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ABSTRACT Insulin-like growth factors-I and -II (IGF-I
and -II) are structurally related mitogenic polypeptides with
potent growth promoting effects. These peptides and their cor-
responding IGF-I and -II receptors are selectively localized in the
brain. To date, most of the effects of IGFs are believed to be
mediated by IGF-I receptors whereas the significance of IGF-II
receptor in mediating biological responses remains unclear. In
the present study, we characterized the distribution of IGF-I and
IGF-II receptor sites and investigated the effects of both factors
on endogenous acetylcholine (ACh) release in adult rat hip-
pocampus. [125I]IGF-I receptor binding sites are recognized by
IGF-I> IGF-II> insulin, whereas [125I]IGF-II binding was com-
peted potently by IGF-II> IGF-I but not by insulin. At the
cellular level, IGF-I receptor sites were primarily noted in the
molecular layer of the dentate gyrus and the CA2-CA3 subfields
of the Ammon’s horn whereas IGF-II sites were localized pre-
dominantly in the pyramidal cell layer of the CA1-CA3 subfields
and in the granular cell layer of the dentate gyrus. IGF-I
(10214–1028 M) and des(1–3) IGF-I (10210–1028 M) were found
to inhibit whereas IGF-II (10214–1028 M) potentiated K1-evoked
ACh release from hippocampal slices. Tetrodotoxin altered the
effects of IGF-I but not those of IGF-II suggesting that IGF-I acts
indirectly via the release of other modulators whereas IGF-II acts
directly on or in close proximity to the cholinergic terminals. The
inhibitory effects of IGF-I were also observed in the frontal
cortex but not in the striatum. In contrast, the stimulatory effects
of IGF-II were evident both in the frontal cortex and striatum.
Taken together, these results reveal the differential localization
of IGF-I and IGF-II receptor sites in the hippocampal formation
and the opposite role for these growth factors in the acute
regulation of ACh release likely via two distinct mechanisms.
Additionally, these data provide the first evidence for a direct role
for IGF-II and its receptors in the regulation of transmitter
release in the central nervous system.

Insulin-like growth factors-I and -II (IGF-I and -II) are
pleiotropic polypeptides with structural and functional homol-
ogies to the insulin. These trophic factors have been shown to
be selectively localized in various regions of the brain and their
physiological responses are presumed to be mediated by
specific interactions with cell surface receptors (1–4). The
IGF-I (i.e., type I IGF) receptor that has higher affinity for
IGF-I than for IGF-II or insulin, is a heterotetramer consisting
of two a- and two b-subunits joined by disulfide bridges. The
type II IGFymannose-6-phosphate receptor (IGF-II receptor)
has a higher affinity for IGF-II than IGF-I and does not bind
insulin. It comprises a single polypeptide chain with a large
extracellular domain and a short cytoplasmic tail (2, 5, 6).
Although both IGF-I and IGF-II receptors and their mRNAs

are widely distributed throughout the brain including the
hippocampal formation (7–13), very little information is cur-
rently available on the pharmacological profile or cellular sites
of localization of these receptors. Furthermore, while the role
of the IGF-II receptor in transporting lysosomal enzymes and
internalizing various compounds appears to be well estab-
lished, its function in signal transduction, unlike that of IGF-I
receptor, remains controversial (2, 5, 6).

A plethora of experimental approaches have shown that
IGFs participate in the development of the nervous system by
promoting neural growth, survival, and differentiation of
neurones and glia (3, 14–18). In the adult nervous system,
these growth factors are considered to have a role in the
normal maintenance as well as activity-dependent functioning
of the brain (9, 19–28). The evidence that IGF-I and IGF-II
receptors have distinct distributional profiles (7, 10, 13) and
respond differently to various manipulations (22, 23, 26) raises the
possibility that these receptors may have selective roles in the
regulation of certain brain functions. Paradoxically, most of the
mitogenic and growth promoting effects of IGFs are believed to be
mediated via activation of the IGF-I receptor whereas the IGF-II
receptor is considered to have a role in the uptake and degradation
of IGF-II (2, 5). Few studies from nonneuronal tissues, however,
suggest that IGF-II acting via its own receptor is able to mediate
certain cellular responses (29–31). The most extensively studied
response is the stimulation of Ca21 influx in primed BALByc 3T3
fibroblast cells in which the IGF-II receptor appears to be coupled
to a Ca21 channel by a G protein (32–34). However, it is unclear
whether IGF-I and IGF-II, acting via their respective receptors,
can have distinct, unique role in the regulation of the normal or
activity-dependent functioning of the brain. The present study
shows that IGF-I and its analog des(1–3) IGF-I inhibit while
IGF-II potentiates endogenous acetylcholine (ACh) release from
selected regions of the brain by two distinct mechanisms. These
results provide an evidence for differential roles of IGFs and their
respective receptors in the regulation of cholinergic function. In
addition, it suggests that IGF-II receptor, apart from internaliza-
tion, may also participate in mediating certain biological responses
of IGF-II in the brain.

