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Summary. We have previously shown that lipopro- 
tein lipase (LPL) activity of tissues is an important 
determinant not only of plasma VLDL levels but also 
of HDL-cholesterol. Studies were designed to inves- 
tigate whether the serum lipoprotein alterations in 
uncontrolled insulin-deficient diabetes can be 
accounted for by changes in LPL activity of tissues. 
The heparin-releasable LPL activity was determined 
from biopsy samples of adipose tissue and skeletal 
muscle in 16 patients with newly detected untreated 
insulin-deficient diabetes and in 16 age-, sex- and 
body weight-matched healthy control subjects. 
Repeat assays were carried out after the patients had 
been on insulin treatment for an average of two 
weeks and when the diabetes was well controlled. 
When untreated the patients had increased concen- 
trations of triglycerides and cholesterol in whole 
serum and in VLDL and LDL while the HDL choles- 
terol level was lower than that of controls (p < 0.01). 
The cholesterol/triglyceride ratio in each of the three 
lipoproteins was similar in patients and controls. 
While untreated the diabetic patients had signifi- 
cantly reduced mean LPL activity both in adipose 
tissue (average 34% of control mean, p < 0.001) and 
in skeletal muscle (average 45% of control mean, 
p < 0.05). In the whole group HDL-cholesterol was 
positively correlated with adipose tissue LPL activity 
(r = + 0.58, p < 0.001) while log serum total tri- 
glyceride and log VLDL-triglyceride showed signific- 
ant negative correlations with LPL activity of both 
adipose tissue and skeletal muscle. After initiation of 
insulin treatment the LPL activity increased signifi- 
cantly (p < 0.01) in both tissues but was still subnor- 
mal after 2 weeks. At the same time the VLDL and 
LDL concentrations had returned to normal while 
the ItDL-cholesterol remained low. The results sug- 
gest that the increase of VLDL and LDL triglyceride 
and the decrease of HDL-cholesterol present in 
uncontrolled insulin-deficient diabetes are, at least 
partly, accounted for by decreased LPL activity of 

tissues. The restoration of tissue LPL and of serum 
HDL-eholesterol by insulin are relatively slow pro- 
cesses. The results are consistent with the hypothesis 
that HDL-cholesterol concentration is dependent on 
the efficiency of removal of triglyceride-rich lipopro- 
teins from the circulation. 
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It is well established that the severe insulin deficiency 
present in insulin-dependent juvenile diabetes is 
associated with disordered lipid metabolism and 
transport. This is expressed, inter alia, as an increase 
of serum total triglyceride and cholesterol concentra- 
tions (for review see 1). On the other hand, very few 
studies have been made on the concentration and 
composition of serum lipoproteins in the insulin-de- 
prived state of man. Early studies suggested that 
there was an increase of triglyceride-rich lipoproteins 
(VLDL and chylomicrons) while the cholesterol in 
HDL  was decreased [2, 3]. However, these observa- 
tions were based on only a few patients. 

Kinetic analyses have suggested that the increase 
of triglyceride and VLDL concentrations in uncon- 
trolled insulin-dependent diabetes is chiefly account- 
ed for by a combination of increased splanchnic pro- 
duction of triglycerides and their inefficient removal 
[4, 5]. The defect in removal of VLDL triglycerides 
has been attributed to low activity of lipoprotein 
lipase (LPL), and, indeed, clearly decreased LPL 
activities have been demonstrated in postheparin 
plasma of untreated juvenile diabetic patients [6]. 
The importance of this defect in the pathogenesis of 
the hyperlipaemia associated with severe ketosis is 
indicated by the significant inverse correlat!gn found 
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Table 1. Physical and clinical characteristics of the diabetic patients before treatment 

Subject Sex Age RBW a Fasting blood Fasting plasma Acetest | Base excess 
years % glucose mmol/1 insulin ~tU/ml mEq/1 

1 M 29 90 10.1 16 + + +  - 3 . 6  
2 M 33 109 13.1 18 + - 2 . 2  
3 M 35 97 11.9 12 + § - 2 . 0  
4 F 28 112 12.5 I0 + § § - 3 . 5  
5 M 36 104 10.3 16 § § § - 4 . 4  
6 M 31 88 11.4 2 § 2 4 7 2 4 7  - 7 . 9  
7 F 32 82 14.5 6 § § § - 6.2 
8 M 33 84 14.2 10 § 2 4 7 2 4 7  -12 .5  
9 M 20 85 12.1 12 § § § - 7 . 6  

