males, five 
females) euglycaemic clamps, respectively]. Thereafter insulin was in- 
fused for 290 rain at a constant rate of 40 mU. m -2- min -1 (protocol 
A) or 180 mU. m-2. rain-1 (protocol B) to maintain the desired insu- 
lin level. Blood samples for determining plasma insulin concentration 
were taken at 30-min intervals. Basal plasma glucose values were 
measured in the morning before each study. The plasma glucose was 
maintained at the basal level by the determination of the plasma glu- 
cose concentration from arterialized venous blood every 5 rain and 
concomitant adjustment by infusion of 20% glucose solution. Under 
these steady-state conditions of constant hyperinsulinaernia and 
euglycaemia, hepatic glucose production is suppressed [11] and the 
amount of glucose infused (M) serves as a measure of the total 
amount of glucose metabolised by the body. 

Protocol C: hyperglycaemic clamp with hyperinsulinaemia. In 10 sub- 
jects (five males, five females) the plasma glucose concentration was 
acutely raised and maintained at 4.0 mmol/1 above basal level by a 
priming (5.5 rag-kg-1, min-1) and variable infusion of a 20% glucose 
solution. The variable infusion was started at 12-14 min, when the 
10-min plasma glucose concentration became available. The priming 
(0-10rain) and continuous (10-290min) infusions of insulin 
(40 mU. m 2. rain-l) were given as described above in the low-dose 
euglycaemic clamp protocol. 

Protocol D: saline control infusion. Ten subjects (five males and five fe- 
males) received infusion of saline (0.15 tool/l) for 5 h. Plasma glucose 
and insulin concentrations were measured at 0 h and 5 h. 

Assay of  heparin-releasable LPL activity 
in the adipose tissue 

Heparin-releasable LPL activity was measured from needle-biopsy 
specimens. Subcutaneous adipose tissue biopsy was taken by aspira- 

tion from the gluteal region. The skin at biopsy sites was anaesthetized 
with 1% lignocaine. The tissue was taken into saline (0.15 tool/l) at 
room temperature, washed, blotted, weighed and used for assay of 
LPL activity either immediately or after storage at - 70 ~ The activi- 
ty was measured from heparin eluates of tissue pieces using labelled 
triolein emulsion as substrate [12]. The interassay coefficient of varia- 
tion for the measurement of LPL activity of the internal milk standard 
averages 86% with a range of 80%-116% around the mean [12]. The 
results are expressed as ~mol non-esterified fatty acids (NEFA) re- 
lease t it] 1 h by 1 g of tissue. 

Separation of  lipoproteins 

The lipoprotein fractions were isolated by sequential flotation [13] in a 
Beckman Model L 70 ultracentrifuge (Beckman Instruments, Palo Al- 
to, California, USA) using a Type 50.3 Ti Beckman rotor. VLDL was 
separated by spinning serum at a density of 1.006 g/ml for 18 h at 
38,000 rev/min. The top layer (=  VLDL) was removed by tube slicing 
and the density of the infranatant was adjusted to 1.063 g/ml with a 
solution of KBr (354 g/l) + NaC1 (153 g/l) and the LDL was floated 
to the surface by spinning for 24 h at 38,000 rev/min. The density of 
the LDL infranatant was raised to 1.125 g/ml with the same KBr- 
NaCI mixture and the high density lipoprotein 2 (HDL2) was sepa- 
rated by centrifugation at 38,000 rev/min for 65 h. After tube slicing 
the density of the bottom fraction was adjusted to 1.210 g/ml with the 
KBr-NaC1 mixture and the HDL3 was floated to the surface by spin- 
ning for 65 h at 35,000 rev/min. After isolation the four lipoprotein 
fractions were dialysed overnight against NaC1 (0.15 tool/l) at +4~ 
and their cholesterol and triglyceride contents were analysed. 

Analytical methods 

Plasma glucose was determined during the studies by the glucose oxi- 
dase method using the Beckman glucose analyser (Beckman Instru- 
ments, Clinical Instruments Division, Fullerton, California). Plasma 
insulin concentrations were determined by radioimmunoassay [14]. 
The concentration of cholesterol was determined by an enzymatic 
method using a commercial reagent kit (187313 of Boehringer 
Diagnostica, Mannheim, FRG). Triglycerides were measured by auto- 
analyzer using kit 297771 of Boehringer Diagnostica [15]. Serum 
NEFA concentration was determined according to Mosinger [16]. 