MATERIALS AND METHODS
Materials. Adult male Sprague-Dawley rats (2–3 month,

275–300 g) obtained from Charles River Breeding Laborato-
ries were used in the study. All animals were housed according
to guidelines of the Canadian Council on Animal Care and
McGill University Policies, and given food and water ad
libitum. Human recombinant IGF-I was purchased from ICN,
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human recombinant des(1–3) IGF-I from GroPep (Adelaide,
Australia), human recombinant IGF-II from Sigma and por-
cine insulin from Calbiochem. Labeled [125I]IGF-I (2,000
Ciymmol; 1 Ci 5 37 GBq), [125I]IGF-II (2,000 Ciymmol), and
Hyperfilms were obtained from Amersham while [g-32P]ATP
was purchased from New England Nuclear. Tetraphenylboron
and butyronitrile were obtained from Aldrich and AG 1-X8
Resin was purchased from Bio-Rad. All other chemicals were
purchased either from Sigma or Fisher Scientific.

In Vitro Receptor Autoradiography. Eight adult rats were
killed by decapitation and their brains were cut serially (20 mm)
through the hippocampal formation and processed for
[125I]IGF-I and [125I]IGF-II receptor autoradiography as de-
scribed earlier (13). For competition binding assays, consec-
utive brain sections were incubated with 50 pM [125I]IGF-I or
25 pM [125I]IGF-II containing either IGF-I, IGF-II, or insulin
(10212–1026 M). For cellular localization of the respective
binding sites, a batch of slides were incubated with [125I]IGF-I
or [125I]IGF-II (in the presence or absence of corresponding
unlabeled peptide), fixed in 5% glutaraldehyde solution, de-
hydrated in graded alcohols, dipped in Kodak NTB-2 emul-
sion, and then developed after 10–12 days. Autoradiograms
were quantified densitometrically using a computerized image
analysis system (MCID, Imaging Research, St Catharines, ON,
Canada) as described earlier (13, 26). The binding data were
then analyzed using the GRAPHPAD program (GraphPad Soft-
ware, San Diego). All values are expressed as percent of
specific binding and are represented as mean 6 SEM.

In Vitro ACh Release. Brain slices were prepared as de-
scribed in detail elsewhere (35). Regions of interest (i.e.,
hippocampus, striatum, and frontal cortex) were first dissected
out and then superfused with oxygenated Krebs buffer. After
a 45 min stabilization period, eff luents were collected every 20
min for 1 hr to establish the basal eff lux. The tissues were then
stimulated with high K1 Krebs buffer (25 mM KCl with
equimolar reduction in NaCl to maintain isotonicity) for 1 hr
either in the presence or absence of IGF-I, IGF-II, or their
mixture. The analog des(1–3) IGF-I that exhibits more potent
effects than IGF-I in a variety of biological system due to its
low affinity for IGF binding proteins (28) has also been used,
in parallel, to further establish the nature of the effect of IGF-I.
At the end of the superfusion, tissue slices were removed and
protein content was measured (36). The superfusates collected
every 20 min throughout the experiment were then processed
using radioenzymatic assay as described earlier (35, 37).
Evoked transmitter release represents the net release above
the basal eff lux and is expressed as pmol AChzminzmg protein.
The data that are presented as mean 6 SEM were analyzed
using one-way ANOVA followed by Fisher’s post hoc test with
level of significance set at P , 0.05.

