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Summary. IGF I and IGF II are two insulin-like growth fac- 
tors resembling insulin in many respects. They stern from a 
common precursor, act through receptors similar to the insu- 
lin receptor with which they cross-react. When administered 
in large amounts they produce hypoglycemia. Their major ef- 
fects, however, are on replication and differentiation of cells 
of mesodermal origin. IGF I is the major growth promoting 
factor in vivo. The synthesis and secretion of IGF I by the liver 

depend on the growth hormone status, insulin and nutrition. 
In contrast to insulin, the IGFs circulate in blood bound to the 
carrier proteins. Their half-life in man is in the order of 16 h. 
IGF I deficiency results in dwarfism (pygmy, Laron dwarf, toy 
poodle) despite normal or elevated growth hormone secre- 
tion. The anabolic actions of insulin and of the IGFs appear 
to complement each other as shown in Figure 7. 

Insulin was discovered in 1921 [1] and its structure elu- 
cidated in 1955 [2]. At about  the same time, Salmon and 
D a u g h a d a y  [3] made  their first observat ion of  an activi- 
ty of  serum that  stimulates sulphate incorporat ion into 
cartilage. The structures of  the two major  insulin-like 
growth factors ( IGF)  I and  II,  which are responsible for 
this sulphafion activity, were elucidated in 1978 [4, 5]. At 
present,  compar ison  between insulin and  insulin-like 
growth factors can be only tentative and incomplete  
since a great deal more  is known about  insulin than  its 
relatives, the insulin-like growth factors. There are, 
however,  many  striking analogies as well as astounding 
differences between these two hormones,  some of  
which will be discussed in detail. 

The relationship between the somatomedins  (SM) 
and insulin-like growth factors has been  clarified. 
I G F  I, SMC and S M A  are identical [6, 7]. I G F  I I  has no 
SM par tner  because it has not been  purified by  any of  
the groups using the SM nomenclature .  The rat homo-  
logue of  I G F  I I  is M S A  purif ied f rom condit ioned me- 
d ium of  Buffalo rat liver cells. 

Structure and evolutionary aspects 

The most  important  steps leading to the discovery of  
non-suppressible  insulin-like activity and thence to the 
identification of  1GF I and I I  have been reviewed re- 
cently [8]. Insulin, 1GF I and 1GF 11 are members  of  a 
family of  regulatory polypept ides  which are character- 
ized by  a high degree of  sequence homology  [9]. In addi- 
tion, the three polypept ides  have several biological ac- 
tivities in c o m m o n  and crossreact with each others '  re- 
ceptors [10, 11]. It has been  shown recently that I G F  I 

maps  to ch romosome  12 [12, 13] which is related to 
ch romosome  11 and which also carries the gene for the 
proto-oncogene c-KI-ras-2 [14, 15]. The genes for insu- 
lin and I G F  I I  are located on the short  a rm of  chromo- 
some 11 [12, 13] which also contains the gene for the 
proto-oncogene c-HA-ras-1 [16]. The amino acid se- 
quence and tertiary structure of  insulin on the one hand 
and  of  the IGFs,  on the other hand,  exhibit consider- 
able homology. The IGFs  consist o f  an A-domain  
which resembles the A-chain of  the insulin molecule 
and a B-domaine which is homologous  to the insulin B- 
chain (Fig. 1). These two domains  are connected by a C- 
domaine  which consists o f  12 amino acids in the case of  
I G F  I and of  8 amine, acids in the case of  I G F  I I  [4, 5]. 
In  contrast to insulin, in the secreted and circulating 
I G F  I and I G F  II,  the C-pept ide  is conserved and, in 
addition, the two hormones  have an elongation at the 

Fig.l. a Proposed receptor binding region and b antibody regions of 
insulin projected on the 3-dimensional model of IGF I. The antibody 
binding regions of insulin and of IGF do not appear to overlap at all. 
There are as yet no insulin antibodies crossreacting with IGF and vice 
versa. IGF antibodies recognize the C-loops and their extensions to- 
wards the A- and B-domains [7] 
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Table 1. Some differences between IGF I and IGF II 

IGF l IGF II 

Structure 
C- and D-domain 

Receptor affinity 
Type I 
Mammalian cells + + + + 
Chick embryo cells + + + + 

Receptor affinity 
Type II 
Mammalian cells + + 

Serum levels 200 ng/ml  

GH dependence + + + + 

Physiological Connective 
role tissue 

growth 

Major amino-acid sequence differences in the 

+ + +  
+ + + +  

Differentiation 

+ + + +  

600 ng/ml  

+(+) 

Repair 
mechanisms 

Other physio- Differentiation Additional 
logical effects of other cells ? role in CNS ? 

