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The article by Dr. Zawalich is very interesting and his 
working hypothesis, i.e. that "events at the level of 
the beta cells are the earliest changes occurring in 
the prediabetic individual", that "enhanced beta-cell 
responsiveness, a result of increases in vagal and fuel 
stimulation of the islets, results in hyperinsulin- 
aemia"; that "chronic or at least long-lasting hyperin- 
sulinaemia is then responsible for changes in target 
tissue sensitivity to the glucose-regulatory effect of 
insulin", are very much in keeping with data from 
our and other basic research laboratories [1-4]. 

The endocrine pancreas. It has been found that the 
endocrine pancreas of 17-day-old preobese pups tes- 
ted before weaning (i. e. before they become visibly 
obese) had a greater insulin output in response to glu- 
cose or arginine than age-matched control animals. 
This abnormality was returned to normal by prior 
acute administration of atropine. As at.ropine did not 
change substrate-induced insulin output of control 
pups, these data clearly indicate that an overactive 
vagus nerve was responsible for substrate-induced in- 
sulin oversecretion of the preobese group [5, 6]. 

In keeping with this conclusion, a short-acting 
electrical stimulation of the cervical vagus nerve pro- 
duced an insulin output that was more than 10 times 
higher in adult genetically obese fa/fa rats than in 
controls [5]. 

Furthermore, a short-acting electrical stimulation 
of the vagus nerve carried out immediately before in- 
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travenous glucose administration potentiated glu- 
cose-induced insulin secretion in both adult normal 
and genetically obese rats, but to a level that was two 
times higher in the obese than in the normal group [5]. 

Finally, isolated perfused pancreases from geneti- 
cally obese rats (fa/fa) secreted almost ten times 
more insulin in response to arginine than pancreases 
from normal rats. Superimposed infusion of atropine 
had no effect on arginine-induced insulin secretion 
by pancreases from lean rats but decreased that of 
obese rats, thereby suggesting the presence of in- 
creased cholinergic activity in pancreases of obese 
rats [5]. 

In a model of experimental obesity (ventromedial 
hypothalamic lesions, VMH-lesioned rats) the 
amount of insulin or glucagon released during metha- 
choline infusion (a muscarinic agonist) was five and 
two times greater, respectively, in isolated pancre- 
ases from experimentally obese rats than in those of 
controls, effects that were completely abolished by 
the superimposed infusion of atropine, thus demon- 
strating the specificity of the methacholine effect on 
the cholinergic system [7]. 

When basal insulinaemia was somewhat increased 
(by 1.15 fold) in young (21-day-old unweaned) genet- 
ically obese animals, fat accretion was increased and 
muscles were not insulin resistant, but insulin overre- 
sponsive [8]. 

Peripheral hormones and metabolism. It has been 
shown [9] that in adipocytes from 16-day-old pre- 
obese unweaned rats, GLUT4 m R N A  and protein 
levels of adipocytes were more than twice those of 
controls [9]. Although these data were interpreted as 
being in agreement with a genotype regulatory effect 
on GLUT4 [9], subsequent data reported that basal 
insulinaemia was increased in preobese pups of the 
same age [10]. Furthermore, substrate-induced insu- 
lin output was not measured in these preobese ani- 
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mals, but was likely to be increased at this phase of 
the syndrome, as it was in the 17-day-old preobese 
pups mentioned above [5, 6]. 

It is important to emphasise that great efforts have 
been made to attempt to detect the earliest abnor- 
malities of obesity syndromes. One should be aware, 
however, that a given alteration cannot always be ac- 
companied by measurements of the final output nee- 
ded to prove the relevance of the alteration in ques- 
tion. Thus, brown adipose tissue thermogenesis ca- 
pacity (as assessed by the binding of guanosine 5'- 
diphosphate to isolated mitochondrial membranes) 
was lower, at 2 days of age, in genetically preobese 
fa/fa pups compared with their normal littermates 
[11]. This strongly suggested the early occurrence of 
alterations in the central regulation of the autonomic 
nervous system, bearing, in this particular case, on 
the efferent sympathetic limb innervating the brown 
adipose tissue and the energy dissipating mecha- 
nisms thereof. Although not testable, such a defect 
could affect the endocrine pancreas, thereby alleviat- 
ing the inhibitory effect of the sympathetic nervous 
system on insulin output and favouring insulin over- 
secretion. At 10 days of age the fa/fa pups showed a 
decrease in the P32'000 uncoupling protein mRNA 
levels, a protein responsible for the energy dissipa- 
tion as heat [12]. At this age basal hyperinsulinaemia 
of the fa/fa was present [10] and could be the result 
of a central nervous system alteration of the regula- 
tion of the autonomic nervous system which affects 
both the sympathetic efferents (which are decreased 
in genetic fa/fa obesity), as well as the parasympa- 
thetic efferents (which are increased in genetic fa/fa 
obesity) as reviewed elsewhere [13]. 