RESULTS
Characterization and Distribution of [125I]IGF-I and

[125I]IGF-II Receptor Binding Sites in Rat Hippocampal For-
mation. [125I]IGF-I and [125I]IGF-II receptor binding sites exhib-
ited different profiles of distribution throughout the hippocampal
formation (Fig. 1). High levels of [125I]IGF-I binding sites were
localized primarily in the CA2-CA3 subfields and the dentate
gyrus (DG) (Fig. 1 A–H). Within the Ammon’s horn a relatively
high density of silver grains was evident particularly in the stratum
oriens and polymorphic neurones of the hilar region whereas the
stratum radiatum and lacunosum moleculare showed only mod-
erate amounts of grains. The pyramidal neurones of the Ammon’s
horn exhibited relatively low density of silver grains (Fig. 1 B–E).
In the DG, silver grains were predominantly localized in the
molecular layer rather than the granular cell layer (Fig. 1 F, G).
The pharmacological specificity of the observed [125I]IGF-I bind-
ing was determined by incubating consecutive sections in the
absence or presence of increasing concentrations of IGF-I, IGF-

II, and insulin (Fig. 2A). The rank order of potency of the
competitors was IGF-I. IGF-II. insulin (Figs. 2A).

High amounts of [125I]IGF-II binding sites were evident pri-
marily in the pyramidal cell layer of the CA1-CA3 subfields
whereas other layers of the Ammon’s horn such as the strata
oriens, radiatum, and lacunosum-moleculare showed apparently
low levels of specific labeling (Fig. 1 I–P). The amounts of silver
grains in the CA2 or CA3 pyramidal cell layer was higher than in
the CA1 subfield (Fig. 1 J–M). In the DG, the granular cell layer,
as opposed to the molecular layer, showed relatively high levels of
[125I]IGF-II binding sites (Fig. 1 N, O). Relatively high amounts of
silver grains were also evident in the polymorphic neurones of the
hilar region. The observed [125I]IGF-II binding in various layers of
the hippocampus was competed potently by IGF-II. IGF-I
whereas insulin was found to be ineffective (up to 1 mM) (Fig. 2B).

Effects of IGF-I, Des(1–3) IGF-I, and IGF-II on Hippocampal
ACh Release. Depolarization-induced ACh release with 25 mM
KCl is known to be optimal to reveal both drug-dependent
attenuation as well as increase of transmitter release (35, 38). To
determine the effects of IGF-I, des(1–3) IGF-I, and IGF-II on
endogenous ACh release, hippocampal slices were stimulated with
25 mM K1 buffer either in the absence or presence of various
concentrations of IGF-I (10214–1028 M), des(1–3) IGF-I (10210–
1028 M), and IGF-II (10214–1028 M). The results clearly demon-
strate that IGF-I, in a concentration-dependent manner, potently
inhibited endogenous ACh release (Fig. 3A). The time depen-
dency of the effects revealed that the inhibition of ACh release was
apparent only during the last period of stimulation. Des(1–3)
IGF-I also drastically reduced endogenous ACh release from
hippocampal slices during the later phase of stimulation (Fig. 3B).
This effect was found to be more potent than IGF-I as 10210 M
des(1–3) IGF-I, but not IGF-I, exhibited significant inhibition of
ACh release (Fig. 3 A, B). IGF-II, in contrast to IGF-I or des(1–3)
IGF-I, was found to potentiate evoked ACh release from hip-
pocampal slices (Fig. 3C). This effect was also concentration-
dependent (Fig. 3C) and evident during the first phase of stimu-
lation. Interestingly, exposure of hippocampal slices to optimal
concentrations of both IGF-I (1028 M) and IGF-II (10210 M) did
not alter total ACh release over a 1 hr stimulation period thus
indicating a possible neutralizing effects of these growth factors
(Fig. 4). The time-dependency of the effects, as expected, showed
a nonsignificant initial increase followed by a decrease in ACh
release. Furthermore, unlike K1-evoked release, the spontaneous
release of ACh from hippocampal slices was not altered by either
1028 M IGF-I, 1028 M des(1–3) IGF-I, or 10210 M IGF-II.

Effects of Tetrodotoxin (TTX) on IGF-I and IGF-II-
Modulated ACh Release. Neuronal depolarization and firing are
known to be suppressed by TTX due to ion fluxes through
voltage-sensitive Na1-channels (39). By itself, TTX has been
shown not to affect evoked ACh release from rat hippocampal
slices (40). To determine whether the differential effects of IGF-I
and IGF-II are being altered by TTX, hippocampal slices were
superfused under similar conditions in the presence of 10 mM
TTX (Fig. 5 A, B). While the inhibitory effects of 1028 M IGF-I
was found to be altered in the presence of TTX (Fig. 5A), the
stimulatory response of 10210 M IGF-II was found to be insen-
sitive to the presence of TTX (Fig. 5B). This suggests that IGF-II
probably acts directly on or in proximity to the hippocampal
cholinergic terminals to potentiate ACh release whereas the
inhibitory response of IGF-I possibly requires the initiation of
impulses distal to cholinergic terminals.