[58, 591 

+ + + + =strong;  + =weak;  CNS=cent ra l  nervous system 

Table 2. Major differences between IGF I and insulin 

Insulin IGF I 

Origin Islet B cells Liver (other cells 
in vitro) 

Structure 2 chains, C-peptide 1 chain, C-peptide 
cleaved off conserved 

Half-life 10 rain 16 h 

Daily production 2 mg 0.5-2 mg 
rate 

Binding protein None Two forms 

Plasma level 0.5-5 ng/ml  200 ng/mI 

Secretion Emeiocytosis, Constant slow release 
pulsatile secretion 

Receptor Insulin receptor IGF receptor 
(type 1, type 11) 

Physiological Rapid modulation of Slow initiation of 
functions fuel homeostasis and growth processes, 

enzyme synthesis cellular differentiation 

C-terminus of the A-chain consisting of 8 (IGF I) and 6 
(IFG II) amino acids. The homology between I G F I  
and IGF II on the one hand and insulin on the other, is 
of the order of 45% in the A- and B-region, whereas 
there is no resemblance between these two groups of 
hormones in the C-peptide region [7]. From the point of 
view of evolution, IGFs and insulin stem from a com- 
mon precursor molecule which was encoded for by a 
gene that underwent duplication about 600million 
years ago. The subsequent gene duplication which led 
to diversion into IGF I and I G F I I  may have taken 
place about 300 million years ago, i.e. when mammals 
appeared on earth. In this context it is of interest that 
the sera of all mammals so far tested exhibit IGF I- and 
IGFII-like activity in radioimmuno- and/or  radiore- 
ceptor assays for the human peptides. Whereas the 
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Fig. 2. a Secretion and h synthesis of IGF by isolated normal rat livers 
(n =3)  during recirculating perfusion. Rat IGF release was deter- 
mined by two assays using the serum binding protein and lipogenesis 
in isolated fat cells labelled with U:4C-glucose. The secreted IGF was 
immunoprecipitated with IGF I-antibodies and 35S-cysteine incorpo- 
rated in the precipitate was counted. Synthesis and secretion of IGF 
are linear and parallel processes and the specific radioactivity of the 
IGF molecule forms a plateau after only 60 min of recirculati0n [24] 

IGF I molecule of most species tested crossreacts with 
antibodies raised against human IGF I, the same does 
not hold true for IGF II. Polyclonal antibodies against 
IGF I and IGF 11 mainly appear to recognize the C-re- 
gion and its close environment in the respective mole- 
cule. It appears, therefore, that the C-peptide region 
was well conserved in the case of IGF I and lesser so in 
the case of IGF II. Bovine IGF is identical to human 
IGF (Professor Humbel, personal communication). 
There appear to exist two slightly different genes encod- 
ing for IGFI I  [17]; Professor Humbel, personal com- 
munication]. Whether each chromosome contains two 
different IGF II genes or whether each individual has 
one out of two possible genes encoding for two slightly 
different IGF II molecules is not known. However, it is 
possible to determine IGF II with a receptor assay using 
plasma membranes of rat liver cells which recognize 
IGF 11 almost exclusively and which crossreact with the 
respective IGFII-like molecules of many species [18, 
19; I. Zangger, unpublished observations]. 
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Table 3. Compara t ive  biological po tency  o f  I G F  I and  insulin 

Concent ra t ion  range Potency ratio 

(ng /ml )  I G F / I n s u l i n  

I G F  Insul in 

Effects on D N A  
synthesis  a n d / o r  
replication a n d / o r  
differentiation o f  cells in 
culture 

