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Summary. Studies were performed to evaluate the
relative importance of enhanced adipose tissue
lipolysis and increased insulin levels in modulating
hepatic VLDL production in patients with endoge-
nous hypertriglyceridaemia. Eight control subjects
and nine patients with hypertriglyceridaemia were in-
vestigated. The latter group comprised four patients
with idiopathic hypertriglyceridaemia, three maturity
onset diabetics, and two siblings with diabetic lipodys-
trophy. Each individual’s plasma VLDL was selec-
tively labelled with I'*! in the apoprotein moiety and
then reinjected to assess the turnover of these
molecules. This was correlated with the insulin re-
sponse to an oral glucose load and with the plasma
FFA flux measured by a continuous infusion of C
palmitate. In the patients with idiopathic hypertri-
glyceridaemia and in the adult onset diabetics, plasma
VLDL-apoprotein turnover was increased suggesting
enhanced hepatic production of these molecules. Al-
though the insulin levels in these patients were higher
than normal, no significant correlation was demon-
strable between the plasma insulin and the turnover of
VLDL-B-apoprotein. Furthermore, in the two pa-
tients with lipo-dystrophy the turnover of plasma
VLDL. was within the normal range, whereas the plas-
ma insulin responses were the highest among all the
patients. These results suggest that hyperinsulinaemia
alone is not sufficient to account for the increased
VLDL production seen in some of our patients. The
plasma FFA flux was raised in the patients with
idiopathic hypertriglyceridaecmia and in the maturity
onset diabetics, and was within the normal range in the
two patients with lipodystrophy. Indeed, in all the
subjects studied a significant correlation was observed
between the turnover of plasma VLDL-B-apoprotein
and the plasma FFA flux. The results thus indicate
that the rate of FFA release to plasma constitutes the
predominant factor in determining hepatic output of

VLDL and that in the majority of patients with en-
dogenous hypertriglyceridaemia the increased FFA

- flux resulting from insulin resistance in adipose tissue

could effectively increase VLDL production. This
process appears to be independent of the prevailing
insulin levels, and could occur in the presence of insu-
lin resistance in the liver. The latter, however, could
be responsible for the impaired glucose tolerance ob-
served in some patients.

Key words: Insulin resistance, endogenous hypertri-
glyceridaemia, maturity onset diabetes, diabetic
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Insulin is an important lipogenic hormone and, by way
of its effects on lipid metabolism may play an impor-
tant role in the pathogenesis of hypertriglyceridaemia.
Farquhar et al. [1] were the earliest to demonstrate a
close correlation between the postprandial rise in
plasma insulin and the elevation of plasma triglyceride
concentration, suggesting that the hypertriglycer-
idaemia in these subjects was secondary to the
hyperinsulinaemia.

Further studies by Reaven et al. [2] and Olefsky et
al. [3] have indicated that patients with elevated tri-
glyceride levels have diminished peripheral tissue re-
sponsiveness to insulin and that the compensatory
hyperinsulinaemia correlates with the increased tri-
glyceride production seen in these patients. It was
therefore postulated that hyperinsulinaemia is the
main abnormality stimulating the hepatic synthesis of
fatty acids from carbohydrate sources, which in turn’
enhances hepatic triglyceride production, resulting in
hypertriglyceridaemia. This hypothesis has been criti-
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Table 1. Age, body weights, plasma lipid concentration and VLDL composition in the groups studied

Subject Age Body weight Plasma conc. (mg/100 ml) Plasma VLDL conc. (mg/100 ml)

No. yIS Kg % ideal Trig. Chol. Trig. Total B-apoprotein
protein

Normotriglyceridaemic subjects (n = 8)

1 46 55 96 90 162 52 10 5.5

2 37 82 115 128 238 87 14 8.8

3 45 53 90 109 196 72 13 6.8

4 . 66 66 110 100 164 56 9 4.8

5 35 68 .9 69 142 46 7 ) 35

6 43 91 112 158 220 118 2.8 12.7

7 33 72 94 150 216 104 25 11.6

8 35 64 116 68 228 40 15 9.1

Mean = SEM 43 + 4 69 + 4 104 £ 4 109 * 12 196 £ 13 72+ 10 15+3 8.0=1.1

Range (35-66) (53-91) (94-116) (68-158) (142-238) (40-118) (7-28) (3.5-12.7)