10 M 29 85 11.1 13 § 2 4 7  - 0 . 7  
11 M 22 104 16.9 9 § - 0 . 7  
12 M 41 110 13.3 9 § - 1 . 0  
13 M 23 81 10.8 8 + + +  - 3 . 2  
14 F 45 91 9.8 14 ,i, § § - 2 . 0  
15 F 25 90 13.1 7 § + § - 2 . 2  
16 M 32 94 12.2 9 § 2 4 7  - 6 . 5  

a Relative body weight, calculated from ideal body weight [7] 

Table 2. Triglyceride and cholesterol concentrations (mean • SEM) in whole serum and in lipoproteins 

Diabetics Controls 
Untreated (mmol/1) On insulin (mmol/1) (retool/l) 

Serum triglyceride 2.29 ___ 0.38 c 1.15 _+ 0.08 e 0.84 + 0.07 
VLDL triglyceride 1.59 - 0.33 c 0.72 _+ 0.09 d 0.40 _+ 0.06 
LDL triglyceride 0.44 - 0.03 c 0.28 _+ 0.02 f 0.29 _+ 0.02 
HDL triglyceride 0.16 - 0.09 0.15 _+ 0.01 0.15 _+ 0.01 

Serum cholesterol 6.60 • 0.4  b 5,06 -t- 0.40 e 5.40 _+ 0.20 
VLDL cholesterol 1.08 • 0.27 c 0.42 • 0.06 d 0.32 • 0.05 
LDL cholesterol 4.41 _ 0.3 a 3.50 • 0.20 f 3.71 • 0.20 
t-IDL cholesterol 1.11 - 0.07 b 1.14 • 0.07 1.37 • 0.07 

p < 0.05, b p < 0.01, c p < 0.005 for the difference from values of control subjects, d p < 0.05, e p < 0.01, f p < 0.005 for the difference 
from corresponding values of diabetics before insulin treatment 

between postheparin plasma LPL and serum trigly- 
ceride levels [6]. However, no studies have been 
reported so far on LPL activities of tissues in insulin- 
dependent diabetes. Furthermore, the mechanism of 
decrease of plasma HDL-levels in insulin deficiency 
has remained obscure. 

Patients and Methods 

Patients 

Sixteen patients with newly-detected diabetes and with a positive 
test for urinary ketones (Acetest | but without severe ketoacidosis 
or other signs indicating immediate need of insulin treatment, were 
recruited to the study. Each patient was carefully examined upon 
admission and those in good clinical condition were invited to 
participate. Patients using any drug, being alcoholics or having any 
other disorder were not accepted. Individual clinical data of the 
patients are given in Table 1. There were twelve men and four 
women with ages between 20 and 45 years (mean 31 years). None 
of the patients was obese the mean (•  SEM) % ideal weight being 
94 _+ 3. The basal plasma insulin levels (taken in the morning 

follwing admission) were within the normal range but in relation to 
the marked hyperglycaemia all values were low, indicating the 
presence of severe insulin deficiency but not a total absence of 
insulin secretion. Corresponding to this, the degree of ketosis was 
mild to moderate and the acidosis (indicated by the base excess 
values) was either absent or mild. The arterial blood pH was be- 
tween 7.32 and 7.41. 

The patients were put on a standard isocaloric sugar-free diet 
but no medical treatment was initiated. Instructions were given, 
however, that in the event of any impairment in the clinical condi- 
tion insulin treatment should be started without delay. The 
patients were informed on the purpose of the study and consent 
was obtained. 

Tissue biopsies for LPL assay and blood samples were taken 
after a 12 h overnight fast on the second or third hospital day. 
Thereafter insulin treatment was initiated and all patients received 
long-acting insulin (MC Lente | or Monotard | Novo) daily until 
good diabetic control was achieved. After this study was com- 
pleted it appeared that three of the patients could be transferred to 
oral antidiabetic drugs while the other thirteen remained insulin- 
dependent. Fourteen patients were re-examined after treatment 
with insulin for 12 to 17 days (average 14 days). At the time of the 
second study each of these patients had attained reasonable dia- 
betic control (blood glucose less than 10 mmol/1 and daily urinary 
glucose output less than 20 g). 
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Table 3. Tissue lipoprotein lipase activities (mean _+ SEM) in diabetic patients and in controls 
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Adipose tissue LPL activity 

amol FFA. h-1 per gram pmol FFA. h-1 per cell 

Skeletal muscle LPL 
activity 
gmol FFA. h-1 per gram 

Diabetics 
Untreated 1.09 _+ 0.17 c (16) 0.68 _+ 0.12 c 0.42 + 0.09 a (8) 
On insulin 1.79 _+ 0.32 e (14) 1.15 _+ 0.18 e 0.72 _+ 0.39 d (8) 