Data analysis 

Statistical comparisons between clamp studies and saline infusion 
were performed using Student's t-test for unpaired observations and 
Pearson's linear regression analysis using Biomedical Data Process- 
ing (BMDP) computer programs 3D and 8D, and program 2D for da- 
ta description including analysis of distribution of variables [17]. Wil- 
coxon's rank-sum test for unpaired observations was used when 
distribution was not normal [18]. Statistical comparisons of baseline 
values between different studies were calculated with analysis of vari- 
ance using BMDP computer program 7D [17]. All results are ex- 
pressed as mean + SEM. 

Results 

Plasma glucose and insulin concentrations, 
and total glucose metabolism during clamp studies 

Euglycaemic clamps. The f a s t i ng  p l a s m a  g l u c o s e  c o n -  
c e n t r a t i o n s  (4.8 _+ 0.1 a n d  4.5 + 0.1 m m o l / 1 )  we re  m a i n -  
t a i n e d  at  4.7 + 0.1 a n d  4.9 _+ 0.1 r e too l /1  w i th  coe f f i c i en t s  
o f  v a r i a t i o n  o f  7 . 7 + 0 . 7 %  a n d  1 1 . 4 + 0 . 9 %  d u r i n g  low-  
a n d  h i g h - d o s e  i n s u l i n  c l a m p s .  T h e  f a s t i ng  p l a s m a  i n su -  
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lin concentrations (7.0_+0.6 and 9.1_+l.0mU/l) in- 
creased to steady-state levels (30-300 min) of 101 _+ 3 
and 565 _+ 22 mU/1 during low- and high-insulin eugly- 
caemic clamps, respectively. The stability of the plasma 
insulin concentration is indicated by the coefficients of 
variation which were 11.6 _+ 1.9% and 12.9 _+ 1.0% in the 
low- and high-dose studies, respectively. The amounts 
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Fig. 1. Absolute change in adipose tissue LPL during infusion of sa- 
line (n= 10), euglycaemic low-dose (n= 10, A) and high-dose (n = 10, 
B) insulin clamps and during hyperglycaemic hyperinsulinaemia 
(n=10, C). ~ p<0.05, * p<0.01 
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of glucose infused during low- and high-dose euglycae- 
mic clamp studies (20-300 min) were 9.88 +0.63 and 
14.10 +_ 1.20 mg. kg -1. min -1, respectively. A direct re- 
lationship was observed between the individual values 
in the two euglycaemic clamps (r= 0.94, p< 0.01). 

Hyperglycaemic hyperinsulinaemic clamp. The fasting 
plasma glucose concentration of 4.7 + 0.1 mmol/1 was 
elevated and maintained at 8.8 -+ 0.3 mmol/1 with a co- 
efficient of variation of 5.5 + 0.6% (20-300 min). The 
fasting insulin concentration rose to 147-+14mU/1 
(30-300 rain). The amount of glucose infused to main- 
tain hyperglycaemia was 17.87 _+ 1.30 mg. kg -1. min -1. 
The rate of glucose utilization was significantly higher 
during hyperglycaemic clamp than during the euglycae- 
mic high-insulin clamp (p < 0.005, paired t-test). The in- 
dividual rates of glucose metabolism during the hyper- 
glycaemic clamp were related to the rates of glucose 
metabolism during the low-dose (r= 0.86, p< 0.01) and 
high-dose (r=0.94, p<0.01) insulin euglycaemic 
clamps. 