Endogenous hypertriglyceridaemia (n =.7)

9 32 107 115 328 384 264 54 27

10 40 89 109 254 256 199 33 15

11 45 75 111 354 318 310 52 21

12 54 105 122 360 280 286 38 18

13 46 86 126 420 168 386 76 46

14 38 67 105 740 169 660 110 59

15 52 74 116 630 280 540 98 54

Mean + SEM 44 +3 866 1153 441 * 67 265 + 29 377+ 62 66 + 11 34+6.9

Range (32-54) (67-107) (105-126)  (254-740) (168-384) (199-660)  (33-110) (15-59)

Lipodystrophic diabetes (n = 2)

16 36 52 86 380 220 310 62 37

17 39 46 78 415 238 365 68 43

N = number of subjects investigated
Trig = triglycerides, Chol = cholesterol

cised on the basis that if insulin resistance is a primary
defect in these patients, it is more likely to affect all
tissues sensitive to insulin, including the liver [4], and
consequently hyperinsulinaemia could not stimulate
hepatic lipogenesis. Indeed, studies in animals with
genetically determined insulin resistance have shown
this defect to be global, involving the liver in addition
to adipose tissue and skeletal muscle [5, 6].

An alternative hypothesis [7, 8] has been proposed
by our group suggesting that the increased VLDL
production in endogenous hypertriglyceridaemia is a
manifestation of enhanced lipolysis secondary to insu-
lin resistance in adipose tissue. Since plasma free fatty
acids (FFA) constitute the major precursor for hepatic
triglyceride synthesis [9, 10], the increased supply of
FFA could stimulate the production of plasma VLDL.
This process appears to be independent of the actions
of insulin on the liver and consequently the insulin
resistance in patients with endogenous hypertri-
glyceridaemia could be global. We have, therefore,
suggested that the effects of hyperinsulinaemia on the
liver are not of primary importance in the develop-
ment of hypertriglyceridaemia and that the insulin
resistance in adipose tissue constitutes the major de-
terminant factor in this syndrome.

To assess our hypothesis, we have measured the
plasma FFA flux and turnover rates of plasma VLDL
in nine hypertriglyceridaemic patients with hyperin-
sulinaemia. Four had idiopathic hypertriglycer-
idaemia and three maturity onset diabetes, in whom
the hyperinsulinaemia was associated with increased
plasma FFA levels. The remaining two patients had
lipodystrophic diabetes and their hyperinsulinaemia
was associated with normal FFA levels.

Material and Methods

Subjects

Eight normal subjects and nine male patients with
endogenous hypertriglyceridaemia were investigated.
The latter group included four patients with idiopathic
hypertriglyceridaemia, three patients with maturity
onset diabetes und two siblings with diabetic lipo-
dystrophy. The normolipaemic group comprised
healthy volunteers with serum trilgyceride concentra-
tions less than 160 mg/100 ml. None of these subjects
had abnormal glucose tolerance (fasting plasma glu-
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cose less than 100 mg/100 ml, 60 min and 120 min
values less than 180 and 120 mg/100 ml respectively).
Their ages, body weights and percentage of their ideal
body weights are shown in Table 1.

The ages and body weights of the hyperlipaemic
patients are also shown in Table 1. None of the pa-
tients were obese (body weight less than 130% of their
ideal, calculated from Documenta Geigy). Three of
the idiopathic hypertriglyceridaemic patients [9, 10,
12] presented with eruptive xanthomatosis and the
fourth [11] was detected on biochemical screening.
The diabetic patients [13, 14, 15] were asymptomatic
and were found to have abnormal glucose tolerance
during routine investigation.

The lipodystrophic subjects were two male siblings
who presented with this syndrome five years ago. Loss
of subcutaneous fat was evident in photographs since
adolescence. Hepatomegaly was not marked on clini-
cal examination and no abnormalities of renal or liver
function were detected on biochemical screening.

Both the normal subjects and the patients with
hyperlipaemia were stabilised on an isocaloric diet
providing 35 calories per kg body weight, of which
38% was in the form of carbohydrate, 45% fat and
17% protein. This diet was maintained throughout the
whole study during which time the body weight of the
subjects remained constant. Clinical and laboratory
investigations showed no evidence of thyroid disease
or excessive alcoholism, and none of the subjects were
taking any drugs known to affect lipid metabolism.
Informed consent was obtained from all subjects be-
fore they entered into the investigation.

