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Insulin-mediated vasodilatation:
the authors' reply

Dear Sir,
We thank Steinberg and Baron for their comments on our re-
view [1]. It is disappointing that the most important message
of the review has been missed.

The major difference between the studies by Steinberg and
Baron, and those by other investigators is in the design used to
study insulin's effect on limb blood flow. In the first study de-
scribing a `physiologic' dose-dependent effect of insulin on
limb blood flow in 1990, insulin was infused sequentially in in-
creasing doses for 9 h (ref. 8 in [1]). Between 5 and 7 h of insulin
infusion, a 40 % increase in blood flow was observed. At 9 h at
an insulin concentration of 17 520 pmol/l, flow had increased
by 65 % (4.3 vs 2.6 dl/min). These data do not differ from those
reported by ourselves using sequential insulin infusions and
measurement of forearm blood flow using plethysmography
(reproducibility appears to be laboratory-dependent, in our la-
boratory it is 13 %, ref. 19 in [1]): an increase in flow of 50 % at
4 h (insulin 834 pmol/l) and 113 % at 6 h (insulin 2907 pmol/l).
The difference between this study and our earlier study cited
by Steinberg and Baron [2] is that in the latter study various do-
ses of insulin were infused on separate days rather than sequen-
tially and that basal and insulin stimulated flows were deter-
mined in different groups of subjects. After an oral glucose tol-
erance test in normal middle-aged subjects, insulin concentra-
tions increase to a mean peak concentration of 360 pmol/l after
1 h and return to baseline by 3 h [3]. In our view, the latter condi-
tions represent physiology. In the review, we analysed data from
75 studies just in normal subjects and showed that under condi-
tions we consider physiological (dose * duration of insulin infu-
sion < 1, Fig. 2 in [1]), blood flow was unchanged. Taken toge-
ther these data indicate that the duration of the insulin infusion
rather than the method is the most important determinant of
the blood flow response to insulin. Along the same lines, even
investigators using the same technique as Steinberg and Baron
(ref. 11 in [1]) or different techniques (refs. 12, 71±74 in [1]),
have failed to find a defect in insulin stimulated blood flow in
patients with Type II (non-insulin-dependent) diabetes melli-
tus. This again shows that results regarding flow are not techni-
que-dependent. The discrepant data might be explained by fac-
tors such as limb muscularity and muscle capillary density
(refs. 19 and 26 in [1]), which explain more than 70 % of interin-

dividual variation in basal flow and of flow responses to insulin
measured with plethysmography. The latter data further sup-
port the validity of the technique.

Regarding the question of whether insulin-mediated vasodi-
latation contributes to glucose uptake, we would agree that re-
solution of controversy occurs through independent confirma-
tion and new methodologies. In this respect, the authors cor-
rectly observe that their finding of a change in glucose uptake
in response to a change in flow has not been reproduced in 3 stu-
dies cited in the review (refs. 80, 82, 83 in [1]) or in 3 subsequent
studies [4±6]. How many repeated attempts do we need? The
flow intervention studies include our studies where positron
emission tomography (PET), [15O]-H2O and the autoradio-
graphic method has been used to measure blood flow directly
in skeletal muscle. Steinberg and Baron appear to have missed
validation of this method [7]. Regarding the ability of [18F]-
FDG and PET to accurately trace glucose uptake in skeletal
muscle, again the statement of lack of validation is simply scien-
tifically unfounded. The validation includes comparison of PET
measurements with traditional measurements using the Fick
principle [8] and direct determination of the lumped constant
in the presence and absence of insulin in human skeletal muscle
(ref. [9]). In our experience, the regression equation relating
muscle glucose uptake measured with PET in any group of sub-
jects [normal men and women, obese, hypertensive and Type I
(insulin-dependent) and II diabetic patients] is close to that
measured independently with the euglycaemic clamp technique
and reproducible. This technique also offers the unique possibi-
lity to measure glucose uptake without invasive femoral artery
and vein catheterizations anywhere in skeletal muscle. We do
not understand why Steinberg and Baron consider these human
data in skeletal muscle invalid because of strange results ob-
tained in the isolated perfused rat heart preparation. In support
of the peculiarities of the former preparation, [18F]-FDG has re-
cently been shown to accurately trace glucose metabolism even
in the human heart in vivo both under fasting and various insulin
stimulated conditions [10].

In conclusion, we do not regard the data of Steinberg and
Baron to be inconsistent with data generated by other investi-
gators, when the multiple aspects listed in the review, especial-
ly the time-dependency of the phenomenon, are carefully con-
sidered. The only discrepancy seems to be confined to studies
examining whether glucose uptake can be altered by changing
blood flow. In any event, we believe the time has come to pro-
ceed from trying to explain muscle glucose uptake with blood
flow changes induced by insulin to clinically more relevant
questions such as why blood vessels stiffen and develop athero-
sclerosis in insulin resistant people.