Adipose tissue LPL activity 

Basal LPL activities were 3.54+0.67, 2.06+0.60, 
2.26_+0.59, and 1.78 _+ 0.37 ~tmol NEFA.g-I .h  -1 in 
low- (A) and high-dose (B) euglycaemic clamps, hyper- 
glycaemic clamp (C) and saline control study (D), re- 
spectively (NS). When compared with saline controls, a 
significant stimulatory response of LPL was observed 
during the high-dose insulin clamp (p< 0.01, Fig. 1) and 
the hyperglycaemic clamp (p < 0.05) but not during the 
low-dose insulin clamp. During saline infusion LPL ac- 
tivity fell by 30% to 1.29_+0.29 ~tmol NEFA.g-I-h  -~ 
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Fig. 2. Relationship between the absolute 
change of adipose tissue LPL and the basal 
enzyme activity during the 5-h euglycaemic 
low-dose ( r =  - 0.67, p <  0.05, A), and 
high-dose ( r =  - 0 . 4 8 ,  NS, B) insulin 
clamps, during hyperglycaemic hyperinsu- 
linaemia (r = - 0.68, p < 0.05, C) and during 
infusion of saline ( r =  - 0.75, p < 0.05, D) 
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Table 1. C h a n g e  o f  l ipoprotein triglyceride and  cholesterol concentrat ions  dur ing  5-h euglycaemic hyper insul inaemia ,  hyperglycaemic  hyper-  
insul inaemia ,  and  infus ion o f  saline 

Euglycaemic  hyper insu l inaemia  

1 m U .  kg-1 .  rain -~ 4.5 m U . k g  -~ .rain -1 
insul in infus ion insul in infus ion 
(n = 10) (n = 10) 

Hyperglycaemic  Infus ion  
hyper insu l inaemia  o f  saline 

(n = 10) (n = lo) 

Mean  p l a sma  glucose 
(30-300min ,  mmol/1)  4.7 +0.1  4.9 +- 0.1 8.8 +- 0.3 4.2 +0.1  

M e a n  p l a sma  insulin 
(30 -300min ,  mU/1)  101 + 3  565 _+ 22 148 +_ 14 7.0 _+1.7 

Serum N E F A  (mmol/1) 0 h 0.50 + 0.06 0.60 +- 0.06 0.53 + 0.04 0.57_+ 0.07 
5 h 0.16 + 0.02 d' e 0.16 + 0.03 d' e 0.14 +- 0.02 d" e 0.88 + 0.09 a 

Triglyeeride (mmol/1) 
Total 0 h 0.96 + 0.12 1.16 + 0.26 0.79 + 0.07 1.08 _+ 0.16 

5 h 0.66 + 0.07 c, e 0.78 +- 0.09 d' e 0.56 + 0.07 d' e 1.03 + 0.14 ~ 

V L D L  Oh 0.41+0.11 0 .56+  0.14 0 .26+  0.04 0 .44+0.10  
5 h 0.18 ___ 0.068, e 0.29 +- 0.08 c, e 0.13 + 0.03 d 0.41 _+ 0.10 a 

L D L  0 h 0.21 + 0.02 0.24 + 0.02 0.21 + 0.02 0.29 -+ 0.04 
5 h 0.20 + 0.01 0.19 + 0.02 c, e 0.18___ 0.028 0.28 + 0.04 

H D L  Oh 0 .34+0.25 0 .36+ 0.02 0.31_+ 0.04 0.35-+0.03 
5 h 0.28 _+ 0.02 0.29 + 0.01 b 0.26 + 0.04 0.33 +- 0.06 

Cholesterol (mmol/1) 
Total 0 h 3.57 _+ 0.14 3.93 _+ 0.20 3.36 _+ 0.23 4.05 _+ 0.24 

5 h  3.46_+0.1U 3.69_+ 0 .20  d'e 3.14_+ 0.18 ~,e 4.08_+0.17 

V L D L  0 h 0.19 _+ 0.04 0.23 + 0.05 0.12 _+ 0.02 0.23 _+ 0.05 
5 h 0.10 + 0.03 d 0.15_+ 0.05 d 0.07 +- 0.02 c 0.16_+ 0.04 a 

L D L  Oh 2 .24+0.08  2.57-+ 0.16 2.25_+ 0.14 2 .66+0.12  
5 h 2.23 -+ 0.08 2.47 -+ 0.160, e 2.04 _+ 0.160, e 2.75 _+ 0.11 a 