Methods

A. Plasma VLDL-Apoprotein Turnover

1. Preparation of *'I VLDL. Very low density lipo-
proteins (d < 1.006) were prepared from 50 to 100 ml
of fasting plasma obtained from each patient using
preparative ultracentrifugation [11]. The lipoprotein
fraction was then concentrated and washed by two
successive centrifugations at the same density. After
adjusting the pH of the lipoprotein mixture with
glycine buffer (1M, pH 10), 13'I was introduced into
the VLDL molecule using the iodine monochloride
jet technique of McFarlane [12]. The unbound
radiojodine was then removed by repeated dialysis
against 6-10 changes of 0.9% saline, containing
0.01% EDTA, for a total period of 6~-8 h. Paper
chromatography [13] of the dialysed material in
methanol:water (85:15, V/V), has shown that less
than 4% of the total radioactivity was unbound
radiodine.
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Table 2. Distribution of radioactivity among the major components
of plasma VLDL before and after in-vitro incubation with HDL rich
plasma

Subjects Experimental % of the total radioactivity
conditions

Total
lipids

B-apo-
protein

C-apo-
protein

Normotriglyceridaemic subjects
n=3§ unincubated 59 (52-68) 30 (24-33) 11 (8-15)
postincubated 88 (83-98) 8 (2-11) 4 (2-7)

Hpypertriglyceridaemic patients
n=29 unincubated 46 (38-62) 33 (26-38) 21 (16-26)
postincubated 89 (82-94) 6 (2-9) 5(3-8)

Values in the table show the means while the values between
parenthesis represent the range in each group. Plasma VLDL was
isolated, concentrated and iodinated with I**! as described under
Methods; Aliquots of the iodinated material were removed for
determination of radioactivity distribution. The labelled lipopro-
teins were then incubated with the patients’ own HDL rich plasma
for 4 hours at 4°C and separated by centrifugation. Thereafter the
distribution of label in the major components was determined.
The B-apoprotein was separated from the C-apoprotein by tet-
ramethylurea precipitation while the lipids were extracted in
chloroform methanol (2:1, V: V)

Table 2 shows the percentage distribution of
radioactivity among the major constituents of plasma
VLDL labelled by this technique. Lipids were ex-
tracted in chloroform:methanol (2:1, V/V) and the
major components were separated on thin layer
chromatography [14]. 8-26% of the total isotope in
VLDL was recovered in the lipid extract, mainly as
cholesterol esters (36%), phospholipids (38%), tri-
glycerides (18%) and unesterified cholesterol (8%).
Following precipitation of the B-apoprotein with tet-
ramethylurea [15], 24-38% of the total radioactivity
was found in the supernatant containing the C-apo-
proteins. The B-apoproteins were therefore found to
contain 38-68% of the total radioactivity.

In order to study the metabolic behaviour of the
B-apoprotein without interference from other label-
led components in VLDL the lipoproteins were pre-
incubated for four hours with the patient’s own HDL
rich plasma remaining after separation of VLDL and
LDL. Thereafter the VLDL fraction was re-isolated
by ultracentrifugation. Since the C-apoproteins and
some of the lipids in VLDL undergo rapid exchange
with similar unlabelled components in HDL [16) this
incubation step resulted in a reduction in the percent-
age of total label present in these components while
the radioactivity in the B-apoprotein was retained.
Table 2 shows that 82-98% of the total radioactivity
in preincubated VLDL resided in the B-apoprotein
moiety.
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2. Injection of Radioactive Lipoproteins and Collec-
tion of Samples. All reagents used for the preparation
of labelled lipoproteins were made in pyrogen free
distilled water and kept in sterile containers. Before
injection into the patients the lipoproteins were
passed through a Millipore filter (0.45 p) and diluted
in sterile saline. All subjects were given Lugol’siodine
5 drops per day beforehand to block the uptake of free
radioactive iodine by the thyroid and to facilitate its
immediate excretion in urine.

Patients were admitted to the metabolic ward and
after an overnight fast an indwelling catheter was in-
serted into the antecubital vein for injection. Another
catheter was introduced into the superior vena cava
via a contralateral arm vein for sarnpling. Each patient
received 6—8 mg of his own plasma VLDL labelled in
the B-apoprotein moiety with *1I (25-40 uCi). The
total dose of radioactive material injected into each
subject was checked by accurate weighing of syringe
contents, and standards were prepared from aliquots
to be used as a reference during the counting of blood
samples.