Controls 3.21 + 0.49 (16) 1.77 _+ 0.21 0.92 _+ 0.14 (16) 

Number of patients in parentheses 
a p < 0.05, b p < 0.01, c p < 0.001 for the difference between cases and controls; d p < 0.05, e p < 0.01 for the difference between treated 
and untreated 

Control Subjects 

Twelve male and four female non-diabetic control subjects, 
matched with the patients for age and relative body weight, were 
selected from a larger group of healthy volunteers studied simul- 
taneously. The controls had a mean age of 32 years (range 23 to 43 
years) and mean % ideal body weight of 97 _+ 2 (range 85 to 118). 
All control subjects had a normal oral glucose tolerance test (1 g 
glucose/kg body weight). 

Tissue Biopsies 

Subcutaneous adipose tissue was obtained from the gluteal region 
by needle aspiration. Specimens of skeletal muscle were taken by 
Tru-Cut | needle from vastus lateralis muscle at middle lateral 
thigh. The skin at both biopsy sites was anaesthetized with 1% 
lignocaine. The pieces of tissue were placed into 0.15 mol/1 saline 
solution at room temperature and immediately rinsed, blotted, 
weighed and used for assay of LPL activity as described below. 

Enzyme Assay 

Lipoprotein lipase activity was measured from heparin eluates of 
adipose tissue and skeletal muscle. Specimens of 10 to 20 mg of 
adipose tissue or 3 to 8 mg of skeletal muscle were incubated in 
small vials for 40 min at room temperature in 500 gl of 0.1 mol/1 
Krebs-Ringer tris buffer, pH 8.4, containing 1 g/100 ml bovine 
albumin (Armour Co.), 50 ~1 pooled normal human serum and 2.5 
units (50 rag/l) heparin (Vitrurn, Sweden). Thereafter, the tissue 
pieces were removed and 500 gl of triolein substrate emulsion was 
added. The substrate was prepared daily by sonication and con- 
tained glyceryl-1-14C triolein (Radiochemical Centre, Amersham, 
England) at a final specific activity of 0.7 #Ci/~tmol, 3.2 mmol/1 
cold triolein (Sigma Co.) and 5 g/100 ml gum arabic solution. The 
mixture was incubated at room temperature for two hours after 
which duplicate samples of 250 # were transferred to extraction 
tubes and the lipase reaction was stopped by adding 3.25 ml of 
methanol-chloroform-heptane [8]. Unhydrolyzed triolein and 
oleic acid were separated by liquid-liquid partition [8] and the 
radioactivity of the fatty acid phase was measured with a Wallac 
8000 liquid scintillation counter. Each assay included blank tubes 
where the tissue was omitted and two reference standards contain- 
ing bovine skim milk. After subtraction of the blank values and 
correction according to the milk standard the LPL activity was 
calculated as gmoles FFA released in one hour and expressed per 
tissue weight. For adipose tissue the activity was also given per fat 
cell. The diameter of fat cells was measured by microscopy and the 
number of fat cells was calculated from adipocyte size [9]. 

Chemical Analyses 

Blood glucose [10], plasma insulin [ 11], serum cholesterol [ 12] and 
triglyceride [13] were determined in venous blood. The three 
major lipoprotein fractions were separated from serum by sequen- 
tial flotation at solvent densities 1.006 and 1.063 [14] in a prepara- 
tive ultracentrifuge (Sorvall OTD). 

Results 

Serum Lipids and Lipoproteins 
before and after Insulin Treatment 

Untreated diabetic patients showed markedly 
increased levels of triglyceride in whole serum and in 
VLDL and LDL (Table 2). The total cholesterol and 
VLDL- and LDL-cholesterol concentrations were 
also significantly higher in the diabetic patients than 
in controls whereas the HDL-cholesterol level was 
decreased. The cholesterol/triglyceride ratio of each 
lipoprotein was not significantly altered in the dia- 
betic patients suggesting that the lipoproteins were 
qualitatively normal in insulin deficiency. During 
insulin treatment the VLDL- and LDL-triglyceride 
concentrations fell significantly but at the time of the 
repeat study the VLDL-triglyceride was still higher 
than that of non-diabetic controls (Table 2). The 
total and LDL-cholesterol levels of diabetic patients 
had decreased to within the normal range after two 
weeks' insulin treatment but the HDL-cholesterol 
remained still depressed. 

