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I Insulin-like growth factor I (IGF-I) is
now produced by recombinant DNA
technology, and the number of studies

of its possible clinical applications is
growing rapidly. Among these studies
are trials using IGF-I in cases where in-
sulin action is severely compromised,
and the results presented so far are
promising. For example, previously pub-
lished case reports provide descriptions
of diabetic patients with extreme insulin
resistance in whom significant improve-
ment in metabolic control was achieved
during administration of IGF-I (1,2).
More importantly, IGF-I has been shown
to improve metabolic control in type II
diabetic patients (3). These intriguing re-
sults raise the question of which differ-
ences between insulin and IGF-I action
make the use of exogenous IGF-I the
better choice for diabetes therapy, and
which do not. These important issues are
the major focus of this commentary.

First, we discuss data on the met-
abolic effects of IGF-I in normal and di-
abetic animals in vivo. Finally, we
present known metabolic effects of IGF-I
administration in humans and share our
concerns that IGF-I therapy may be haz-
ardous.

METABOLIC EFFECTS OF IGF-I IN
NORMAL AND DIABETIC
ANIMALS— In both awake (4) and
anesthetized normal rats (5), IGF-I exerts
a hypoglycemic effect with a potency
—50 times smaller than that of insulin.
The same difference in potency between
insulin and IGF-I on glucose disposal
was observed in experiments using the
euglycemic clamp technique (5). Equiv-
alent hypoglycemic doses of insulin and
IGF-I, however, produced a similar dis-
position of glucose in muscle glycogen
and lipids in adipose tissue (5). These
data suggested that IGF-I effects were
mediated via insulin receptors (5). On
the other hand, in normal rats (4) and
depancreatomized dogs (6) given doses
of insulin and IGF-I that were equivalent
in their glucose disposal effects, IGF-I
was shown to produce smaller effects on
adipose tissue lipolysis and hepatic glu-
cose production than insulin. In addi-
tion, in the rat, IGF-I was more selective
than insulin in stimulating glycogen syn-
thesis in the liver and in skeletal and
heart muscle (4), suggesting that IGF-I
had no stimulatory effect on oxidative
glucose disposal. Because only a single
dose of IGF-I and insulin was used by
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both groups of investigators (4,6), no
conclusions regarding the effect of dose
specificity on the observed phenomena
could be drawn.

In another study, the effects of
IGF-I administration in 90% partially
pancreatomized rats was compared with
sham-operated control rats (7). In the
control rats, infusions of IGF-I in doses
—30 times higher than insulin produced
an equal effect in total body glucose dis-
posal during euglycemic clamping.
When the same protocol was used in
partially pancreatomized rats, insulin-
mediated glucose disposal was reduced,
whereas IGF-I-mediated glucose dis-
posal was similar to that in the control
rats (7). In control rats, no additive effect
of the two hormones was observed,
whereas in the pancreatomized rats,
IGF-I coinfused with insulin restored
glucose utilization to normal (7). Simi-
larly, in the diabetic BB rat (model of
type I diabetes), the metabolic actions of
insulin, but not IGF-I, were reduced (8).
In another model of insulin resistance,
obese Zucker rats, IGF-I could not over-
come this defect (9). Resistance to the
hypoglycemic action of IGF-I was also
observed in obese mice (10,11).

Both obese Zucker rats and mice
are hyperinsulinemic, but in the partially
pancreatomized and diabetic BB rats, en-
dogenous insulin levels are reduced. In-
sulin produces significant changes in the
insulin-like growth factor binding pro-
teins (IGFBPs). The expression of
IGFBP-1 and IGFBP-2 has been shown to
be markedly increased in liver and kid-
ney in rats with diabetes induced by the
selective destruction of pancreatic (B-cells
by streptozotocin (12,13). Furthermore,
in diabetic animals, the expression of a
protein corresponding in mass to
IGFBP-3 is reduced in the liver (12). This
change in binding proteins (increased
BP-1 and BP-2, reduced BP-3) might well
augment the hypoglycemic action of
IGF-I. At present, it is safer, however, to
speculate that a postreceptor defect in
insulin action is located in a signal path-
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way common to insulin and IGF-I in
hyperinsulinemic rats and mice, but not
in insulinopenic diabetic rats and dogs.

