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Abstract
Growth factors in the brain are important to depression and it’s treatment and we assessed the ability
of peripherally administered insulin-like growth factor-I (IGF-I) to influence behavior related to
depression. We found that mice that received chronic IGF-I treatment showed antidepressant-like
behavior in forced-swim and novelty-induced hypophagia (NIH) tests and increased sucrose
consumption after chronic mild unpredictable stress exposure. Additionally, peripheral anti-IGF-I
administration blocked exercise-induced antidepressant effects in the forced-swim test (FST). These
results support the functional relevance of neurotrophic mechanisms to depression and extend this
idea to include neurotrophic factors in the periphery.
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1. Introduction
Neurotrophic factors were originally identified for their roles in growth and development of
the nervous system, but are now also considered important mediators of neuronal growth,
survival and function in the adult [4,27].Roles for neurotrophic factors have been demonstrated
in learning and memory, synaptic facilitation and other plasticity-related processes [5,32,33].
Many diseases of the nervous system including depression are hypothesized to involve
dysregulation of growth factor processes, and the therapeutic application of treatments that
regulate neurotrophic actions is an active area of investigation [40,54].

Long-term antidepressant treatment increases the expression of neurotrophic factors in
hippocampus [19]. This has been suggested to be functionally relevant due to the converse,
down-regulation of neurotrophic factors by stress, which can be a precipitating factor for
depression [20]. A loss of neurotrophic support could contribute to atrophy and loss of neurons
observed in pre-clinical models, as well as volumetric and cellular abnormalities reported in
postmortem studies of depressed patients [7,41,47].
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Insulin-like growth factor-I (IGF-I) is among the growth factors reported to be up-regulated in
rat brain by antidepressant treatment [29]. IGF-I is a trophic factor that mediates actions of
growth hormone and regulates cell growth and metabolism in the periphery [50]. IGF-I is
expressed in many tissues, including the brain, where it is important to nerve growth and
differentiation and neurotransmitter synthesis and release [1,14]. Actions of IGF-I are mediated
primarily through the IGF-I type I receptor and are modulated by IGF-I binding proteins [12,
50]. The adult brain contains high levels of IGF-I receptors, but unlike the case in developing
brain, expression levels of IGF-I are low suggesting that the adult brain may utilize IGF-I from
sources outside of the brain [6].

Circulating IGF-I, derived primarily from liver, can gain entry into the brain via transport across
the blood–brain and blood–cerebrospinal fluid (CSF) barriers [42,43]. Physical exercise
stimulates the expression and release of liver IGF-I and results in elevated brain uptake of IGF-
I in rodents [8,56]. Moreover, peripheral IGF-I is necessary for exercise-induced hippocampal
neurogenesis and for functional recovery after brain injury in rodent models [9,52]. These
findings implicate peripheral IGF-I in the beneficial consequences of exercise on brain function
and suggest that peripheral IGF-I might also be important to other central effects of exercise.

Chronic exercise can result in improvements in depression in humans and in antidepressant-
like responses in rodent behavioral models [2,22,23,26]. In the experiments reported here, we
aimed to assess the role of peripheral IGF-I in mediating antidepressant-like behavior under
resting physiological conditions. We also investigated the extent to which IGF-I might
contribute to antidepressant-like behavior in exercising mice.

2. Methods
2.1. Animals

Male C57Bl/6 mice were obtained at 10 weeks of age from Jackson Laboratories (Bar Harbor,
ME) and were acclimated to the facility for 1 week before use in experiments. Mice were singly
housed in standard mouse cages (Nalgene) with ad libitum access to food and water. Mice were
maintained on a 12-h light-dark cycle with lights on at 7 am. Animal maintenance and use
procedures were in accordance with the NIH Guide for Care and Use of Laboratory Animals
and were approved by the Yale University Animal Care and Use Committee.

For exercise experiments, the cages of exercising mice were equipped with running wheels
(34.5cm diameter) attached to mechanical counters. The counters were connected to a
CLOCKLAB data collection system (Actimetrics, Evanston, IL) and wheel-running activity
was recorded continuously throughout the experiment. Chronic exercising mice were given
wheel access for 4 weeks. Behavioral testing was performed 24 h following the last wheel
access.

2.2. Treatments
Human recombinant IGF-I (GroPep Limited, Alelaide, Australia) was administered to mice
via continuous subcutaneous osmotic minipump infusion. For chronic IGF-I treatments, Alzet
model 1002 minipumps (Durect Corp., Cupertino, CA) were filled to deliver 50µg/kg of IGF-
I per day over a 14-day period. Control mice were implanted with osmotic minnipumps
containing vehicle. Anti-IGF-I polyclonal antibody was a kind gift of Dr. Ignacio Torres-
Aleman. This antibody effectively recognized IGF-I by Western blot analysis and has been
used in published reports [9,31,52]. For the exercise experiments, anti-IGF-Iwas administered
to mice throughout a 28-day period of running wheel access. Anti-IGF-I (20% in saline)was
delivered by subcutaneous osmotic minipump infusion (Alzet 2004) at a rate of 6µl/day.
Control mice received similar minipump infusion of 20% normal rabbit serum in saline.
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Desipramine hydrochloride (Sigma, St. Louis,MO)was administered as a single acute dose of
15 mg/kg, i.p., given 30 min prior to testing and fluoxetine hydrochloride (gift of Eli Lily,
Indianapolis IN) was administered in the drinking water at a dose of 20 mg/kg/day. Separate
groups of mice were used for the antidepressant-responsive behavioral paradigms (forced-
swim test (FST) and novelty-induced hypophagia (NIH)), the stress-exposure experiment and
for the exercise experiment.