Regional Differences in the Effects of IGF-I and IGF-II.
Besides the hippocampal formation, cholinergic terminals are
most concentrated in the cerebral cortex and in the striatum
(41), regions that also express receptors for IGF-I and IGF-II
(8, 10, 13). To evaluate regional specificity, slices of frontal
cortex (Fig. 6 A, B) or striatum (Fig. 7 A, B) were superfused
in the presence of 1028 M IGF-I or 10210 M IGF-II. IGF-I did
not affect striatal ACh release (Fig. 7A) whereas release from
the frontal cortex was found to be significantly decreased (Fig.
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6A). Similar to the hippocampal formation, the inhibition was
mostly apparent during the later period of stimulation. IGF-II,
unlike IGF-I, augmented evoked ACh release from cortical
(Fig. 6B) as well as striatal slices (Fig. 7B). Furthermore,
consistent with the hippocampal formation, the potentiation of
ACh release was evident during the early phase of stimulation
in both the frontal cortex and striatum (Figs. 6B and 7B).

DISCUSSION
The present study clearly indicates that IGF-I and IGF-II differ-
entially regulate endogenous ACh release from selected regions of
the adult rat brain. The effects of both peptides are concentration
dependent, region specific, and are likely mediated by different
mechanisms since one is TTX-sensitive while other is not. IGF-I
inhibited K1-evoked ACh release from hippocampal and cortical
slices but not from the striatum whereas IGF-II potentiated
evoked release from all three regions. Des(1–3) IGF-I, an analog

of IGF-I that exhibit low affinity for IGF binding proteins (2, 18),
also potently inhibited endogenous ACh release from hippocam-
pal slices. These results, together with the findings that each growth
factor recognizes its cognate receptor with high affinity, provide
evidence in favor of contrasting roles for these growth factorsy
receptors in the regulation of brain cholinergic function in addition
to a unique role for the IGF-II receptor in the rat central nervous
system.

The widespread distribution of [125I]IGF-I and [125I]IGF-II
receptor binding sites, in keeping with earlier reports (7, 8, 10, 13),
was noted throughout the hippocampal formation. These sites, as
evident by competition experiments, demonstrate binding affinity
characteristics of the IGF-I and IGF-II receptors. Furthermore, as
insulin does not bind IGF binding proteins or IGF-II receptor,
competition for [125I]IGF-I but not [125I]IGF-II binding sites by
high concentration of insulin indicate that both radioligands under
our assay conditions identified genuine IGF-I and IGF-II receptor

FIG. 1. Photomicrographs
showing the cellular distributions
of [125I]IGF-I (A–G) and
[125I]IGF-II (I–O) receptor sites in
the hippocampus (A, I) and in the
CA1 (B, C, J, K), CA2 (D, E, L, M)
and the DG (F, G, N, O) regions of
the adult rat. H and P represent
nonspecific labeling in the pres-
ence of excess unlabeled IGF-I and
IGF-II, respectively. C, E, and G
are the bright field representative
of B, D, and F whereas K, M, and O
are the bright field representative
of J, L, and N, respectively. Or,
stratum oriens; Mol, molecular lay-
ers of the DG; Py, pyramidal neu-
rones; GrDG, granule cells.
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sites (7, 10, 13). This is further reiterated by emulsion autoradio-
graphic studies that clearly showed that binding sites recognized by
these two ligands are concentrated in anatomically distinct regions
of the hippocampal formation.