Lipoprotein Lipase Activity of Adipose Tissue 
and Skeletal Muscle 

The average LPL activities of patients and controls are shown in 
Table 3. Untreated diabetic patients had markedly reduced LPL 
activity in both tissues studied. In adipose tissue the average LPL 
activity of the patients was only 34% of that of control subjects 
when expressed per tissue weight. A similar decrease of LPL (38% 
of control mean) was also found when the activity was calculated 
per fat cell. The individual adipose tissue LPL levels of the patients 
ranged from 8 to 80% of the mean value of controls (Fig. 1). In 12 
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Fig. 1. Individual values of lipoprotein lipase activity in adipose 
tissue or skeletal muscle of insulin-dependent diabetic patients. A 
= untreated, B = after 12 to 17 days of insulin treatment. The 
horizontal lines on the right indicate the mean of controls 

patients (75%) the LPL activity was less than the lowest value of 
control group. The activity was seemingly unrelated to blood gin- 
cose or basal plasma insulin levels. In skeletal muscle the LPL 
activity of the patients averaged 46% of the mean value of con- 
trols. All individual values of the patients were below the control 
mean (Fig. i). 

Response of Lipoprotein Lipase Activity 
to Insulin Treatment 

The change of the tissue LPL activities during insulin treatment is 
shown in Table 3 and Fig. 1. Adipose tissue LPL activity rose 
significantly during treatment but, as illustrated in Fig. 1, the 
response was small or even absent in many individual patients. 
Thus, after two weeks of treatment the average LPL activity of 
adipose tissue of the patients was only 56% of the corresponding 
mean of controls although the average fasting blood glucose level 
had fallen to 6.4 mmol/1 (range 3.3 to 9.9 mm/1) at the time of the 
second study. In skeletal muscle the LPL activity showed a vari- 
able response to insulin (Fig. i). The mean increase was signifi- 
cant, however, (p < 0.05) and most of the values during insulin 
treatment were within normal range (average 78% of control 
m e a n ) .  

Relation of Serum Lipoprotein Levels 
to Tissue Lipoprotein Lipase Activities 

All those patients who had elevated levels of serum 
triglyceride (more than 1.60 mmol/1) or VLDL- t r i -  
glyceride (more  than 1.00 mmol/1) had adipose tissue 
L P L  activity below the normal  range (less than 
1.10~tmol F F A - h - I - g - 1 ) .  A significant negative 
correlation was present  be tween total  triglyceride 
and VLDL-tr iglycer ide (log values) on one hand and 
the L P L  activity of both  adipose tissue and skeletal 
muscle on the other  (Table 4, Figs. 2 and 3). 

A highly significant positive correlation was 
found between the HDL-choles te ro l  concentrat ion 
and L P L  activity of adipose tissue in combined dia- 
betic and control groups (Table 4). Of  ten diabetic 
patients  having a low HDL-choles te ro l  (1.10 retool/1 
or  less) eight had adipose tissue L P L  activity below 

the control range. On  the other  hand, the H D L -  
cholesterol was not significantly related to skeletal 
muscle L P L  activity. 

Discussion 

The diabetic patients studied here  had insulin deft- 
ciency as indicated by low plasma insulin/blood glu- 
cose ratio, the presence of ketonuria  and need of 
insulin t reatment .  However ,  none of them suffered 
f rom severe ketoacidotic diabetes. Corresponding to 
this, the average deviation of serum lipoprotein con- 
centrations f rom those of controls was only modera te  
and  some patients had all lipid and l ipoprotein levels 
within the range of controls. The l ipoprotein pat tern 
of these diabetics was characterized by an increase of 
VLDL,  slight elevation of L D L  and decrease of 
HDL-choles terol .  Elevated  V L D L  and total  trigly- 
ceride combined with low HDL-choles te ro l  has been  
recently described in a number  of studies in adult- 
onset type diabetes [15-18]. Schonfeld et al. [15] 
have found that  bo th  L D L  and H D L  are enriched in 
triglycerides in adult onset type diabetics even with- 
out  any elevation of serum lipid levels. Our  data 
showed a similar t rend but the difference in choles- 
terol/triglyceride ratio of the l ipoproteins between 
patients and controls did not reach statistical signifi- 
cance. Normal  composit ion of serum lipoproteins has 
been  repor ted  in Pima Indians with adult onset dia- 
betes [18]. 