H D L  Oh 1.14-+0.07 1.12_+ 0.08 0 .99+ 0.07 1.16+_0.11 
5 h 1.13 +_ 0.07 1.07 +_ 0.07 a 1.03 +_ 0.04 1.17 + 0.12 

Resul ts  are expressed as m e a n  + SEM. a p < 0.05 ; b p < 0 . 0 1 ,  c ]7 < 0.005, d p < 0.001 for differences between 0 and  5 h (paired t-test); e p < 0.05 
for changes  dur ing c lamps versus changes  dur ing  saline infus ion (unpai red  t-test) 

(p < 0.02). The absolute change of LPL activity was in- 
versely related to basal LPL level during the euglycae- 
mic low-dose insulin clamp (r=-0.67,  p<0.05, 
Fig. 2 A), the hyperglycaemic clamp (r = - 0.68, p < 0.05, 
Fig. 2 C), and during saline infusion (r= - 0.75, p < 0.05, 
Fig. 2 D), but not during the high-insulin euglycaemic 
clamp (r= 0.48, NS, Fig. 2 B). 

Serum lipids and lipoproteins 

Inhibition of lipolysis as judged from the decline in 
NEFA levels occurred during all clamps (Table 1). Dur- 
ing saline infusions, NEFA levels rose by 55% (p< 
0.05). During all three clamp experiments, serum total 
triglyceride concentrations fell significantly. The most 
prominent change was seen in VLDL triglycerides, 
which decreased significantly during all clamps. LDL 
cholesterol fell significantly during both the hypergly- 
caemic and the high-dose euglycaemic clamps. No sig- 
nificant change in HDL cholesterol or HDL triglyceride 
or their subfractions occurred as compared to saline in- 
fusion. 

Relationships between glucose and lipid metabolism 
in the basal state and during clamps 

Neither basal LPL activity nor the change in LPL dur- 
ing any of the clamps correlated with the amount of glu- 
cose metabolised (M). Neither was any correlation 
found between the M-value and decreases in total se- 
rum triglyceride and VLDL triglyceride. 

Discussion 

In previous studies where adipose tissue LPL has been 
measured after oral glucose or a meal, no correlation 
between the change of LPL and the relative insulin re- 
sponse has been found [5-7]. In contrast, the present 
study shows by the use of euglycaemic insulin clamps at 
two insulin levels that insulin does increase activity of 
adipose tissue LPL in a dose-dependent manner. The 
concentration of insulin required for stimulation of adi- 
pose tissue LPL activity was far beyond those seen after 
oral feeding [5-7]. This raises the possibility that other 
stimulators of adipose tissue LPL, either unrelated to 
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insulin or secondary to endogenous insulin release, may 
be present after oral feeding. 

During the control saline infusion, the subjects con- 
tinued fasting for 5 h; adipose tissue LPL decreased in 
nine of the ten subjects studied, and the decrease was 
directly related to the initial enzyme activity. These 
changes are in keeping with our previous data demon- 
strating a decrease in adipose tissue LPL during caloric 
restriction, when the decrease in LPL was also related to 
the basal enzyme activity [4]. During the euglycaemic 
low-insulin, hyperglycaemic, and high-insulin clamps, 
the increases in adipose tissue LPL in 6/10, 8/10 and 
9/10 subjects, respectively, occurred almost exclusively 
when basal LPL activity was low (Fig. 2), whereas high 
basal LPL activities decreased during all clamps. This 
tendency of high LPL activities to decrease (or to re- 
main unchanged compared with saline infusion) de- 
creased with increasing insulin levels. This was shown 
during the high-insulin euglycaemic clamp, when only 
the highest basal LPL value decreased (Fig.2B). It 
could be argued that it is unphysiological to study 
changes in LPL during hyperinsulinaemia maintained 
by intravenous infusion. However, the intravenous 
route offers the possibility to study changes in LPL 
without interference by gut hormones, although even 
after oral stimuli the basal LPL activity seems to deter- 
mine its response. An inverse relationship between fast- 
ing levels of adipose tissue LPL and its increase after 
high-carbohydrate feeding has previously been demon- 
strated in both normal and hypertriglyceridaemic sub- 
jects [6, 19, 20]. Patients with high fasting LPL actually 
had lower post-prandial levels [6]. The mechanism by 
which basal LPL regulates its response to insulin re- 
mains a mystery. Its physiological r61e could be to pre- 
vent excessive storage of fat in adipose tissue and, on 
the other hand, to promote storage of fat after a period 
of lipolysis such as may follow insulin deficiency in dia- 
betics [1] or a reduction of insulin secretion during fast- 
ing [3]. 