Fibroblasts 
chick embryo 0.25- 25 25-2500 100 
H u m a n  1 - 100 30-3000 30 

Clavaria cells 
Rat  5 - 200 200-5000 25-50 

Cartilage 
Chick embryo 5 200 500 5000 25-100 
Rat  costal 0.5 - 50 10-1000 20 

Myoblas ts  
Chick embryo 5 - 200 5-  200(?) 1-2  

Liver cells 
Chick embryo 1 - 100 1 - 100 1 

Erythroid pre- 
cursor  cells 

Mouse  5 - 500 no effect - 

Insulin-like effects 
(glucose uptake,  
glycogen formation,  
inhibit ion o f  lipolysis, 
etc.) 

Fibroblasts 
Chick embryo 0.25- 25 25 -2500 100 

Calvaria cells 
rat 5-  200 200 -5000 25-50 

Heart  muscle  
Rat  4 -  400 1 - 100 1 /4  

Striated muscle  
Mouse  50-1000 5 - 100 1 / 1 0 - 1 / 2 0  

Adipocytes  
Rat  10- 200 0.2- 2 1 / 5 0 - 1 / 1 0 0  

Liver cells 
Chick  embryo 1- 100 0.1- 10 1 / t 0 - 1 / 1 0 0  

These data  ranges  s tem from [10, 11, 19, 32, 38, 39, 40, 41, 43, 44, 45, 
46]. They  mus t  be considered as approximate  ranges rather than  accu- 
rate "true" figures. One  mus t  also keep in m i n d  that  cul tured cells are 
of ten more  sensitive to ho rmones  than  freshly r e m o v e d  tissues con- 
taining the  same cells and  that  the  incubat ion and  culture condit ions 
considerably inf luence the  sensitivity to hormones .  Species differ- 
ences mus t  also be taken into account .  Chick cells are particularly 
sensitive to I G F  

Plasma membrane receptors 

Two entirely different plasma membrane receptors of 
the IGFs have been identified. The major receptor 
which has been termed type I receptor resembles the in- 
sulin receptor in every respect [20]. The type I IGF re- 
ceptor contains a monomer subunit of 130k daltons 
which is linked by disulphide bonds to another identi- 
cal subunit [18] and to other membrane proteins to form 
complexes of a molecular weight of 300 k daltons. The 
type lI IGF receptor contains a 260 k dalton protein un- 
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der reducing conditions which has a lower apparent 
molecular weight before reduction (220 k) suggesting 
that it contains intramolecular disulphide bonds and is 
not linked by disulfide bridges to other membrane pro- 
teins [20]. The type I receptor has a two to fivefold great- 
er affinity for IGF I than for IGF II in most mammalian 
cells and the same affinity for both IGFs in chick cells. 
Insulin is recognized by the type I but not by the type II 
receptor. The type II IGF receptor which may be a non- 
functional receptor, prefers IGF II and MSA over IGF I 
and there is no cross-reaction with insulin [20]. The 
type I IGF receptor is a tyrosine kinase and phospho- 
rylates itself after binding IGF [21]. The function of the 
type II receptor is as yet unknown. 

The similarity between the insulin receptor and the 
type I IGF receptor suggests that with diversion of the 
precursor molecule of insulin and the IGFs there was a 
concomitant duplication of the genes responsible for 
the synthesis of their receptors. 

Synthesis and processing of IGF in comparison with 
insulin 

The synthesis of insulin in the B cell is a complex and 
highly specialized process [22, 23]. Pre-proinsulin is pro- 
cessed to proinsulin and the C-peptide is subsequently 
cleaved off by a highly specialized enzyme system. 
Both, insulin and C-peptide are packaged in granules 
from where they are secreted into the interstitial space 
and thence into the blood by an active secretory mecha- 
nism, i.e. emeiocytosis, also called exocytosis. The en- 
zymatic equipment of the B cell is highly specialized so 
that insulin biosynthesis and secretion cannot occur in 
any other cells. This is also reflected in the fact that 
there are no observations of extrapancreatic tumours 
with paraneoblastic hyperinsulinism. 