The in vitro release of ACh from neuronal tissues is known to
be Ca21-independent for basal, unstimulated release but Ca21-
dependent for evoked release (42). High K1 Krebs buffer acti-
vates voltage-sensitive calcium channels that results in an influx
of Ca21 followed by transmitter release (43). The present results
that IGF-I and des(1–3) IGF-I inhibited while IGF-II potentiated
K1-evoked but not basal ACh release indicate the involvement of
Ca21-sensitive mechanisms in the regulation of ACh release by
the IGFs. The concentrations required to modulate 50% of the
evoked ACh release (i.e., EC50) from hippocampal slices are
apparently 0.1 nM for IGF-I and 0.01 nM for IGF-II. Interest-
ingly, 1028 M IGF-II, in contrast to the lower concentrations
(10211–1029 M), did not significantly alter ACh release over the
1 hr stimulation period. Given the evidence that higher concen-
trations of IGF-II can recognize the IGF-I receptor, it is likely
that the stimulatory effects of 1028 M IGF-II is being neutralized
by simultaneous activation of IGF-I receptor inhibiting ACh
release. It is also of interest to note that combined administration
of optimal concentrations of IGF-I and IGF-II did not signifi-
cantly alter hippocampal ACh release thus suggesting a possible
neutralizing effect of these opposing factors. Furthermore, the
differential effects of IGFs were found to be likely mediated by
two distinct mechanisms, since the action of IGF-I was blocked
by TTX while that of IGF-II was not. These results, together with
the observation that striatal cholinergic interneurones are sensi-
tive to IGF-II but not IGF-I, provide an evidence that the
contrasting effects of IGF-I and IGF-II on evoked hippocampal
ACh release are most likely mediated by activation of the
respective receptors.

While the transmembrane signaling role of IGF-I receptor is
well established (via phosphatidylinositol-3 kinase), the signifi-
cance of the IGF-II receptor in mediating genuine biological
responses is still a matter of intense debate. A series of in vitro
studies have shown that IGF-II binding to its receptor stimulates
glycogen synthesis in rat hepatoma cells (44) and amino acid
uptake in human myoblasts (29), promotes Na1yH1 exchange
and inositol triphosphate production in canine kidney proximal
tubular cells (45, 46) and stimulates Ca21 influx and DNA
synthesis in primed BALByc 3T3 cells (32, 34). There is also
evidence that IGF-II by interacting with the IGF-II receptor
stimulates the motility of human rhabdomyosarcoma cells (30)
and the differentiation of muscle cells (31). In keeping with these
observations, it seems likely that the IGF-II receptor, apart from
its role in protein trafficking, might be involved in mediating
certain functional responses such as the regulation of ACh release
in selected regions of the brain.

The use of TTX clearly demonstrated that the inhibitory effects
of IGF-I required the initiation of impulse activity while the

FIG. 2. Competition binding profiles of IGF-I, IGF-II, and insulin
against labeled [125I]IGF-I (A) and [125I]IGF-II (B) in adult rat
hippocampal formation. The observed profiles clearly demonstrate
[125I]IGF-I and [125I]IGF-II recognized the respective receptors at
higher affinity than the related peptides. Unlabeled insulin did not
compete for [125I]IGF-II binding. Each point represents the measure-
ment of the mean 6 SEM of data obtained from three to four
determinations.

FIG. 3. Effects of IGF-I (A), des(1–3) IGF-I (B), and IGF-II (C)
on evoked ACh release from hippocampal slices. Slices were depo-
larized with 25 mM K1 buffer in the presence or absence of various
concentrations of IGF-I, des(1–3) IGF-I, and IGF-II. Evoked release
was significantly inhibited by IGF-I (A) and des(1–3) IGF-I (B) while
potentiated by IGF-II (C). Results are expressed as the mean 6 SEM
of three experiments each performed quintuplicate for each concen-
tration of peptide tested. cont, Control. *P , 0.05.
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potentiating effects of IGF-II were due to an action at or in close
proximity to the cholinergic terminals. Supporting a direct action
of IGF-II, it has recently been shown that IGF-II receptors are
located on septal cholinergic neurones and are involved in IGF-
II-mediated increase in choline acetyltransferase activity (47), a
result that may be associated with increased ACh release. In
contrast, the TTX-sensitive effect of IGF-I is possibly being
mediated via the release of transmitter that subsequently inhibits
ACh release from cholinergic terminals. Given the evidence that
IGF-I modulates g-aminobutyric acid release (21) that is known to
inhibit ACh release from the hippocampus (48), it is possible that
g-aminobutyric acid may be involved in regulating the inhibition of
ACh release by IGF-I. Interestingly, striatal cholinergic interneu-
rones, unlike the hippocampus or cortex, were found to be
insensitive to IGF-I, suggesting IGF-I receptors in this region are
not appropriately positioned andyor coupled to effector mecha-

nisms to modulate the exocytotic process involved in the release of
ACh. Alternatively, it is possible that higher amounts of binding
proteins in this region may play a role in altering the inhibitory
effects of IGF-I.