Response of LPL to insulin may be related to insulin 
sensitivity since in obese insulin-resistant subjects, for 
example, LPL responses to glucose are reduced [21]. In 
this study, we did not observe any correlation between 
basal LPL activity and glucose metabolism, nor any be- 
tween change of LPL and glucose metabolism. To know 
whether the response of LPL to insulin is related to the 
amount of insulin-mediated glucose metabolised, one 
should compare subjects with similar basal LPL levels 
but different degrees of insulin resistance. Here we 
found no significant relationships between basal LPL 
activities and the rates of glucose metabolism during the 
clamps. Thus, it appears that basal LPL activity is large- 
ly independent of insulin-mediated glucose metabolism 
in healthy subjects. 

The most prominent change in serum lipoproteins 
during the induced hyperinsulinaemia was the decrease 
in VLDL triglyceride accompanied by a decrease in 
VLDL cholesterol. A significantly smaller decrease in 

VLDL triglyceride also occurred during infusion of sa- 
line, probably due to continued fasting, when VLDL 
triglyceride is hydrolyzed by LPL in muscle [5]. The fall 
in VLDL triglyceride was of similar magnitude during 
all clamps despite marked differences in glucose and in- 
sulin levels. This indicates that a maximal decrease in 
circulating basal VLDL triglyceride is reached at insulin 
levels which are in the high physiological range. The 
mechanism responsible for the fall in VLDL triglyceride 
cannot be directly deduced from the present study. A 
change in VLDL merely reflects the net effects of alter- 
ations in secretion and catabolism. Under similar low- 
dose insulin euglycaemic clamp conditions Sadur et al. 
[9] observed a fall in total serum triglyceride after 80 min 
despite unchanged adipose tissue LPL. In our study, 
significant increase in LPL occurred only during the 
high-dose insulin clamp but the decrease in VLDL tri- 
glyceride was similar during all clamps. This indirectly 
suggests that the fall in serum triglyceride was due more 
to decreased secretion of VLDL than to enhanced tri- 
glyceride lipolysis by LPL. 

Bazelmans et al. [22] recently showed that the mag- 
nitude of fall in plasma triglyceride concentration dur- 
ing euglycaemic hyperinsulinaemia is not correlated 
with the decrease in NEFA but is positively related to 
the insulin sensitivity. This indicates that in addition to 
decreasing plasma NEFA, insulin has more direct ef- 
fects on hepatic triglyceride secretion. In our present 
subjects no correlation was found between fall of tri- 
glyceride and insulin sensitivity, but this may be simply 
related to the fact that they were lean, young individuals 
without insulin resistance. 

Another remarkable change in lipoprotein concen- 
trations during hyperinsulinaemia was the reduction of 
LDL cholesterol. Even though the percentage change 
was not great it was quite constant and did not occur 
during saline infusion. Moreover, any change which oc- 
curs during 5 h in a lipoprotein with a plasma half-life 
of several days must mean a profound change in trans- 
port kinetics. Several previous findings suggest that in- 
sulin enhances the catabolism of LDL through the high- 
affinity receptor pathway. Thus, insulin stimulates LDL 
receptor activity in vitro in human fibroblasts by in- 
creasing the receptor number [23]. A similar change oc- 
curs in vivo in mononuclear  cells after 4 h hyperinsulin- 
aemia [24]. The catabolism of LDL in vivo is also 
stimulated by hyperinsulinemia induced by total paren- 
teral nutrition [25] or high sucrose feeding [26]. Ulti- 
mately, there is a high positive correlation between the 
fractional catabolic rate of LDL apolipoprotein B and 
plasma insulin response [27]. However, a reduction of 
VLDL production during acute hyperinsulinaemia may 
contribute to the fall of LDL since the latter originates 
partly as a degradation product of VLDL [28]. 
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