Much less is known about the synthesis and secre- 
tion of insulin-like growth factors. MSA, the rat homo- 
logue of human IGF II, is secreted by strains of Buffalo 
rat liver cells where the process of synthesis and secre- 
tion can be studied. In the intact perfused liver, synthe- 
sis and secretion of rat IGF was studied by Schwander 
et al. [24] in comparison with that of albumin. Similar 
data were published by Mayer and Schalch [25]. It was 
found that the secretion of IGF is a continuous process 
and that incorporation of 35S-cysteine into the secreted 
hormone reaches a steady state within 1 h after addition 
of the labelled amino-acid (Fig. 2). In all these respects, 
the secretory process of IGF closely resembles that of 
albumin. Although the existence of prepro- and a pro- 
IGF has been proven [13, 14], it appears that the pro- 
cessing of these molecules is much less complex than 
that of insulin. The explanations for this difference are 
numerous. One of the major reasons may be that the C- 
peptide in the IGF molecule is conserved rather than 
being cut out as is the case for the proinsulin to insulin 
conversion. 

There appears to exist another important conse- 
quence of the relatively simple manner of processing 
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Fig. 3. IGF I and IGF II were injected intravenously into hy- 
pophysectomised rats in doses of 20 ~tg together with anti-in- 
sulin serum (neutralizing capacity 100 mU) and 1 ttCi of U- 
l~C-glucose. The rats were killed after 15 ( ~ ) ,  30 ([~) and 60 
([~) rain (n = 2) and blood glucose and 14C in serum and in 
glycogen of the diaphragm were determined. The IGFs led to 
a rapid fall of the blood glucose despite blocking the effects of 
insulin with anti-insulin serum. The injected U-14C-glucose 
disappeared rapidly from the serum under the influence of the 
IGFs and appeared in the glycogen of the diaphragm. The lat- 
ter parameter is stimulated to a much greater extent than lip- 
ogenesis in adipose tissue by IGFs [32] 

the IGF precursor molecule. There is not much doubt 
that IGF I is a hormone that obeys the laws of classical 
endocrinology. The major but not the only site of pro- 
duction is the liver. However, conditioned medium of  a 
variety of cells in culture appears to contain IGF which 
presumably was secreted by the same cells [26-28]. Be- 
sides being a classical hormone, IGF may also have 
paracrine and /or  autocrine activity. Insulin may also 
have paracrine functions, however, sharply restricted to 
endocrine pancreatic cells. 

IGF binding proteins 

Another important difference between IGF and insulin 
is that there exist specific carrier proteins of IGF in se- 
rum whereas no binding to any serum protein is known 
in the case of insulin [29-311. When the gene duplica- 
tion occurred and the functions of insulin and IGFs 
separated, nature had to invent a mechanism whereby 
the insulin-like effects of IGF could be tempered; this 
was achieved by the synthesis of binding proteins which 
originate (but not exclusively so) from the liver and bind 
IGF in such a way that the hormone no longer binds to 
the insulin receptor and to its own receptor [32]. IGF 
circulates in blood bound to two cartier proteins, one 
with a molecular weight of around 50000-60000 and a 
second, more important one, with a molecular weight of 
200000 [33]. These binding proteins are highly specific 
and only IGFs compete for binding. When cartilage is 
incubated in serum, IGF affects the tissue in proportion 

to its total concentration in serum [34]; this is to be ex- 
pected if the carrier IGF complex dissociates so that 
free IGF can cross-react with its receptors. Whether ad- 
ditional factors and mechanisms within the tissue help 
to dissociate the IGF carrier complex is unknown at the 
present time. 

Since both, IGF and the binding proteins are syn- 
thesized and secreted by the liver [24], the prepro-IGF 
could be identical or similar to IGF bound to some 
form of the carrier protein. There are several reasons to 
believe that this is not the case. First of all, the liver of 
hypophysectomized rats secretes close to normal 
amounts of binding protein, but almost no IGF [24]. 
This finding, may also be explained by a different pro- 
cessing of the IGF carrier precursor molecule by the liv- 
er of normal and hypophysectomized rats, but such an 
explanation appears rather unlikely. Secondly, if the 
proteins were bound to IGF in a covalent manner, as 
would be expected if the two peptides were synthesized 
together, a cleavage would have to occur followed by a 
subsequent re-association in a non-covalent bonding. 
This complex model appears rather unlikely. 

