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An hypothesis on the aetiology of obesity: 
dysfunction of the central nervous system as a primary cause 

B. Jeanrenaud 

Laboratoires de Recherches Mrtaboliques, University of Geneva Medical School, Geneva, Switzerland 

The topics I was studying when I received the 1970 
Minkowski Award were the the regulation of adipose 
tissue metabolism and the mechanism of insulin secre- 
tion. I had shown, as had several others, that adipose 
tissue was not as inert as it had been claimed to be for 
years but that it was very active metabolically and under 
the control of many hormones, insulin in particular. In 
collaboration with Doctor A. Lambert at the Institut de 
Biochimie clinique of  Professor A. E. Renold we had al- 
so demonstrated, albeit indirectly, that insulin secretion 
was a cyclic AMP-dependent process [1]. 

In 1971, I started a new research group, the "Labo- 
ratoires de Recherches Mrtaboliques", Faculty and De- 
partment of Medicine (Geneva) of which I had been 
nominated Professor and Head by the State of Geneva. 
I also moved to a new building , the "Fondation pour 
Recherches Mrdicales" Which made available to me, 
progressively, research space. It is within this buitding 
that Nestl6 S.A. (Vevey) constructed for our group an 
excellent animal quarter. Our gratefulness to this com- 
pany for its scientific and financial support is immense, 
all the more that it has always respected our academic 
freedom, a remarkable trait indeed. In 1970, our group 
consisted of five persons; now the number is 20-24. The 
challenge over the years was to create an entirely new 
research group, at a time when  the oil crisis, and the 
money problem derived~ from it, was starting. The 
acknowledgements at the end of the present article give 
an idea of the many institutions which supported us fi- 
nancially and complemented the official State budget 
which tends, as money gets scarce, to finance teaching 
and administration more than research. 

My research was collaborative: it involved many 
persons to whom I am greatly indebted. The overall 
strategy chosen was to study the regulation of insulin 
target tissues in normal and obese rodents, in an at- 
tempt to understand a possible primary aetiology of 
obesity syndromes and their relationship to Type 2 dia- 
betes. 

We started by setting up (Dr.F.Assimacopoulos- 
Jeannet in collaboration with Dr. J. H. Exton, who was 

invited professor in Geneva) a technique to perfuse liv- 
ers from normal mice. This was a novelty as all scientists 
were working, at that time, with perfused rat livers. 
Mouse liver weight is about 1.2 g while rat liver weight 
is 12 g, a substantial difference when it comes to perfus- 
ing the organ. As you can see from Figure 1, perfused 
livers from normal mice responded well to glucagon, 
epinephrine and cAMP [2]. In these perfused mouse liv- 
ers we investigated many aspects of the normal liver, in 
particular the role microtubules and microfilaments 
play in protein and lipoprotein secretion [3-8]. Dr. Y. Le 
Marchand-Brustel played a key role in this work as 
she did, together with Dr. F. Assimacopoulos-Jeannet, 
Dr. E. G. Loten and others, in the initial studies of obesi- 
ty syndromes. I shall not summarize our data pertaining 
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Fig.t. Effect of glucagon, epinephrine and cyclic AMP on glycogen- 
olysis of perfused livers of fed normal mice. Mean of 4 experiments 
_+ SEM [2] 



B. Jeanrenaud: Central nervous system in obesity 

to the normal regulation of insulin target tissues as I will 
concentrate on the pathophysiological aspects of our re- 
search effort. 