METABOLIC EFFECTS OF IGF-I IN
HUMANS— Bolus intravenous injec-
tions of 13.3 nmol (100 |xg)/kg IGF-I or
1 nmol (0.15 IU)/kg insulin produce
nearly identical hypoglycemic responses
in humans (14). Both hormones produce
depression of fatty acids to the same low
levels, but this depression lasted signifi-
cantly longer after insulin than after
IGF-I injection. A profound and pro-
longed hypoglycemic effect of 75 jig/kg
IGF-I by intravenous bolus was also ob-
served in patients with Laron-type
dwarfism (15). Fasting hypoglycemia
was produced during an 11-day long,
constant, subcutaneous infusion of
16-24 jjig/kg IGF-I in a 9-year-old
Laron dwarf (16). In contrast, a subcu-
taneous infusion of either 7 or 14 |xg/kg
IGF-I, begun 24 h before and continued
during oral glucose and meal tolerance
tests in normal adult volunteer subjects,
did not change fasting plasma glucose or
glucose tolerance. Similar glycemic pro-
files, however, were achieved at signifi-
cantly lower insulin and C-peptide levels
during IGF-I infusions. IGF-I signifi-
cantly depressed levels of growth hor-
mone. The authors conclude that IGF-I
administration may improve insulin sen-
sitivity (17) by suppression of insulin
and growth hormone secretion. It has to
be stressed, however, that their conclu-
sion of enhanced insulin sensitivity after
IGF-I administration is only speculative,
because no data were presented indicat-
ing improvement in insulin action that
could be clearly distinguished from the
summation of hypoglycemic effects of
IGF-I and insulin. In this context, note
that in Laron dwarfs, the reduction in
insulin levels during administration of
IGF-I was associated with postprandial
hyperglycemia, probably because of re-
duced insulin secretory response (16).

IGF-I infusions (range 5-30

M-g' kg 1' h *) in the setting where glu-
cose concentrations were clamped within
the normal fasting range caused, in a
dose-response manner, a reduction in
the levels of insulin, fatty acids, triglyc-
erides, P-hydroxybutyrate, leucine, and
increased exogenous glucose consump-
tion (18). IGF-I also had a sparing effect
on protein catabolism as determined by
the rates of leucine turnover and oxida-
tion (18). These investigators concluded
that IGF-I had metabolic effects qualita-
tively similar to insulin (18). These find-
ings are in agreement with the results of
another report documenting that, in the
setting of primed (20 fxg/kg bolus) con-
stant (24 |xg* kg"1 • h"1) infusion of
IGF-I and euglycemic clamping, IGF-I
behaves as exogenous insulin (i.e., de-
creases C-peptide levels, inhibits hepatic
glucose production, stimulates periph-
eral glucose uptake, inhibits lipolysis and
protein catabolism [19]). Like insulin, it
also stimulates oxidation of glucose and
fatty acids. The authors conclude that the
close similarity in IGF-I and insulin ac-
tions indicate that IGF-I acts via the in-
sulin receptor, or else that the metabolic
effects mediated by activation of the IGF
receptor occur through a similar cascade
of intercellular events (19). Moreover, it
has been noted that exogenous IGF-I not
only reduces plasma levels of insulin and
C-peptide, but also depresses, although
less potently, the levels of glucagon,
probably because of the direct inhibitory
effect of IGF-I on pancreatic A-cells and
B-cells (18,19).