The fact that IGF circulates in serum bound to a 
binding protein has many consequences. Firstly, IGF 
has an extremely long half-life of 4 h in the rat and 16 h 
in man [35; H. R Guler, unpublished observations]. Sec- 
ondly, there exist no diurnal variations, no peaks, no 
troughs of the IGF serum concentration. Thirdly, IGF 
in very small amounts in the dissociated form reaches 
tissues and cells at all times. In all these respects insulin 
behaves very differently. 



E. 1L Froesch and J. Zapf: Insulin-like growth factors and insulin 489 

Fig.4a and b. Cells from the body walls of 10-day-old chicken embryos were plated in MEM-Eagle medium at a density of 1.4 x 106 cells per dish 
(Falcon, 35 mm diameter). Human serum albumin was present (65 mg/1). Phase contra~t photomicrographs (magnification: 500 • ) show these 
cells after 3 days of culture; a without any additions, b with addition of IGF I (100 ng/ml). Myotubes are very prominent in the latter [431 
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Fig.5. Comparison of growth effects 
in hypophysectomised rats of infused 
IGF 1 ( � 9  or IGF 1I ( � 9  with those of 
endogenous rat IGF induced by HGH 
administration ( � 9  A = saline. 
Hormones were infused during 6 days 
at the following rates: IGF I: 
43 p.g/day, 103 p.g/day; IGF II 
131 Ixg/day; GH 0, 12.5, 25, 200, 
400 mU/day. Each point represents 
the mean _+ SD of values obtained 
from four rats. Total IGF values were 
obtained by the protein binding assay 
from a serum pool of each group and 
are expressed as lxU equivalents of the 
human IGF standard [50] 

Table 4. Relationship between IGF I, insulin and diabetes mellitus 

Insulin deficiency-+IGF I 

IGF I~ (acromegaly) 

IGFI~ 

ICFI~ 

IGFI T 

(diabetes, fasting, men, 
dog, rat) 

High insulin levels 
High insulin response 

(pituitary dwarf, pigmy, --+ Low insulin levels 
Laron dwarf) Low insulin response 

In some diabetic patients with iaccelerated proliferative 
diabetic retinopathy 

In acromegalics with diabetes mellitus, no increase in 
incidence and severity of retinopathy 

There are many physiological ties between insulin and IGF I. Insulin 
deficiency is concomitant with considerably decreased IGF I levels 
which are restored towards normal by adequate insulin substitution. 
Low IGF I levels in the presence of low human growth hormone 
(HGH), (pituitary dwarfs) or normal or high HGH levels (pigmies, 
Laron dwarfs) occur with a "high insulin response". It remains to be 
established whether the effects on insulin secretion are mediated by 
IGF I or whether HGH itself is responsible. Normal and/or high 
HGH levels in pigmies and Laron dwarfs favour a role of IGF. The 
causal relationship between rapidly progressing proliferative diabetic 
retinopathy is not clear (from [34, 35, 47, 48, 51, 53, 54, 55]) 

Biological effects of  the IGFs in comparison with those of  
insulin 

Although the conventional and classical bioassay for 
IGFs  making use o f  rat epididymal fat pads or rat fat 
cells is still valuable and in use [36], this tissue is by no 
means a major  target organ of  IGFs.  The IGFs  given in- 
traperitoneally or intrevenously preferentially stimulate 
the metabolism of  striated muscle [36, 37] and heart 
muscle [38]; this was shown many  years ago for striated 
muscle in vivo, for the heart in vitro [38] and later by  
Poggi et al. for striated muscles in vitro [39]. Results of  
an intravenous bolus injection of  I G F  I and I G F  I I  into 
hypophysectomized rats are shown in Figure 3. Both 
factors induce a fall o f  the b lood  sugar and a stimu- 
lation of  glucose incorporat ion into glycogen of  the di- 
aphragm. However, the major  effects of  IGFs  are on 