We chose to perfuse the liver of the normal mouse 
because we wanted to investigate subsequently livers of 

genetically obese animals. At that time the animal mod- 
el most easily available was the ob/ob mouse, and its 
metabolism had been little studied. We found that per- 
fused livers of genetically obese (ob/ob) mice had the 
following abnormalities (Fig.2): (a) their lipogenesis 
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Fig.2. Lipogenesis and triglyceride secretion by peffused livers of fed 
lean and obese (ob/ob) mice. Lipogenesis was measured in the pres- 
ence of glucose (11 mmol/l) by incorporation of tritium, from 3H20, 
into total (liver+ perfusate) triglyceride fatty acids. Triglyceride secre- 
tion refers to release of newly synthetized (i. e. tritium labelled) trigly- 
cerides. Percentages relate triglyceride secretion to lipogenesis. Means 
of 4 experiments ___ SEM [9] 
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was greatly enhanced compared with controls; (b) they 
oversecreted triglycefides as VLDL; (c) the percentage 
of VLDL secreted was the same in livers of both lean 
and obese mice, thus providing an explanation as to 
why the hepatic parenchyma of obese animals was infil- 
trated with fat [9]. We also observed, as shown by Fig- 
ure 3, that the same abnormalities were seen in perfused 
livers from ventromedial hypothalamic (VMH)-le- 
sioned animals [10, 11]. It also appeared that over-syn- 
thesis of lipids in ob/ob mice was not restricted to the 
liver but was present in adipose tissue as well (Fig.4) 
[12]. This also turned out to be true for adipose tissue 
obtained from mice rendered obese via hypothalamic 
lesions (Fig. 8 A) [13]. 

We thus began to think that a common pathology 
was somehow linking genetic and hypothalamic obesity 
syndromes. We were struck by the observation that both 
types of obese animals had high basal plasma insulin 
levels (e. g. genetically obese ob/ob mice: 5-25 ng/ml; 
hypothalamic obese mice: 7-15ng/ml,  at the age of 
8-15 weeks). We then hypothesized that livers and adi- 
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Fig.4. Incorporation of radioactivity into triglycerides of liver and 
adipose tissue of lean (O ..... �9 and obese (ob/ob, 0----@) mice in 
vivo following an intravenous administration of U-14C-D glucose. 
Means of 6 experiments • SEM [12] 
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Fig.3. Left hand panel: Total lipogenesis (incorpora- 
tion of tritium from 3H20 into triglycerides). Right 
hand panel: Secretion of newly synthetized triglycer- 
ides (triti ,urn labeled) by perfused livers of fed controls 
([3) and VMH-lesioned ([])  rats fed a restricted diet 
matching that of controls, Means of 6 experiments 
_+ SEM [10] 
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Fig. 5. Effect of streptozotocin treatment or of anti-insulin serum ad- 
ministration on the incorporation of radioactivity in triglycerides of 
liver and adipose tissue of obese hyperglycemic (ob/ob) mice follow- 
ing an intravenous dose of U-a4C-D glucose given in vivo. Measure- 
ments made after 90min. [] Non-treated; [] streptozotocin-treated; 
[] anti-insulin serum-treated. Means of 6-12 experiments ___ SEM [12] 
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Fig. 6. Effect of increasing concentrations of insulin infused into the 
portal vein upon its removal by perfused livers of fed lean (open bars) 
and obese (ob/ob) (hatched bars) mice. Insulin removal was deter- 
mined at the steady state and expressed as percent of insulin infused 
into the portal vein. Means of at least 4 experiments + SEM [17] 
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Fig. 7 a and b. Specific binding of insulin to liver plasma membranes 
from lean and hypothalamic-obese mice. a 9-week-old mice. 
b 20-week-old mice. Note that 9 weeks of age refers, for the animals 
lesioned in the hypothalamic area, to animals studied 6 weeks after 
gold-thio-glucose (GTG) administration; 20weeks of age refers to 
animals studied 13-17 weeks after GTG administration. Basal insu- 
linemia of group A: lean = 2.6, obese 7.3 ng/ml; of group B: lean/2.2, 
obese 15.2 ng/ml. Means of 4 experiments _+ SEM [13] 
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Fig. 8 a and b. Effect o f  insulin on glucose metabolism by epididymal 
adipose dssue of  lean and hypothalamic-obese mice. a 9-week-old 
mice. b 20-week-old mice. Hypothalamic lesions were carried out as 
indicated in Figure 7. U-14C D-glucose in the medium at the f inal con- 
centration of 7.5 mM. Means of 9-12 experiments + SEM [13] 
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Fig.9 Correlation between in vivo basal plasma insulin levels before 
experiments and in vitro responses of soleus muscles to insulin in lean 
(open bars) and hypothalamic-obese (hatched bars) mice. Hypothal- 
amic lesions were carried out as indicated in Fig.7. Means of 5-12 
experiments --- SEM [13] 