Although less potent than insu-
lin, IGF-I can produce hypoglycemia, an
effect that limits the application of IGF-I
to reverse catabolic state or stimulate lin-
ear growth (20). The hypoglycemia in-
duced by a bolus intravenous injection of
IGF-I produces similar counterregulatory
responses of glucagon, growth hormone,
cortisol, and catecholamines during in-
sulin-induced hypoglycemia (14). Dur-
ing hypoglycemia induced by primed
constant infusions of IGF-I, the re-
sponses of glucagon and growth hor-
mone were suppressed, the response of

cortisol was normal, and catecholamines
were elevated when compared with hor-
monal counterregulation during hypo-
glycemia of an identical rate of fall and
nadir as that induced by primed constant
insulin infusion (21). After IGF-I admin-
istration, glucose recovery was more
sluggish than after insulin because of fail-
ure of endogenous glucose production to
rise (21). When infusions of IGF-1 and
insulin were stopped, the insulin levels
returned promptly to baseline values and
IGF-I levels remained elevated. In the
setting of hypoglycemic clamp studies
performed with primed constant IGF-I
infusion, a suppression of glucagon re-
sponse only was observed, whereas other
counterregulatory hormones responded
in a manner similar to that observed dur-
ing hypoglycemic hyperinsulinemic
clamps (21).

The results of studies in nondia-
betic humans demonstrate that some of
the metabolic effects of IGF-I are differ-
ent than expected from studies in vitro
and in vivo in experimental animals. In
this respect, IGF-I in humans seems to
have a more profound effect on both
endogenous glucose production and
fatty acid levels, indicating significant ac-
tion on the liver and adipose tissue. In
humans, IGF-I may also stimulate glu-
cose oxidation. That these effects are me-
diated via insulin receptors is a plausible
explanation, but this may not be entirely
correct. Clearly, more studies are needed
to substantiate the role of IGF-I receptors
in the liver, and the consequences of
depressed insulin, glucagon, and growth
hormone levels on the rate of hepatic
glucose production and on lipolysis in
adipose tissue. In spite of these unre-
solved questions, the results of studies in
nondiabetic individuals may justify trials
of IGF-I in clinical situations where pro-
found insulin resistance cannot be over-
come by insulin. In this respect, IGF-I
has been shown to have a glucose-
lowering effect in patients with the type
A syndrome of insulin resistance (1). The
syndrome, encountered in women, is
characterized by acanthosis nigricans,
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virilization, and extreme insulin resis-
tance attributable to a structurally defec-
tive insulin receptor (22), whereas the
IGF type I receptor appears intact. IGF-I,
in two 100 |xg/kg boluses, produced a
slow (>6 h) hypoglycemic response with
nadirs of 3.2-5.5 mM and a decrease in
the markedly elevated insulin and
C-peptide levels. In these patients,
IGF-I, probably acting via its own recep-
tors, was able to overcome the insulin
receptor-associated defect in insulin ac-
tion (1). One case report (2) documents
an individual with a severe form of insu-
lin resistance and frequent episodes of
total unresponsiveness to intravenously
administered insulin in doses as large as
3,000 U/h. In this patient, substitution of
large doses (100-500 fig boluses) of
IGF-I for insulin produced a prompt
normalization of serum glucose that
lasted as long as the total IGF-I concen-
tration in the serum was > 1,100 fig
(0.14 jxM). The authors conclude that
the described effects of IGF-I were prob-
ably mediated via an IGF receptor signal-
ing pathway that bypasses the insulin
receptor defect (2).