The radioactive material was administered as a
pulse injection and a blood sample was obtained ten
minutes after the injection and at one hour intervals
for the first twelve hours. Thereafter samples were
obtained every two hours for a further period of
twelve hours. During this period patients were given
low fat meals (< 5 g/day) which maintained steady
state levels of plasma VLDL concentration.

Samples of blood were immediately spun at 4C° to
separate the plasma. The VLDL fraction in each sam-
ple was prepared by ultracentrifugation and aliquots
were then removed for determination of radioactivity.
The B-apoprotein in plasma VLDL was separated

from the C-apoprotein using the tetramethylurea pre-

cipitation technique of Kane {15] and the protein con-
tent was estimated by the method of Lowry et al. [17].
3. Interpretation of Data and Calculations. The 1
radioactivity present in VLDL per litre of plasma was
expressed as a percentage of the corresponding dose
of radioactivity injected into each patient and plotted
versus time on a semilogarithmic scale. The fractional
turnover rate (FTR) of plasma VLDL B-apoprotein
was calculated from t!/, of the disappearance curve.
The circulating mass of VLDL B-apoprotein was
determined from the plasma concentration of this pro-
tein and the total volume. The absolute turnover rate
or the daily plasma VLDL B-apoprotein flux was then
calculated as follows:
VLDL B-apoprotein turnover (mg/kg/day) =

circulating mass in mg XFIR (h) X24
body weight in kg
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B. Plasma FFA Flux Rate

Plasma FFA flux was measured using a tracer dose (25
uCi) of “C-palmitate infused over a period of two
hours [18]. The labelled palmitate was complexed to
2 ml of a 20% solution of sterile albumin and infused
using a continuous delivery syringe at a rate of 0.2
uCi/min. Blood was withdrawn every ten minutes dur-
ing the second hour of infusion to estimate the plasma
FFA concentration and radioactivity. FFA concentra-
tion was measured in duplicate samples by the method
of Trout et al. [19]. The free fatty acids were then
extracted in alkaline ethylene glycol and counted for
radioactivity. Plasma FFA flux rate (ueq/kg/h) was
determined from:

Rate of infusion of labelled palmitate (dpm/h)
specific activity of plasma FFA at equiliprinm (dpm/ueq)
1

body weight in kg

C. Other Methods

Oral glucose tolerance tests were performed after an
overnight fast using a glucose load of 1 g/kg body
weight. Samples of blood were withdrawn at half
hourly intervals for two hours for measurement of
plasma glucose [20] and immunoreactive insulin [21].
The insulin area under the curve was calculated as
described previously [22]. The triglyceride and
cholesterol content of total plasma or lipoprotein frac-
tions were determined on appropriate aliquots using
the methods of Cramp and Robertson [23] and
Robertson and Cramp [24].

Results

Plasma Triglyceride and Lipoprotein Concentration

In the hypertriglyceridaemic patients plasma VLDL
triglycerides constituted 78-90% of the total plasma
triglycerides, indicating that the hypertriglycerid-
aemia in all patients was due to excess VLDL. The
observation that the plasma VLDL B-apoprotein
comprised 40-64% of the total VLDL proteins in the
normal and hypertriglyceridaemic subjects and that
the triglyceride to protein ratio was similar in both
groups suggests that the composition of the circulating
VLDL molecules was unchanged in the hypertri-
glyceridaemic patients.

Though in some of the patients the total plasma
cholesterol concentration was higher than that of the
normal controls, in only one patient (patient No. 10)
was this increase associated with LDL cholesterol
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slightly above the upper limit of normal (150/mg/100
ml). This patient, therefore, could be classified as
having type IIb hyperlipoproteinaemia. None of the
patients had an abnormal accumulation of tri-
glycerides (2% of the total plasma level) in the inter-
mediate density lipoproteins (density 1.006-1.009),
excluding the diagnosis of type III hyperlipo-
proteinaemia. The lipoprotein abnormality in the re-
maining eight patients was therefore consistent with a
pattern similar to that seen in Fredrickson type IV
hyperlipoproteinaemia.