pose tissue of obese animals were basically normal, but 
were probably overstimulated by their prevailing hyper- 
insulinemia. To show this we treated obese animals with 
streptozotocin (6-10 days prior to the experiment) or, 
acutely, with anti-insulin serum. As illustrated by Fig- 
ure 5, such treatments restored the increased liver and 
adipose tissue lipogenesis of  the obese animals to nor- 
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mal [9, 12]. This was accompanied, in adipose tissue, by 
a dramatic decrease in the activities of fatty acid synthe- 
tase and acetyl CoA carboxylase [14], and in perfused 
livers by a normalization of  the high VLDL output, as 
well as of the low ketogenesis [9]. 

It is of  importance to emphasize that streptozotocin 
treatment did not make genetically obese mice insulin- 
deficient. Basal insulinemia was decreased from, for in- 
stance, 7-25 ng/ml, to about 2-3 ng/ml, still several- 
fold higher than normal [9, 12, 14]. Such treatment prob- 
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Fig. 12. Effect of cytochalasin B on uptake of  2-deoxyglucose by iso- 
lated fat cells. 0.1 mM 2-deoxyglucose [1-3H] glucose. Control: 
((3----(3); cytochalasin (21 p.g/ml ~----4}). Means of 5 experiments + 
SEM [311 

ably just made the obese animals unable to oversecrete 
insulin and thus unable to overstimulate target tissues. 
The same findings were obtained (Fig. 5) with obese ro- 
dents which were acutely treated with anti-insulin an- 
tibodies [10, 12]. 

We therefore came to the conclusion that hyperinsu- 
linemia was probably a key factor in bringing about the 
obesity in the syndromes just mentioned. We started 
thinking that insulin oversecretion, as it was present 
both in genetic obesity (in which Central Nervous Sys- 
tem (CNS) defects, albeit unrelated to the regulation of 
insulin, had been described) [15, 16] and in obesity pro- 
voked by lesions of the hypothalamic area, might find 
its origin within the CNS. We realized that hyperinsu- 
linemia was a defect placing obese rodents in a series of 
vicious circles that prevented them ever regaining a nor- 
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Fig. 13. Scatchard analysis of equilibri- 
um [3H l cytochalasin B binding to isolat- 
ed rat diaphragm plasma and micro- 
somal fraction at 4 ~ Prior to prepar- 
ing, these fraction intact diaphragms 
were incubated at 37 ~ in the absence 
( H )  or presence (zX ..... A ) of 
280 nM insulin. Cytochalasin B binding 
was then measured at the cytochalasin B 
concentration indicated in the presence 
or absence of 400 mM D-glucose (dis- 
placement of cytochalasin by glucose 
being a measure of specific glucose 
transport units). 1% = dissociation con- 
stant in nM, Ro= D-glucose inhibitable 
cytochalasin B binding sites in pmol/mg 
membrane protein. Means + SEM of 
duplicate determinations. The data indi- 
cate the existence of a translocation of 
glucose transport units from the cell in- 
terior to the plasma membrane under 
the influence of insulin [34, 35] 
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Fig. 14. Schematic representation of the pro- 
gressive appearance of abnormalities in animal 
obesity syndromes, The duration (t) needed to 
lead insutinemia (IRI), glycemia (G), insulin re- 
ceptor number of target tissues (R), liver (L), ad- 
ipose tissue (AT), and muscle (M) to their final 
pathological state is quite variable. Hyperinsu- 
linemia is one of the earliest abnormalities de- 
tected, and probably plays a major role in pro- 
ducing most of the abnormalities depicted here. 
Muscle is the tissue which evolves most rapidly 
toward an insulin resistant state. Ultimately all 
metabolic pathways of glucose in muscle be- 
come less insulin-sensitive and responsive. 
Heavy arrows (except in 5) indicate pathways 
that are increased, dotted ones pathways that 
are decreased when compared to normal con- 
trois. G = Glucose; FA = Fatty acids; KB = Ke- 
tone bodies; TG = Triglycerides; VLDL = very 
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real body weight. One example of this is given in Fig- 
ure 6: as can be obsermd, the ability of the liver to clear 
insulin was decreased in genetically obese (ob/ob) mice 
and rats (fa/fa) compared to that of lean controls [17, 
18]. This indicated that oversecretion of insulin made 
hyperinsulinemia worse as it partly prevented normal 
degradation of the hormone. 