Even if basal insulinaemia is seemingly unchanged 
in very young genetically preobese pups, basal insu- 
lin levels may no longer oscillate, i.e. be "clamped" 
throughout the day, a defect that is obvious when obe- 
sity syndromes are overt [14, 15]. The importance of 
the rhythmicity of hormones such as insulin and corti- 
costerone in exerting their physiological role has been 
emphasised, as has been the pathological influence of 
the disappearance of this circadian rhythm [16-18]. 
The view that seemingly normal but "clamped" basal 
insulinaemia may be enough to stimulate adipose tis- 
sue metabolic activity is provided by the following ex- 
ample: normal rats were each infused for 4 days with 
insulin (1 unit per day) via a subcutaneously im- 
planted minipump delivering the hormone. At the 
end of this experimental period, basal insulinaemia 
was the same in the control and the "insulinised" 
groups and there was no intergroup difference in gly- 
caemia. Despite such lack of increase in basal insulin- 
aemia, the in vivo insulin-stimulated glucose utilisa- 
tion index of white adipose tissue (measured with the 
labelled 2-deoxyglucose uptake technique) was much 
more insulin responsive (about 3 times) in the "insu- 
linised" than in the control group [19]. 

This possibility is in keeping with the data ob- 
tained in VMH-lesioned rats [20]. One week after 
the lesions, basal plasma insulin levels were identical 
to those of controls, but adipose tissue GLUT4 
mRNA and protein levels were markedly higher in 
VMH-lesioned obese than in control rats, as were fat- 
ty acid synthase, acetyl-CoA carboxylase mRNA lev- 
els and enzymatic activities [20]. Note that at this age 
or even earlier, VMH-lesioned rats are characterised 
by increases in substrate-induced insulin output [21], 
increases in basal and overall as well as adipose tis- 
sue insulin-stimulated glucose utilisation, increases 
in glucose carbon conversion into lipid [14, 20]. 
These data are compatible with the concept that mea- 
surements of basal insulinaemia only may not be an 
adequate index of the degree of insulin to which 1- 
week VMH-lesioned rats, possibly very young pre- 
obese fa/fa pups, are actually exposed on a daily ba- 
sis. The data are also compatible with the concept 
that insulin plays an important role in the metabolic 
changes in adipose tissue and muscles as just summa- 
rised. Between days 1 and 7 of age, genetically pre- 
obese pups are not hyperphagic [22], they become 
chemically obese [10] and the activity of adipose tis- 
sue glucose transport, of several enzymes involved in 
fat accretion (e. g. fatty acid synthase, lipoprotein li- 
pase) are augmented in white adipose tissue in partic- 
ular [9, 23-26]. These changes are probably not re- 
lated to gene(s) up-regulating adipose tissue meta- 
bolic activity, but are possibly and initially due to the 
existence of a clamped normoinsulinaemia with un- 
detected peaks of the hormone, followed (from 
10 days onward in preobese fa/fa pups) by actual hy- 
perinsulinaemia [10]. This viewpoint is in keeping 
with the interesting study showing that the blood 
flow in pancreatic islets from genetically obese fa/fa 
rats (as well as from VMH-lesioned rats) is increased 
compared to respective controls. Islet blood flow was 
further shown to be under the stimulatory influence 
of the vagus nerve and the inhibitory influence of 
the sympathetic outflow via the ct2-adrenergic recep- 
tor. Although increased islet blood flow was studied 
in adult obese rats, early alterations in the regulation 
of the autonomic system [7, 11, 12] controlling this 
process could contribute to "clamp" insulinaemia in 
preobese rats, to subsequently favour the insulin 
oversecretion observed in adult obese rats [27]. 

Increases in adipose tissue lipoprotein lipase activ- 
ity (LPL) are detectable by day 7 in fa/fa pups, before 
the onset of overt hyperinsulinaemia [23, 24], al- 
though basal insulinaemia could be clamped as just 
mentioned. At 28 days of age the young genetically 
obese fa/fa rats have marked increases in LPL activ- 
ity and are hyperinsulinaemic [23, 26]. Enlarged adi- 
pocyte of young fa/fa rats also have marked increase 
in LPL activity (per cell or per cell area), LPL secre- 
tion and LPL turnover [28], alterations which are not 
due to a specific abnormality of the LPL gene expres- 
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sion or synthesis, but to a generalised increase in total 
RNA levels and generalised increase in protein syn- 
thetic activity [28]. The latter may also be responsible 
for the reported increase in the number of glucose 
transporters of adipose tissue from young genetically 
obese rats [29]. Thus, enhanced responsiveness of adi- 
pose tissue to insulin appears to be an important fea- 
ture, possibly of unweaned preobese rats, certainly of 
young genetically obese rats, and seems related to sus- 
tained hyperinsulinaemia [30] as, in the obese group, 
both hyperinsulinaemia and increased adipose tissue 
responsiveness to insulin remain elevated even dur- 
ing fasting [31] or during pair-feeding [32]. The cause 
of the early increase in adipose tissue (possibly mus- 
cle) insulin responsiveness of preobese animals is un- 
known, but is likely to be due to changes in the activ- 
ity of the autonomic nervous system, with combined 
increased parasympathetic and decreased sympa- 
thetic efferents [13, 33] that would "prime" or sensi- 
tise not only islets to the level of glucose [34], but po- 
tentially adipose tissue to that of insulin. 