Plasima VLDL B-Apoprotein Turnover

Figure 1 a and b shows a set of reprensentative
radioactivity decay curves obtained in a normal sub-
ject. Figure 1a shows the curves for the total VLDL
and for the B-apoprotein in plasma VLDL obtained
by precipitation with tetramethylurea. It is evident
that the disappearance rate of total *!I VLDL in
plasma is complex and could be resolved into several
exponentials representing the decay rates of several
labelled components of the molecule. On the other
hand, the decay rate of the B-apoprotein in plasma
VLDL was found to conform to a single exponential
function with a disappearance half time (t'2) of 2—4 h.

Figure 1b shows the disappearance of radioactivity
from labelled VLDL preincubated with the subject’s
own HDL rich plasma and reisolated by ultracentrifu-
gation before the injection. It can be seen that the
decay curve produces a single exponential with t')2
value which was similar to that of the B-apoprotein
isolated by the tetramethylurea precipitation as shown
in Figure la. Indeed, preliminary experiments per-
formed in four normal subjects and three patients with
hypertriglyceridaemia showed that the decay rate of
preincubated labelled VLLDL agreed closely with the
decay rate of the B-apoprotein in this lipoprotein
fraction (p < 0.001). It was therefore assumed in all
subsequent studies that the fractional turnover rate of
preincubated T VLDL represented the flux rate of
the B-apoprotein in plasma VLDL.

The t': of plasma VLDL determined from the
radioactivity curves obtained in normal subjects
varied between 2.17 and 3.15 h, while the absolute
daily plasma turnover of VLDL B-apoprotein was
259 + 2.9 mg/kg/day (range 12.5-33.6). Since the
ratio of triglyceride to B-apoprotein in plasma VLDL
was approximately 10:1, this turnover rate would
correspond to a triglyceride production rate of
125-336 mg/kg/day. This value is approximately
similar to that reported by our group [18] as well as
others [25, 26] in subjects in whom the VLDL
molecules were labelled endogenously in the tri-
glyceride moiety.
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Fig. 1. Effect of preincubation of labelled VLLDL with HDL rich
plasma on the in vivo disappearance of plasma VLDL radio-activi-
ty. la: Disappearance curve of total *!I VLDL and I VLDL
B-apoprotein obtained by tetramethylurea precipitation. 1b:
VLDL was labelled with '*T and preincubated with the patient’s
own HDL rich plasma and reseparated by ultracentrifugation. For
further details see under Methods

In the four patients with idiopathic hypertri-
glyceridaemia the increase in circulating mass of
VLDL B-apoprotein was associated with a concord-
ant increase in the turnover rate of this apoprotein.
Similarly, an increase in the turnover rate of VLDL
B-apoprotein was observed in the three patients with
maturity onset diabetes. These results suggest that the
hyperlipoproteinaemia in these patients was as-
sociated with an enhancement in the production of
VLDL B-apoprotein. In contrast, the two subjects
with lipodystrophy had turnover rates within the nor-
mal range suggesting that the increase in plasma
VLDL in these subjects was associated with impaired
removal of the carrier B-apoprotein in plasma VLDL.

Plasma FFA Flux Rate

Table 3 shows that in the patients with idiopathic
hypertriglyceridaemia and maturity onset diabetes,
the plasma FFA concentration was higher than that of
the controls. The circulating mass of FFA in these
patients was elevated 3—4 fold above the values seen
in the normolipaemic subjects. This elevation was as-
sociated with a significant enhancement of plasma
FFA flux. In the patients with lipodystrophic diabetes
on the other hand the plasma FFA concentration and
flux were close to the lower limits of the normal range.

Figure 2 shows that in all the subjects studied there
appeared to be a close correlation between the plasma
FFA flux and the turnover of plasma VLDL B-apo-
protein suggesting a causal relationship between the
enhanced lipolysis and the increased VLDL B-apo-
protein production. In these patients, however, no
significant correlation was observed between the plas-
ma FFA flux and either their abosulte or relative body
weights. (P = 0.15 and 0.12 respectively.)
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Table 3. Flux rates of plasma FFA and VLDL B-apoprotein in normal subjects and in patients with hypertriglyceridaemia

Subjects FFA VLDL B-apoprotein

No Conc. Flux rate Circulating FTR Turnover rate
(pneg/litre) ueq/kg/h mass ) (mg/kg/day)