By 1976 there were debates about the cause, or at 
least about the cause-effect relationships, of the various 
defects observed in obesity syndromes. Some thought 
that hyperinsulinemia was important; others were pro- 
posing that it was not important - they often measured 
basal, and not substrate-induced insulin output. Others 
suggested that insulin resistance was a primary event 
that would produce (via increasing blood sugar) insulin 
oversecretion [19]. As summarized above we could not 
think that insulin resistance was an early event in our 
animal models, in view of the observed overstimulation 
of metabolic pathways. In an attempt to clarify the se- 
quence of events occurring in obesity, we carried out 
longitudinal studies summarized in Figure 7-10 [13]. We 
first used hypothalamic obesity (gold-thio-glucose, 
(GTG)-treated mice) to observe: (a) that down-regula- 
tion of insulin receptor numbers took time to occur, and 
was seen only when insulinemia was increasing to rath- 
er high basal values (Fig. 7); (b) that target tissues (tak- 
ing the particular example of adipose tissue) were, in 
the initial phase of the syndrome, over-responsive to in- 
sulin (Fig. 8 a) and became insulin-resistant only at a lat- 
er stage (Fig. 8 b). This evolution was again observed in 
both genetic as well as in hypothalamic obesities [13, 
20]. Such initial overstimulation and subsequent insulin 
resistance was later shown (in VMH-lesioned rats stud- 
ied by euglycemic clamps) to prevail not only in liver 
and adipose tissue, but in the muscle mass as well [21]; 
(c) we also observed that muscle insulin resistance was 
well correlated with the degree of hyperinsulinemia pre- 
vailing at the time of the experiment, i.e. at the time 
when the (soleus) muscle was removed and incubated. 
This is shown in Figure 9 and suggests that hyperinsu- 
linemia could well be a driving force not only for the oc- 
curence of obesity but for that of insulin resistance [13]. 
Of note is the fact that some pathways do not become 
insulin resistant. Thus, as illustrated by Figure10, 
VLDL output (as well as lipid synthesis, not shown) by 
perfused livers of hypothalamic obese mice always re- 
mains higher than normal. This observation holds true 
for most animal models of obesity as does the finding 
that adipose tissue lipoprotein lipase activity usually re- 
mains high in obese rodents [22]. Thus, despite the oc- 
currence of insulin resistance, some pathways (usually 
involved in fat deposition) remain overactive, thereby 
maintaining the state of obesity. An explanation has re- 
cently been proposed for the lack of insulin resistance 
in liver lipogenesis: under basal conditions the hepato- 
cytes of genetically obese (fa/fa) rats are characterized 
by increases in fructose 2,6-bisphosphate and glycerol 
3-phosphate concentrations as well as in pyruvate 
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kinase activity. This would suggest a continuous stimu- 
lation of glycolysis, with channeling of glucose-carbon 
into lipids [22, 23, 24]. In fact in appears from our recent 
work thatfedlean rats infused with insulin, as studied in 
vivo by a euglycemic clamp, may have similar stimu- 
lation of glycolysis and of lipogenesis as fed obese ani- 
mals chronically exposed to their high basal insulin- 
emia [22; 23, 25]. 