In one report, Zenobi et al. (3)
examined the metabolic effects of IGF-I
in type II diabetic patients. IGF-I was
administered subcutaneously in two
daily 120 fig/kg injections for 5 consec-
utive days. The treatment significantly
reduced the hyperglycemic response to
mixed meals and decreased fasting and
postprandial insulin and C-peptide lev-
els. A decrease in growth hormone and
total triglycerides also was noted. Inter-
estingly, these effects persisted for 3 days
after IGF-I administration was stopped.
Based on these findings, the authors con-
clude that IGF-I administration improves
insulin sensitivity and lipid metabolism
in type II diabetes (3). Once again, how-
ever, the supposition that improvement
in insulin sensitivity follows IGF-I ad-
ministration (this would imply a poten-
tialization of insulin action by IGF-I not
just a summation of separate hypoglyce-
mic effects of insulin and IGF-I) has not
been sufficiently documented. Hypertri-

glyceridemia is associated with insulin
resistance and is commonly present in
poorly controlled, type II diabetic pa-
tients (23-25). A number of studies
have shown that sensible insulin therapy
in type II diabetes not only significantly
improves glycemic control arid insulin
action but also reduces hypertriglyceri-
demia (23-25). Because this latter goal
can be achieved by IGF-I as well, without
raising but actually lowering insulin lev-
els, the question arises whether IGF-I
represents a better option in this regard.

CONCLUSIONS— Published data
support the notion that IGF-I may, in
selected cases, be an important adjunct
to diabetes therapy. In the majority of
diabetic patients, however, the standard
therapeutic approaches (i.e., diet, exer-
cise, insulin, and oral hypoglycemic
agents) will normally suffice. IGF-I may
be the therapy of choice in those rare
situations where lack of effectiveness of
exogenous insulin is attributable to non-
functional or deficient insulin receptors.
Based on published data, we may predict
that here short-term IGF-I administra-
tion will result in significant metabolic
improvement and even be life-saving.
However, the safety and efficacy of the
long-term substitution of IGF-I for insu-
lin in such cases is unknown and difficult
to predict. Such therapeutic decisions
should always be weighed against the
potential risks. IGF-I stimulates cell
growth, but unfortunately, this stimula-
tion does not discriminate between nor-
mal and tumor cells (26). In fact, growth
of certain neoplasms is apparently IGF-I
dependent (27). In this context, the no-
tion that "IGF-I may prove to be a safe
growth factor, since it is a 'differentiation'
factor as well" (28) may not be entirely
correct. IGF-I also stimulates the growth
of arterial smooth muscle cejls, one of
the fundamental components of athero-
genesis (29). In addition, IGF-I adminis-
tration was associated with increase in
kidney size as well as with rise in renal

blood flow and glomerular filtration rate
in normal human volunteers (30). In
spite of the rise in glomerular filtration
rate and renal hypertrophy after IGF-I
administration, microalbuminuria does
not develop in normal subjects (30). The
same functional and morphological
changes, however, if present in diabetes,
are associated with microalbuminuria
and progressing diabetic renal disease
(31). IGF-I has been shown to bind to
and increase glomerular mesangial cell
proliferation (32,33); this expansion of
mesangium is one of the most consis-
tently observed structural changes in the
diabetic kidney (34). Thus the question
of whether or not IGF-I accelerates the
progression of diabetic nephropathy is
still open.

Moreover, published data suggest
that serum IGF-I levels are increased in
certain diabetic patients with prolifera-
tive retinopathy (35-37). IGF-I also has
been shown to stimulate the proliferation
of vascular endothelial cells in vitro
(29,38). This process may stimulate both
the healing of intimal lesions (i.e., bene-
ficial effect) and the proliferation of mi-
crovessels (i.e., adverse effect) (38).
Thus, the possibility remains that IGF-I
administration may aggravate the pro-
gression of proliferative retinopathy.

In summary, a multitude of pub-
lished reports suggests that IGF-I may be
an interesting adjunct to diabetes therapy
and, in some metabolic emergencies,
may even be the drug of choice. More
data are, however, needed to cjraw spe-
cific practical recommendations for long-
term IGF-I use, so that its benefits clearly
outweigh its risks. A satisfactory answer
to the question of whether IGF-I is a
friend when insulin fails remains a blank
spot in our knowledge.
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