growth of  cells of  mesodermal origin [40] and on their 
differentiation [41]. It has been demonstrated that chon- 
drocytes in culture [42; U. Vetter personal communica-  
tion], calvaria cells in culture [44], premyoblasts in cul- 
ture [43] and also erythroid precursor cells [45], not  only 
replicate under  the influence of  IGFs,  but that I G F  
maintains them in a highly differentiated state (Fig. 4 a, 
b). These effects are shared by insulin. However, insulin 
is about 50-100 times less potent  than I G F  in most sys- 
tems. The constant high levels o f  I G F  in the bound  form 
in serum may, therefore, serve several functions: re- 
placement of  dying cells, repair mechanisms, matrix 
synthesis and perhaps also a constant stabilization of  
cells keeping them from transforming and dedifferen- 
tiating. This latter postulated function is entirely specu- 
lative and needs to be investigated experimentally. 

Are there disorders due to an IGF excess and IGF 
deficiency? 

The postulate of  Salmon and Daughaday  formulated in 
1957 [3] that the effects o f  growth hormone  are mediat- 
ed by the so-called sulphation factors, later called so- 
matomedins,  has been proven to be correct. Growth 
hormone  deficiency exists with very low levels of  I G F  I, 
growth hormone  excess with high levels o f  I G F  I [46]. 
Under  normal  circumstances, I G F  I levels are regulated 
mostly by growth hormone.  However, this is not true 
under  disease conditions, e.g. malnutrition which leads 
to I G F  I deficiency, despite the fact that concomitant  
growth hormone  levels may be high. This is also not 
true for diabetes in rats and dogs [47]. I G F  I levels drop 
rapidly to low levels when animals are entirely insulin- 
deficient and they can be restored towards normal  by 
insulin replacement therapy [47]. Under  all these cir- 
cumstances I G F  I levels do not reflect the growth hor- 
mone  status but rather nutrition and the degree of  
metabolic control by insulin [48]. How these different 
factors interact to lead to the synthesis and secretion of  
I G F  I by the liver is not  known. 
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It has been definitively shown that IGF I is capable 
of stimulating the growth of hypophysectomized rats in 
the complete absence of growth hormone and without 
replacement therapy of other hormones such as cortisol, 
T3 or sex hormones. Osmotic Alza pumps filled with 
IGF I were implanted subcutaneously into hypophysec- 
tomized rats. The rats promptly started to regain weight, 
the epiphyseal tibial width increased and so did the 
metabolic activity of cartilage (Fig. 5) [49, 50]. The ef- 
fects obtained with IGF I could not be distinguished 
from those obtained with growth hormone in the infu- 
sion pumps. These investigations prove that IGF I is the 
most important mediator by which growth hormone, 
nutrition and insulin stimulate growth processes. In the 
hypophysectomized rat, insulin does not stimulate 
growth because IGF I is absent. In the diabetic animal, 
on the other hand insulin does stimulate growth be- 
cause the IGF I levels are normalized. We have shown 
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Fig. 6. Mean (___ SEM) plasma concentrations of insulin-like growth 
factor I (IGF I) in I0 standard, 10 miniature and 10toy poodles and 
approximate relative body size of each subgroup. Differences were 
evaluated from significance by employing the Students's t-test [54] 

in preliminary experiments that the substitution of 
IGF I to diabetic rats tends to normalize metabolism 
and growth (E. Muralt, unpublished observations). 

There are many other indications that IGF I is the 
major growth hormone in man and mammals in gener- 
al. Pygmies are dwarfs who have normal pituitary func- 
tion but are deficient in IGF I [51]. Laron dwarfs have 
very low IGF I levels [52], some also have low IGF II 
levels in the presence of increased growth hormone lev- 
els and increased responses of growth hormone to var- 
ious stimuli. The pygmy trait probably occurs also in 
other human races and interestingly enough, among 
other mammals. Eigenmann et al. [53] have shown that 
the toy poodle, which reaches a final weight of between 
2 and 3 kg, has extremely low IGF I levels, which are 
approximately 10% of those found in the king poodle 
(Fig. 6). It appears likely that IGF I levels determine the 
size of animals within a given species [53, 54]. 