Our results have shown that muscles of obese ro- 
dents become insulin-resistant, a resistance character- 
ized by decreased insulin receptor number, decreased 
insulin sensitivity and decreased responsiveness of 
pathways of glucose metabolism [26-29]. It is of interest 
to note that the severity of muscle insulin resistance in- 
creases with the duration of the syndrome, as summa- 
rized by Figure 11. In this work muscles of normal and 
genetically obese (fa/fa) rats were studied using a tech- 
nique of incubating strips of soleus muscles with their 
tendons. This method allows the preparation of four 
muscle strips from the same animal and avoids the 
problem of substrate diffusion [30]. Figure11 (upper 
panel) shows that, at the beginning of the obesity syn- 
drome (when hyperinsulinemia is still relatively moder- 
ate), glycolysis in muscles from obese animals is less in- 
sulin-sensitive than controls, an abnormality that is the 
consequence of decreased insulin receptor numbers. 
Later on (Fig. 11, lower panel) the muscles of the obese 
rats become not only less insulin-sensitive but also less 
insulin-responsive (poor response to insulin even at su- 
pramaximal concentrations). The latter abnormality can 
be accounted for only by post-insulin binding alter- 
ations. It was subsequently shown [28-30] that those 
post-insulin binding defects of muscles from obese ro- 
dents include a decrease in glucose transport per se [29] 
and an increase in the utilization of endogenous lipids 
which, by increasing intracellular citrate concentra- 
tions, inhibits the glycolytic pathway at the phospho- 
fructokinase level [30]. Increased endogenous fat utili- 
zation could be secondary to the lack of availability of 
energy from glucose-carbon. The latter defect could be 
due to an altered glucose transport system. We de- 
scribed several years ago and, as depicted by Figure 12, 
that glucose transport was inhibited by cytochalasin B 
[31]. This field remained dormant until two independent 
groups [32, 33], one of them using cytochalasin B as a 
marker of the glucose transport system [32], demon- 
strated in adipose tissue, that insulin rapidly, specifical- 
ly and reversibly produced a translocation of glucose 
transporters from an intracellular membrane pool to the 
plasma membrane. We have adapted this technique to 
other tissues, in particular to muscle [34, 35]. As illustrat- 
ed in Figure l3 we have confirmed that in muscle 
(diaphragm) a similar system of translocation of glucose 
transporters prevails and that, when exposed to insulin, 
the number of glucose transporters at the plasma mem- 
brane increases while that of the microsomal pool de- 
creases, the total number of glucose transporters re- 
maining unchanged [34]. Work is now being carried out 

[ INSULIN J 

I00 1 

t 6O 

'~ t 
20 

0 

J GLUCAGON J 
150- 

C 
100- 

~ 50- 

0 
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to attempt to determine whether and how the system of 
the glucose transport units is abnormal in muscles as 
well as in brown adipose tissue of obese rodents 
(D. Zaninetti and R. M. Greco, unpublished data). 

The simplest way to summarize our views about the 
evolution of the obesity syndrome is to consider Figure 
14 [36]. The studies summarized by this figure have been 
and still are being extended by the use of two tech- 
niques which we have set up for small rodents: (a) the 
eu- and hyperglycemic clamp techniques that enable us 
to study hepatic glucose production and overall glucose 
metabolism in vivo under steady-state conditions [37]; 
and (b) the use of non-steady-state kinetics (double trac- 
er technique) to measure hepatic glucose production 
and-overall glucose metabolism in conscious, freely 
moving rats, during the spontaneous ingestion of a glu- 
cose-meal [38]. For example, and as can be seen from 
Figure 15, the euglycemic clamp technique enabled us 
for the first time to detect an in vivo defect in glucose 
production by the livers of genetically obese (fa/fa) rats 
in which the high basal or induced increases in plasma 
insulin levels are unable to shut off hepatic glucose pro- 
duction [37]. Full dose responses of insulin (using the 
euglycemic clamps) allowed us recently to demonstrate 
severe in vivo insulin resistance of peripheral glucose 
utilization (mostly muscle mass) in the fa/ fa rats [39]. 
Similarly, using the same technique, we have shown that 