(mg)

Normotriglyceridaemic subjects (n = 8)

1 878 189 150 0.28 18.2

2 1014 237 360 0.31 32.6

3 1040 201 180 0.32 25.9

4 978 193 160 0.32 19.2

5 480 169 120 0.30 12.5

6 1024 285 580 0.22 33.6

7 1004 259 420 0.24 33.0

8 984 219 290 0.29 31.7

Mean + SEM 925 + 66 219 14 282 + 57 0.28 = 0.01 25.9+29

Range (480-1040) (169-285) (120-580) (0.22-0.32) (12.5-33.6)

Endogenous hypertriglyceridaemia (n = 7)

9 1850 340 1390 0.16 49.5

10 1980 395 680 0.21 37.7

11 2960 442 760 0.21 50.4

12 1650 343 910 0.23 47.3

13 1890 480 1960 0.10 56.5

14 2010 375 1990 0.07 46.8

15 2200 322 1890 0.06 39.6

Mean + SEM 2077 + 160 385 £22 1368 + 221 0.15 £ 0.023 46.8 £ 2.4

Range (1850-2960) (322-480) (680-1990) (0.06-0.23) (37.7-56.5)

Lipodystrophic diabetes (n = 2) .

16 420 170 970 0.05 72.4

17 516 150 1000 0.035 18.6

FTR = fractional turnover rate

Circulating mass is calculated from the mean steady state concentration multiplied by the plasma volume taken as 5% of the body weight in kg

Plasma Insulin Levels

Figure 3 shows the fasting plasma insulin concentra-
tions and the insulin responses following an oral glu-
cose load. Inappropriately elevated insulin levels were
observed in all the hypertriglyceridaemic patients.
Thus the fasting plasma insulin levels in the seven
patients with endogenous hypertriglyceridaemia aver-
aged 21 = 3 (range 5-30) wU/ml which is significantly
higher than that seen in the normotriglyceridaemic
subjects (Mean £ SEM 7 + 1, range 4-10 uU/ml).
Also in the hypertriglyceridaemic patients the mean
insulin area was 503 * 84, (range 116-786) which was
significantly higher than that of the controls (Mean *
SEM 113 = 20, range 96-142).

In the two patients with diabetic lipodystrophy the
fasting plasma insulin levels were 40 and 62 uU/ml.
The insulin areas obtained during an oral glucose to-

lerance test were the highest among all the subjects '

studied. ‘

Though hyperinsulinaemia was evident in all the
hypertriglyceridaemic subjects, examination of the in-
dividual values showed a poor correlation between the

~ turnover rates of VLDL B-apoprotein and either the

fasting plasma insulin level (r = 0.254, P = 0.15) or
the insulin areas (r = 0.295, p = 0.1).

Discussion

The data presented in this study showing enhanced
turnover of plasma VLDL B-apoprotein in some pa-
tients with endogenous hypertriglyceridaemia indi-
cate that the increased triglyceride turnover seen in
these patients [2, 3, 7] is associated with an increased
production of plasma VLDL B-apoprotein. Indeed in
a previous study [8] we have demonstrated a close
correlation between the turnover of endogenous plas-
ma triglycerides and that of VLDL carrier apoprotein
measured simultaneously in hypertriglyceridaemic
patients.

Increased VLDL production could result from in-
creased de novo hepatic synthesis of fatty acids in
response to hyperinsulinaemia and/or from the en-
hanced supply of plasma FFA available for hepatic
esterification to triglycerides. Experiments with rat
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liver have shown that insulin increased the incorpora-
tion of labelled glucose into triglycerides and en-
hanced the subsequent release of VLDL molecules
into the medium [27, 28, 29]. On the basis of these
observations and the finding of a close correlation
between the elevation of plasma insulin and the in-
crease in triglyceride turnover Reaven et al. [2]
suggested that hyperinsulinacmia is the major
pathogenetic mechanism in the development of en-
dogenous hypertriglyceridaemia in man. Our results,
however, do not support this hypothesis. Although
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hyperinsulinaemia was found in all the hypertri-
glyceridaemic patients no correlation was demon-
strable between the plasma insulin level and the turn-
over of VLDL B-apoprotein. Furthermore, in the two
patients with lipodystrophy the production rate of the
plasma VLDL B-apoprotein was normal, despite the
fact that the insulin responses were the highest ob-
served amongst our patients.