As mentioned above, when hyperinsulinaemia is 
moderate in preobese unweaned genetically obese 
rats, muscle is not resistant but overresponsive to the 
hormone [8]. Muscle insulin resistance is present 
when basal insulinaemia is increased by about two 
fold and it is thereafter positively correlated with the 
degree of the prevailing hyperinsulinaemia [8, 35]. 
Due to these observations, it can be concluded that 
muscle insulin resistance appears early in the develop- 
ment of the genetic obesity syndrome but is not a pri- 
mary event [8, 36, 37]. The pathological relevance of 
hyperinsulinaemia in obesity-insulin resistance syn- 
dromes is further suggested by experiments carried 
out with normal rats infused for 4 days via subcutane- 
ously implanted minipumps delivering the hormone, 
while maintaining euglycaemia. Similar observations 
were made in 7-day "insulinised" normal rats [38]. 
Such "insulinisation" has divergent effects on adipose 
tissue and the muscle mass: while "insulinisation" ren- 
ders adipose tissue more responsive to acute insulin 
when considering glucose uptake [39, 40], glucose- 
transporter concentration [40] and lipogenesis [39], it 
produces muscle insulin resistance, the mechanism of 
which appears to be decreased levels of GLUT4 
mRNA and protein in skeletal muscle [39, 40]. 

The lack of hypoglycaemia in the face of hyperin- 
sulinaemia in genetically obese rodents could be due 
to hyperinsulinaemia-induced early onset of muscle 
insulin resistance [8, 36], also observed in normal hu- 
mans exposed for 20 h to hyperinsulinaemia-normo- 
glycaemia [41]. Muscle insulin resistance can also be 
due to the existence of a concomitant overactive hy- 
pothalamo-pituitary adrenal axis [42-44] which, via 
increased glucocorticoid output, also contributes to 
producing muscle insulin resistance [45]. In humans, 
analogous findings have been reported for visceral 
(central) obesity, as these patients have increased 

24-h urinary cortisol excretion and increased activity 
of the hypothalamo-pituitary-adrenat axis [46]. The 
combined presence of excess insulin and excess corti- 
sol (or corticosterone) with their own respective ef- 
fects, together with their synergistic interactions in 
stimulating lipoprotein lipase activity in particular 
[47] may well constitute the main basis for the neu- 
roendocrine aetiological basis of obesity. 

A common feature linking hyperinsulinaemia and 
hypercorticism could be a series of dysregulations of 
neuropeptides [48]. Hypothalamic corticotropin re- 
leasing factor (CRF) and neuropeptide Y (NPY) in- 
teract with each other [48]. Hypothalamic NPY lev- 
els are high in most of the genetically obese rodents 
[49-55]. 

Of interest is the observation that intracerebro- 
ventricular (i. c. v.) administration of NPY to normal 
rats for 1 week reproduces most of the hormonal and 
metabolic alterations observed in genetically obese 
rodents: basal and substrate-induced hyperinsulin- 
aemia, mild hypercorticism, increased liver and adi- 
pose tissue lipogenic activities, increased adipose tis- 
sue glucose transport and glucose transporter 
(mRNA and protein) levels, together with muscle in- 
sulin resistance [56-58]. The hyperphagia produced 
by the i. c. v. infused NPY appears to be an aggravat- 
ing rather than a causative factor, as most changes ob- 
served with i. c.v. NPY administration to normal rats 
are present when hyperphagia is prevented by pair- 
feeding [56, 57]. Thus, i. c.v. NPY produces the same 
divergent effects on adipose tissue and muscles as 
does "insulinisation" in normal rats, making adipose 
tissue more and muscles less responsive to an acute 
insulin challenge. In this respect, the recently re- 
ported lack of effect, in the ob/ob mice, of an adipose 
tissue protein [59] responsible for satiety could place 
the ob/ob animals in a nutritional state similar to 
that of fasting [55], thereby being responsible for the 
known increase in hypothalamic NPY levels of these 
obese rodents [52, 55], with its peripherally altered 
energy partition toward fat mentioned above. 

The concept that the increased insulin output by 
the pancreatic beta cell is an early change in the pre- 
diabetic phase described by Dr. Zawalich does fit 
with data gathered from animal models. We have pro- 
posed that such an early overresponsiveness of the 
beta cell is of prime importance for the occurrence 
of both fat accretion and, directly or indirectly, of in- 
sulin resistance, the latter also being brought about 
by some degree of hypercorticism [42, 45]. We have 
shown that the overresponsiveness of the endocrine 
pancreas of obese rodents could be of central (CNS) 
origin [1, 13, 35, 60, 61]. Whether this is the case for 
obese non-insulin-dependent diabetic (NIDDM) pa- 
tients in general, for obese NIDDM patients with 
central (i.e. abdominal) obesity in particular, is a 
challenge that is open for clinical researchers to 
prove or disprove. 
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