the process of hepatic glucose production in the 
fa/fa obese rats can be shut off only when insulin is 
used at the pharmacological concentrations of about 
20,000mU/1 [39]. Here again using the clamp tech- 
niques, analogous data have been observed in VMH-le- 
sioned obese rodents [21]. The underlying mechanisms 
of this defect in hepatic glucose production are as yet 
unclear. For instance, it could be a combination of in- 
trinsic hepatic abnormalities such as the inability of 
obese rodents to inhibit phosphorylase a due to its sus- 
tained activation via high cytosolic Ca ++ that would 
stimulate phosphorylase kinase [22, 40, 41], as well as to 
the presence of catabolic hormones (glucagon, gluco- 
corticoids) that would be insufficiently counteracted by 
insulin in vivo [21, 22, 39]. Recently it has been shown 
(using non-steady-state kinetics) that conscious, freely- 
moving, genetically obese (fa/fa) rats are unable, during 
the spontaneous ingestion of a glucose-meal, to inhibit 
hepatic glucose production and that this abnormality is 
the likely explanation for their abnormal oral glucose 

to le rance  described below (F.Rohner-Jeanrenaud, 
J. Proietto and E. Ionescu, unpublished data.). 

As mentioned above, we place great emphasis upon 
oversecretion of insulin as we think that in both VMH- 
lesioned and genetically obese (fa/fa) rats, it may be 
one of the main aetiological factors that appears to re- 
late to a series of CNS disorders. When surveying the 
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literature and our own data, it is rather evident that hy- 
persecretion of insulin is responsible for initially induc- 
ing obesity and that, provided hyperinsulinemia is pre- 
sent, hyperphagia is not necessary but acts only as an 
amplification factor [19, 22]. We were of course aware of 
the many data showing that lesions of the hypothala- 
mus resuked in high plasma insulin levels [19, 22]. The 
question we posed was how rapidly the increased insu- 
lin output would occur after VMH lesions. The data are 
summarized in Figure16. One can see that, within 
10 min following lesions of the VMH area of normal 
anaesthetized rats, substrate (glucose)-induced insulin 
output is increased [42, 43]. This change is mediated via 
the vagus nerve as it can be completely and rapidly re- 
versed by a superimposed vagotomy [43]. Thus, as de- 
scribed in details elsewhere [44], we propose that acute 
VMH lesions produce rapid disturbances of the CNS 
homeostasis that result, via unknown mechanisms, in a 
stimulation of the motor neurons of the vagus in the 
brain stem, producing increased efferent parasympath- 
etic activity. These motor neurons linked to the endoc- 
rine pancreas have been shown to lie within the mid 
part of  the dorsal motor nucleus of the vagus nerve 
(DMX) and in the nucleus ambiguus (NA) [45-47]. The 
alteration of efferent parasympathetic pathways follow- 
ing VMH lesions is all the more striking since, in normal 
rats, the efferent vagus that reaches the pancreas is un- 
der a powerful tonic GABA inhibitory action, probably 
to prevent hypoglycemia [48]. The parasympathetic ori- 
gin of the disturbance produced by VMH lesions is fur- 
ther substantiated by the observation that not only insu- 
lin but also glucagon secretion is augmented following 
VMH lesions, an atropine-inhibitible defect (Fig.17) 
[49-51]. The increased insulin output following VMH 
lesions occurs rapidly enough to make it a likely candi- 
date as the cause of subsequent stimulation of lipogenic 
pathways. Furthermore the accompanying increase in 
glucagon output is one of the reason why, even prior to 
the development of insulin resistance, VMH-lesioned 
rats are never hypoglycaemic. 