Evidence from other sources supports our conclu-
sion that hyperinsulinaemia alone is not sufficient to
induce the increased hepatic VLDL production in
these patients. Thus Schlierf and Kinsell [30] have
reported that the administration of insulin does not
produce a significant elevation in plasma triglyceride
concentration. Furthermore, in patients with hyperin-
sulinaemia due to a functioning islet cell tumour
hypertriglyceridaemia does not occur even with high
carbohydrate feeding [1}].

The observations in the present study, on the other
hand, suggest that the increased supply of free fatty
acid constitutes the major determinant factor in
stimulating hepatic VLDL synthesis in patients with
endogenous hypertriglyceridaemia. Thus the turnover
of plasma FFA was increased and corrclated closely
with the enhanced production of plasma VLDL
B-apoprotein. A similar correlation was also demon-
strable between the FFA flux and the turnover of
VLDL triglycerides in a previous study |7]. The find-
ing of a normal VLDL B-apoprotein flux and VLDL
triglyceride turnover (unpublished) in the two sub-
jects with lipodystrophy further support our view
since in these patients the plasma FFA flux was not
elevated. :

The greater importance of plasma FFA in deter-
mining the hepatic VLDL output in man as compared
to fatty acids derived from carbohydrate sources has
been pointed out in several studies [31, 32]. Recently,
Barter et al. [9], and Barter and Nestel [10], using a
continuous infusion of *H palmitate and “C glucose,
demonstrated that virtually all newly formed VLDL
triglycerides, both in normal and hypertriglycer-
idaemic subjects receiving a blanced diet, were de-
rived from hepatic esterification of plasma FFA. On
the other hand, hepatic lipogenesis from glucose con-
stituted a minor source of plasma triglycerides. Thus
the increased availability of FFA, as seen in patients
with endogenous hypertriglyceridaemia, could induce
an increase in plasma VLDL production. This effect
appears to be independent of the prevailing insulin
level. Thus Schlierf and Dorow [33] and Schlietf et al.

[34] have reported that the nocturnal rise in plasma
triglycerides coincided with the overnight enhance-
ment of lipolysis, when the plasma insulin levels were
very low. Also, in juvenile ketoacidotic diabetics the
increased plasma FFA flux enhanced the hepatic re-
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lease of triglycerides at a time when insulin deficiency
was most marked [35]. These results indicate that an
“insulinised” liver is not a necessity for the enhanced
lipolysis to increase hepatic triglyceride production
and that the existence of hepatic resistance to insulin
action need not influence the effect of the increased
FFA flux.

The mechanisms underlying the increased FFA
flux seen in patients with endogenous hypertri-
glyceridaemia are not clear. This increase is not a
manifestation of increased adiposity since none of our
patients was markedly obese and no correlation was
demonstrable between the body weight and FFA flux.
Also the increased FFA flux could not be due to
enhanced recycling of FFA from plasma triglycerides
or increased transport of FFA between the plasma and
the extravascular space, since estimates of these

parameters have been shown in a previous study tobe

within the normal range [18]. The likelihood therefore
is that the increased circulating FFA was due to en-
hanced lipolysis; in the presence of hyperinsulinaemia
this indicates a state of insulin resistance in adipose
tissue. Indeed recent studies [36] have shown de-
creased sensitivity of the antilipolytic response to in-
sulin in adipose tissue obtained from patients with
endogenous hypertriglyceridaemia.

The insulin resistance in adipose tissue, however,
probably does not account for the impaired glucose
tolerance observed in some patients with endogenous
hypertriglyceridaemia since Bjorntorp et al. [37] have
reported that less than 5% of the total glucose con-
sumption could be attributed to adipose tissue
metabolism in man. Also Sjostrom et al. [38], using
cell free homogenates of adipose tissue, indicated that
the maximum lipogenesis by this tissue accounted for
a minor fraction of the daily glucose flux. It is more
likely therefore that the resistance to insulin action
involves the liver in addition to adipose tissue. This
conclusion certainly applies to patients with lipodys-
trophy in view of the marked hyperglycaemia ob-
served in these patients despite extremely high pre-
vailing insulin levels.

Further studies however are required to identify
the biochemical derangement responsible for the in-
sulin resistance in these subjects.
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