Yours sincerely,
H.Yki-Järvinen, T. Utriainen
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Nutrient channelling-regulated peroxisome
proliferator-activated receptor-g-2
(PPARg-2) and leptin gene expression
in human subcutaneous fat

Dear Sir,
It is widely accepted that obesity, defined as a state of patho-
logically excessive adipose tissue mass, has major adverse
medical consequences, largely due to its association with non-
insulin-dependent diabetes, hypertension, hyperlipidaemia,
and cardiovascular diseases. The development of obesity re-
quires the continuous differentiation of new adipocytes or
their growth or both to store energy as triglycerides [1]. To-
gether with food intake and energy expenditure, partitioning
to fat (i. e. the metabolic tendency to deposit excess calories
as fat rather than as protein or glycogen) is a third factor regu-
lating body energy homeostasis. This process can be changed
in obesity. Little is known about the mechanisms involved in
the preferential channelling of different fuels to fat and wheth-
er or how the target tissue participates in this process. Increas-
ing evidence indicates that adipocyte may function as a finely
regulated endocrine cell containing several factors that play
an active part in the regulation of energy homeostasis. One
such factor is leptin which is encoded by the ob gene and induc-
es satiety together with an increase in energy expenditure,
thereby regulating the size of body fat according to the lipo-
static model [2]. The target tissue for these leptin actions is
the hypothalamus, in which specific receptors have been iden-
tified. Moreover leptin has a dose-dependent lipolytic activity
suggesting an autocrine/paracrine action of leptin on white fat
cells and the involvement of the ob protein not only in central-
ly mediated pathways but also in physiological functions which
take place peripherally [3].

Adipocyte differentiation from preadipocytes has been
shown to be triggered by members of the peroxisome prolifer-
ator-activated receptor (PPARg) [4],which acts through trans-
activation of adipose specific genes, including those that en-

code for proteins involved in lipid storage and metabolism [5].
In particular, PPARg-2 has been shown to have the highest ad-
ipogenic activity [6].

PPARg-2 gene expression in adipose tissue is increased as a
function of body mass index (BMI) in obese humans and
down-regulated in obese patients loosing weight under low cal-
orie diet suggesting a possible role for PPARg-2 expression in
the pathogenesis of changed adipocyte numbers and functions
in obesity [7].

It has recently been reported in rats that muscle and fat
cells have a nutrient-sensing pathway that involves UDP-n-
acetylglucosamine and is activated by non-esterified fatty acids
(NEFA) [1] and which stimulates the gene expression of leptin
[2].

To investigate in humans whether others nutrient-sensing
pathways may be activated by NEFA [8], we examined the ex-
pression of genes coding for the adipose satiety hormone leptin
and the adipogenesis stimulant PPARg-2 [9] in the gluteal sub-
cutaneous fat of eight male volunteers of normal-weight (age
28±43; mean BMI 22.6 ± 0.9 kg ´ m±2) before and after In-
tralipid plus heparin infusion.

Protocols involving adipose biopsies have been approved
by an internal ethics committee of the University of Padua
and all subjects gave their informed consent.

Intralipid 20 %, a commercial emulsion of soybean oil, was
infused at 1.5 ml ´ min±1 (0.3 g ´ min±1) with heparin sodium
(200 U in bolus and 0.4 U ´ min±1 ´ kg±1 iv) for 5 h. Heparin
displaces lipoprotein lipase (LPL) from adipocyte surface
proteoglycan binding sites and increases LPL-specific triglyc-
eride hydrolysing activity. Gluteal subcutaneous fat was ob-
tained by needle liposuction after an overnight fast and after
Intralipid plus heparin infusion. The tissue was immediately
frozen in liquid nitrogen. Total RNA was isolated from adi-
pose tissue biopsies of treated or untreated patients using the
RNAzol method (TM Cinna Scientific, Friendswood, Tex.,
USA). The RNAs were treated for 1 h at 37 °C with 6 U
RNAse-free DNAse I/mg RNA in 100 mmol/l Tris-HCl, pH
7.5, and 50 mmol/l MgCl2 in the presence of 2 U/ml placenta
RNAse inhibitor. All of RNAs (circa 200 ng from each biop-
sies) were reverse-transcribed with 200 U of Moloney murine
leukemia virus reverse transcriptase (Promega, Madison,
Wis., USA) in 20 ml of buffer containing 0.4 mmol/l dNTPs, 2
U/ml RNAse inhibitor, 0.8 mg oligo(dT)15 primer (Promega).
Reverse transcription-polymerase chain reaction (RT-PCR)
was done using Taq DNA polymerase (Promega) in 25 ml of
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