Thus obesity may be viewed as a neuroendocrine 
disorder. This concept has been strengthened by recent 
data bearing on the study not of parasympathetic but of 
the sympathetic outflow. In this work, normal rats were 
anaesthetized and placed on a stereotaxic frame. The 
spontaneous activity of a purely sympathetic nerve was 
studied by electrophysiological means and, for conve- 
nience, the sympathetic nerve reaching the interscapu- 
lar brown fat was selected. The nerve was cut and the 
electrode placed on the proximal end of the cut nerve, 
thereby enabling a recording of only efferent nerve ac- 
tivity [52]. As can be seen by Figure 18, electrolytic le- 
sions of the VMH area resulted in a marked and rapid 
(within 30m in) decrease in the efferent sympathetic 
outflow. This certainly has influence on the occurrence 
and maintenance of obesity by preventing heat dissipa- 
tion mechanism(s). Indeed it was shown, in collabora- 
tion with the Department of Physiology of Geneva, that 

brown adipose tissue of both genetically and VMH- 
lesioned obese rodents lost their ability to oxidize fat in 
response to the electrical stimulation of their sympa- 
thetic nerves or to other stimuli [53-56]. Decreased sym- 
pathetic outflow could also play a role (if it were also to 
exist at the level of the endocrine pancreas) in reinforc- 
ing hyperinsulinemia as it would remove the usual in- 
hibitory effect of the sympathetic system on the B cell. 

The potential physiopathological relevance of 
studying VMH-lesioned rats would be little if the 
changes observed were restricted to a syndrome that is 
artificially produced. This is however not the case; simi- 
lar changes appear to occur in the genetically obese OCa/ 
fa) rats. Small pups that will grow subsequently to be- 
come normal or obese rats have been studied recently 
with regard to the secretory activity of their endocrine 
pancreas. Unweaned (17-day-old) pups have been thus 
investigated prior to the occurrence of obesity, at a time 
when they are indistinguishable from each other, have 
the same body weight and normal basal insulinemia. 
After testing with an IV challenge with glucose or argi- 
nine all pups are placed back with their mother, subse- 
quently weaned and kept until some of them (25%, as 
we deal with a recessive gene) become obese. The obese 
rats are retrospectively referred to as pre-obese [57, 58]. 
Figure 19 shows that genetically pre-obese pups do 
oversecrete insulin in response to glucose (or arginine) 
compared to the pups that remain lean. Moreover, the 
insulin oversecretion of the pre-obese animals is, when 
arginine is used as substrate, accompanied by glucagon 
oversecretion. This double hormonal secretory defect is 
mediated by the efferent vagus as it can be inhibited by 
acute atropine adiminstration [57, 58]. Thus one can hy- 
pothetize that, in the genetically pre-obese OCa/fa), a 
pathological situation analogous to that produced by 
acute VMH lesions prevails. Firstly insulin oversecre- 
tion is an early abnormality, that can therefore be causal 
in the aetiology of obesity. Secondly insulin and gluca- 
gon hypersecretion is an abnormality that is related to 
CNS-borne increase in the efferent vagus tone reaching 
the pancreas. One should stress that other investigators 
have found that noradrenaline turnover, at the level of 
the pancreas and of brown adipose tissue, is decreased 
in genetically obese rats [22]. Moreover the ability to dis- 
sipate energy as heat (a sympathetic nerve mediated 
process in normal animals) is decreased early in the 
evolution of the syndrome, i.e. in genetically pre-obese 
pups [22]. 

These data are in keeping with the view that, in ge- 
netically obese rodents, increased parasympathetic ef- 
ferent activity is accompanied by decreased sympathet- 
ic activity. This view is schematized in Figure 20 and is 
justified in more detail elsewhere [22, 44]. We consider 
that at least some types of spontaneous obesities could 
be the result of a neuro-endocrine pathology with the 
metabolic consequences indicated in the figure. If such 
a mechanism underlies some types of human obesity, it 
should explain why treatment is usually unsuccessful 
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Fig. 21. Changes in plasma insulin (sol- 
id bars) from baseline values after injec- 
tion to normal anaesthetized rats of par- 
tially purified (Sephadex G 50 chroma- 
tography) fractions of normal rat ven- 
trolateral hypothalamic (VLH) extracts. 
Absorbance ( O - - O )  of tile column at 
280 nm. The elution positions of la- 
belled insulin, labelled glucagon and la- 
belled somatostatin (SRIF) used as mo- 
lecular weight marker are indicated. 
Note that analogous data are obtained 
with ventromedial hypothalamic extract 
[68] 
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Fig.22. Effects of infusions of cortical extract (controls, O ..... O) or 
ventrolateral hypothalamic (VLH, 0------0) extracts on insulin secre- 
tion by isolated perfused pancreases of normal rats. The VLH extract 
refers to the active ones on insulin output in vivo, i.e. those corre- 
sponding to the second peak of Figure2t. Means of 3-5 experi- 
ments + SEM [69] 