However, during the development and life of man, 
IGF I levels do not reflect the actual growth status. 
Thus, IGF I levels are very low at birth and remain so 
during the first years of life [55]. Only during puberty do 
they increase above normal levels and in some way re- 
flect the growth spurt that occurs during this period [55]. 
During old age IGF I levels may be slighly lower than 
during the fourth and fifth decade, but these results are 
statistically not significant. It remains to be elucidated 
whether the IGFs are unimportant during early child- 
hood or whether IGF I levels do not reflect its efficacy. 
It is, for instance, conceivable that cells and tissues of 
young individuals may have better access to bound IGF 
than cells and tissues of old individuals and that the 
hormone levels do not reflect hormone turnover a n d  
status. This speculation is, as far as we know, not yet un- 
dermined by any data. 

Conclusions and outlook 

In 1967 my Minkowski lecture dealt with the inhibition 
of lipolysis. One of the main points was that the inhibi- 
tion of lipolysis [56] by insulin and certain drugs leads to 
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Fig.7. Complementary anabolic 
action of insulin and IGF. Insulin is 
a prerequisite without which growth 
processes cannot be initiated. IGF 
appears to have taken over from the 
common ancestor molecule the 
regulation of the slow growth 
porcesses and the stimulation of the 
differentiation of some 
mesenchymal cells [26] 
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an overshoot of lipolysis once the drug or insulin is not 
longer present. This work had been carried out in view 
of earlier studies by Randle [57] who had written his 
Minkowski lecture on the glucose-fatty acid cycle and 
demonstrated that insulin is relatively ineffective on 
glucose metabolism when there is fuel competition by 
non-esterified fatty acids. We then already knew that 
there are substances in serum which not only increase 
glucose metabolism of adipose tissue, but also inhibit 
lipolysis much in the same way as insulin. At that time, 
these factors appeared to be of interest as possible in- 
hibitors of lipolysis. In 1978 these factors were identi- 
fied as insulin-like growth factor I and II and they now 
have reached an interest far beyond that of the inhib- 
itory effects on lipolysis. Adipose tissue is the least sen- 
sitive tissue to insulin-like growth factors, followed by 
muscle, which is relatively more sensitive and by chon- 
drocytes and osteoblasts which are extremely sensitive 
and, indeed, much more sensitive to IGF than to insu- 
lin. All these cells are of mesenchymal origin and pro- 
foundly influenced by insulin and by the insulin-like 
growth factors. However, the potency ratio between 
these hormones is greatly in favour of insulin in the case 
of adipose tissue and in favour of the IGFs in the case 
of chondrocytes and osteoblasts. Therefore, these two 
hormones have reached completely different spectra of 
activity during evolution. Insulin regulates the second 
to second fluctuations of the major metabolites such as 
glucose, amino acids, free fatty acids and ketone bodies. 
The IGFs initiate processes which are responsible for 
growth and for differentiation. Insulin and the IGFs 
have become complementary hormones in their anabol- 
ic actions on the major tissues (Fig. 7). The IGFs are po- 
tentially interesting compounds perhaps even with ther- 
apeutic implications in all those situations in which in- 
sulin is not able to restore anabolism because the dam- 
age concerns mostly cartilage and bone which are only 
marginally influenced by physiological concentrations 
of insulin. Soon, biosynthetic IGF I will become avail- 
able in sufficient amounts to test the hypothesis that 
IGF I may have therapeutic advantages over insulin, 
because it stimulates muscle preferentially over adipose 
tissue. There are reasons to believe that the two hor- 
mones which complement each other so well under 
physiologic conditions may also do so under pathophy- 
siological conditions such as polytraumatism, wound 
and fracture healing, and, why not, diabetes. My  Min- 
kowski lecture in 1967 [56] ended with the sentence "We 
are now further purifying this molecule and hope to get 
enough material to test it in man for favourable anti- 
diabetic properties". Now, 18 years later, we fnal ly can 
test these speculations. 
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