U p o n  insulin t rea tment  many  of the l ipoprotein 
abnormalit ies were  abolished. Yet,  af ter  two weeks 
on insulin and being in relatively good control the 
diabetic patients had still V L D L  triglyceride levels 
above normal  and the HI)L-choles tero l  had not  risen 
at all. These  findings contrast  with the l ipoprotein 
pat tern  found in chronic insulin-treated juvenile 
diabetics, who have, on average, subnormal V L D L  
levels and elevated HI)L-choles te ro l  [19]. Improve-  
men t  of diabetic control is accompanied by an 
increase of HDL-choles te ro l  and a fall of serum tri- 
glycerides [20] but  the present  results show that 
restorat ion of normal  l ipoprotein metabol ism may  
take several weeks. This view is supported also by 
recent data  on adult onset diabetics, who did not 
show any increase of their H D L  cholesterol levels 
after one month ' s  insulin t rea tment  but did so after 
one year  [17]. 

The finding of low heparin-releasable L P L  activ- 
ity in adipose tissue and skeletal muscle of insulin- 
deficient diabetics is in agreement  with previous data 
demonstrat ing the presence of L P L  defect in post-  
heparin plasma of untreated ketotic diabetics and its 
correction with insulin t rea tment  [6]. A similar defect 
was also found in adipose tissue of patients who have 
adult onset type diabetes combined with hypertrigly- 
cer idaemia [21]. The  close dependence of the adi- 
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Table 4. Correlation matrix of tissue lipoprotein lipase activities and serum lipid or lipoprotein concentrations (Combined values of 
untreated diabetics and control subjects) 

x y r p 

Adipose tissue LPL (per weight) 
Adipose tissue LPL (per weight) 
Adipose tissue LPL (per weight) 
Adipose tissue LPL (per weight) 
Adipose tissue LPL (per weight) 
Skeletal muscle LPL 
Skeletal muscle LPL 

log serum triglyceride -- 0,55 < 0.001 
log VLDL-triglyceride - 0,45 < 0.01 
VLDL-cholesterol --0,46 < 0.01 
HDL-cholesterol +0,58 < 0.001 
skeletal muscle LPL +0.57 < 0.01 
log serum triglyceride - 0.40 < 0.05 
log VLDL-triglyceride --0.56 < 0.001 
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pose tissue LPL on insulin is further documented by 
the decline of the activity during total starvation [22] 
or restriction of caloric intake [23]. On the other 
hand, the activity is rapidly increased by high car- 
bohydrate diet and by oral or intravenous glucose 
loads [24, 25]. There is much less knowledge on the 
regulation of human skeletal muscle LPL by insulin. 
The results of the present study suggest that human 
skeletal muscle LPL is also dependent on insulin 
although it probably is less sensitive than the adipose 
tissue enzyme. The muscle LPL activity decreases 
slowly during low caloric diet [23] and it can be 
increased by glucose infusion [25]. These data sug- 
gest that human skeletal muscle LPL behaves differ- 
ently than the corresponding enzyme in the rat. In 
this species the muscle LPL is either uninfluenced by 
insulin [26-28] or may be even down-regulated by 
insulin [29]. 

The abnormalities in serum lipoprotein pattern of 
insulin-deficient diabetic patients are partly 
accounted for by the decrease of tissue LPL activity. 
Thus, it is likely that the increase of VLDL and prob- 
ably also the increase of LDL-triglyceride is caused 
by impaired removal of triglyceride from these parti- 
cles at peripheral tissues even though an increase in 

splanchnic production of VLDL may also be present 
and contribute to the rise of triglycerides [4-6]. The 
decrease of HDL-cholesterol could also be related to 
the LPL deficiency and to concomitant reduction in 
the plasma clearance of triglyceride-rich lipoproteins. 
The HDL-cholesterol level has been shown to be 
strongly positively correlated with LPL activity of 
adipose tissue in normal people and in a variety of 
clinical conditions [30, 31]. This relationship is still 
more powerful when calculated for HDL 2 instead of 
total HDL [32]. The biochemical basis of this rela- 
tionship lies probably in the fact that part of plasma 
HDL (mainly HDL2) is generated in the circulation 
by transfer of cholesterol, phospholipids and apopro- 
teins from triglyceride-rich lipoproteins to HDL dur- 
ing the degradation of the former by endothelial LPL 
[30-34]. Thus, the low HDL levels observed in both 
insulin-deficient as well as in adult onset type insulin 
resistant diabetes [15-18] could be accounted for by 
depletion of the insulin-sensitive endothelial LPL  
The observed slow response of HDL to insulin treat- 
ment also fits to this hypothesis since the full replen- 
ishment of tissue LPL activity after initiation of insu- 
lin treatment appeared also to take relatively long 
time. 
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