since it is, most of the time, symptomatic in its nature. 
As long as CNS disorders (with their metabolic conse- 
quences) are not therapeutically altered, body weight is 
bound to return to a "higher set point" [59, 60]. 

As can be seen from Figure 20, there are many neu- 
ral afferences originating from the periphery to reach 
the brain, CNS integration of these afferent informa- 
tions with resulting neural efferences that influence pe- 
ripheral organs [44, 61-64]. Several of these processes 
could be altered in obesity syndromes and we attempt 
studying them at the moment. We have shown for ex- 
ample that, when an oral glucose tolerance test is per- 
formed in conscious, freely moving genetically obese 
(fa/fa) rats, such tolerance is abnormal while it is not 
when the same glucose load is given intravenously [65]. 
This could be due in part to abnormal neural afferent 
input (from the oropharynx or the gut) with defective or 
non-operative cephalic phase insulin output or other 
defective reflex mechanisms [66]. These defects could 
result in inappropriate timing and/or  dynamics of 

meal-induced insulin output that, from the data of oth- 
ers [67], appears to have a strong influence on normal 
disposal of glucose. This or other defects in the integra- 
tion of afferent information within the CNS would also 
result in the inability of ingested glucose and released 
insulin to shut off hepatic glucose production and/or  to 
clear ingested glucose adequately, as has been recently 
suggested by this laboratory (J. Proietto, E. Ionescu and 
F. Rohner-Jeanrenaud, unpublished data). 

Figure 20 also mentions the presence of several pep- 
tides. Some of them increase plasma glucose levels; oth- 
ers stimulate insulin secretion [22]. The physio- and 
pathological roles of these peptides are as yet unknown. 
We have made great efforts to study a hypothalamic 
peptide that possesses in vivo and in vitro insulin secre- 
tion promoting activity, as illustrated by Figure 21 and 
22 [68, 69]. Thus (Fig. 21) partially purified hypothalam- 
ic extracts (G-50 Sephadex chromatography) from nor- 
mal rats produce, when injected in vivo to normal 
anaesthetized recipient rats, rapid and transient rises in 
plasma insulin levels. The factor(s) responsible for this 
effect is of small molecular weight. Catecholamines, 
acetylcholine and enkephalins can be excluded as 
causes of the effect observed. The finding that exposure 
of those partially purified extracts from ventrolateral 
hypothalamus (VLH) to trypsin or collagenase marked- 
ly decrease their in vivo insulin secretion promoting ac- 
tivity suggest that this active component(s) is of poly- 
pepfidic nature and is also thermostable [68]. Further- 
more, as can be seen in Figure 22, when the active frac- 
tions of the partially purified hypothalamic extract (cf. 
Fig.21) are pooled and infused into normal perfused 
pancreases, a pronounced stimulatory effect on insulin 
secretion is observed at a low glucose concentration in 
the medium, indicating that the peptidic factor(s) is not 
an incretin [69]. This small peptide (about 1000 Daltons) 
appears to be present both in the hypothalamus and the 
plasma of normal rats and is currently being purified by 
HPLC; its amino-acid analysis is close to completion 
(E. Bobbioni, W. Schlegel and D.Ashley, unpublished 
data). It is hoped that we shall soon be able to deter- 
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mine its amino acid sequence. Once the peptide is fully 
characterized, we shall raise an antibody against to set 
up a radio-immunoassay. This will allow us to deter- 
mine its physiology and pathology: it is conceivable 
that such a study may re-inforce our overall concept 
(shown by Fig.20) that obesity, possibly insulin resis- 
tance and the evolution toward Type 2 diabetes may 
both have a neurological basis. 
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