The intracellular events associated with IGF-I and IGF-II
regulated endogenous ACh release are unknown. Earlier reports
have shown that IGF-I effects at the cellular level are initiated by
the activation of intrinsic tyrosine kinase present in the b-subunit
of the IGF-I receptor. This subsequently induces a cascade of
phosphorylation events including the activation of the insulin
receptor substrates (IRS-1 and IRS-2), phosphatidylinositol-3 ki-
nase, and protein kinase C leading to alterations in Ca21 influx and
its mobilization from intracellular stores (2, 6). It has recently been
shown that IGF-I modulates glutamate-induced g-aminobutyric
acid release from cerebellum by simultaneous activation of protein
kinase C and NO signaling pathways (49). In the context of ACh
release, it remains to be established if protein kinase C andyor NO
signaling pathways is involved in mediating the attenuation of ACh
release by IGF-I or des(1–3) IGF-I. As for the action of IGF-II,
some evidence suggests that this factor (0.1 nM) can stimulate
Ca21 influx in primed BALByc 3T3 fibroblasts possibly by cou-
pling to some GTP binding proteins (32–34). Recently, it is
reported that the IGF-II receptor can activate G proteins through
its cytoplasmic domains that subsequently alter adenyl cyclase
activity in transfected COS cells (50). It would of interest to
determine if a similar mechanism is involved in the regulation of
ACh release.

Accumulated evidence (47, 51–53) and the present data
suggest that IGF-I and IGF-II act both as trophic factors as
well as fast acting neuromodulators for selected populations of

FIG. 4. Comparative effects of IGF-I, IGF-II, and their mixture on
evoked ACh release from hippocampal slices. Tissue slices were depo-
larized in the presence or absence of 1028 M IGF-I or 10210 M IGF-II
alone and with both the peptides. Evoked ACh release was significantly
inhibited by IGF-I while potentiated by IGF-II. Presence of both IGF-I
and IGF-II did not significantly alter ACh release from hippocampal
slices. Data are expressed as the mean 6 SEM (n 5 10–12). *P , 0.05.

FIG. 5. Effects of TTX on the IGF-I (A)- and IGF-II (B)-induced
alterations of evoked ACh release from hippocampal slices. Tissue slices
were depolarized with 25 mM K1 buffer in the presence or absence of
1028 M IGF-I or 10210 M IGF-II alone and with the peptide and 10 mM
TTX. IGF-I-induced inhibition of evoked release was altered by TTX (A)
whereas the effects of IGF-II remained unaffected in the presence of
TTX (B). Data are expressed as the mean 6 SEM (n 5 10–12). *P , 0.05.

FIG. 6. Time-course effects of IGF-I (A) and IGF-II (B) on evoked
ACh release from slices of the frontal cortex. Tissue slices were
stimulated with 25 mM K1 buffer in the presence (dotted lines) or
absence (solid lines) of 1028 M IGF-I and 10210 M IGF-II. Evoked
ACh release was significantly inhibited by IGF-I (A) while potentiated
by IGF-II (B). A and B (Insets) represent total release as percentage
of control for the respective peptides over 60 min stimulation period.
Data are expressed as the mean 6 SEM (n 5 10–12). *P , 0.05.
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cholinergic neurones and thus may be of relevance to certain
degenerative diseases, particularly Alzheimer disease—where
decreased levels of cholinergic markers are associated with
impairments in cognitive functions (54–56). Interestingly, in
support of a possible role for the IGFs in Alzheimer disease,
it has recently been shown that IGF-I binding sites are
increased in the cortical areas in this disease (57), IGF-I can
protectyrescue cultured hippocampal neurones against b-
amyloid mediated toxicity (58) and immunoreactive IGF-II
receptors are localized in b-amyloid containing neuritic
plaques (4). Whether decreased levels of ACh andyor selective
loss of basal forebrain cholinergic neurones in Alzheimer
disease are directly associated with altered trophic andyor
neuromodulatory roles of IGFs remain to be established.
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FIG. 7. Time-course effects of IGF-I (A) and IGF-II (B) on evoked
ACh release from slices of the striatum. Tissue slices were stimulated
with 25 mM K1 buffer in the presence (dotted lines) or absence (solid
lines) of 1028 M IGF-I and 10210 M IGF-II. Evoked ACh release was
unaffected by IGF-I (A) while potentiated significantly at the early
phase of stimulation by IGF-II (B). A and B (Insets) represent total
release as percentage of control for the respective peptides over 60 min
stimulation period. Data are expressed as the mean 6 SEM (n 5
10–12). *P , 0.05.
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