2.3. Behavioral procedures
2.3.1. Forced-swim test—The forced-swim test was performed according to standard
published procedures with minor modifications [13,21].Mice were placed in a glass cylinder
(12 cm diameter) filled to a depth of 10 cm with water (23 °C). A 6 min test session was
conducted and videotaped. Time spend immobile was defined as the absence of active/escape
directed movements and was scored by a blind observer for the last 4 min of the test period.

2.3.2. Novelty-induced hypophagia—The novelty-induced hypophagia paradigm was
conducted as described by Dulawa et al. [18]. After 3 days of habituation to a palatable solution
(Carnation sweetened condensed milk 1:3 in water), mice were individually presented with the
solution in the home cage and latencies to approach and drink were recorded as a control. On
the subsequent day, mice were presented with the milk solution in a novel cage with bright
lighting and the latency to approach and drink was recorded.

2.3.3. Chronic mild stress exposure—The chronic mild unpredictable stress (CUS)
paradigm is a modification of published procedures [3,36]. The stress regimen consisted of
exposure to the following physical and/or psychological stressors: confinement (1 h), cold
exposure (4 °C, 45 min), new cagemates (3 h), exposure to rat odor (3 h), wet bedding (3 h),
swim stress (10 min), periods of darkness during the light cycle (3 h), cage rotation (1 h),
crowding (1 or 3 h), stroboscopic lighting (2 h), cage tilt (12 h), food deprivation (12 h), light
on (overnight). Two different stressors were applied during each 24 h period, in a pseudo-
random, and changing sequence. Non-stressed control mice were housed in a separate room.

2.3.4. Sucrose consumption—The consumption of a sucrose solution was conducted as
previously published for mice [25].Mice were habituated to sucrose over a 48 h period by
replacing water bottles with bottles containing sucrose solution (1%). Sucrose consumption
was then measured by presenting sucrose (1%) in the home cage for a 1 h test period that
followed overnight water deprivation. Mice were tested in single-bottle tests in their home
cages while their cagemates were temporarily removed. All mice were tested between 7:00
and 11:00 am. Sucrose consumption was quantified by weighing bottles before and after the
test periods.

2.3.5. Locomotor activity—Locomotor activity was measured by video tracking
(Ethovision Pro,Noldus Inc.) in standard cages. Datawere analyzed with Ethovision behavioral
analysis software.

2.4. Measurement of growth factors
Animals were decapitated at the end of the experiment and brains were rapidly removed and
hemisected. Prefrontal cortex was dissected from one hemisphere and frozen on dry ice. The
remaining hemisphere was frozen on dry ice and used for in situ hybridization analysis.

2.4.1. IGF-I protein—IGF-I in brain tissue was quantified by ELISA (R&D Systems,
Minneapolis, MN) according to manufacturers instructions. Tissue homogenates were treated
with an acidic dissociation solution in order to remove any IGF-I binding proteins and then
aliquots of pre-treated samples and standards were added to a microplate precoated with
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amonoclonal antibody specific for IGF-I which binds IGF-I contained in the sample. Following
washing, an enzyme-linked polyclonal antibody specific for IGF-I was added to the wells.
After an additional wash, substrate solution that uses tetramethylbenzidine as a chromagen was
added which develops color in proportion to the amount of IGF-I bound in the initial step.
Color development was stopped by addition of sulfuric acid solution and optical density for
individual samples was determined using a microplate reader set to 450 nm. Samples were run
in duplicate.

2.4.2. In situ hybridization—In situ hybridization for IGF-I or for brain derived
neurotrophic factor (BDNF) mRNA was carried out as described previously [37,38]. Cryostat
cut coronal sections (14 mm thickness) were fixed in 4% paraformaldehyde, acetylated and
dried. Slides were incubated with 35S-labeled antisense riboprobes against the coding exon V
(rat BDNF cDNA was obtained from Regeneron, Tarrytown, NY) or against IGF-I (RTPCR
synthesis; primer sequences; forward – TCTTCTACCTGGCGCTCTGC and reverse –
TCTTGGGCATGTCAGTGTGG; the reverse primer included a T7 template sequence
(TAATACGACTCACTATAGGGAGA) on the 5’end). Riboprobe was verified by sequencing
of the PCR product. After hybridization, sections were washed, dried and exposed to BioMax
Film (Kodak, Rochester, NY). Levels of IGF-I or BDNF mRNA were analyzed using Scion
Image Analyzer program. Hippocampal subregions were analyzed by outlining the area of
interest; an equivalent area was outlined for each sample. For each animal, the optical density
measurements from two individual hemisections were analyzed, from which the mean was
calculated. To correct for non-linearity, 14C step standards were used for calibration.

2.5. Statistics
For analysis of two groups, data were subjected to Student’s t-test. For analysis of the effect
of IGF-I antibody administration in exercising mice, data were analyzed by one-way analysis
of variance (ANOVA) and Fischer’s protected least significant difference was used for post-
hoc comparisons of group means.

3. Results
3.1. Effect of IGF-I on depression-related behavior

In order to determine if peripheral IGF-I can produce changes in depression-related behavior
we administered human IGF-I to mice via continuous subcutaneous osmotic minipump
infusion (50 µg/kg/day) for 14 days). This administration paradigm has been shown to produce
central effects including increased glucose uptake and stimulation of angiogenesis in the brain
of adult mice in published reports [9,31]. In the current study, we found that this paradigm
resulted in detectable levels of recombinant IGF-I in brain tissue (46.3 pg/mg protein,
determined by ELISA).We tested IGF-I-treated mice in the forced-swim test (FST), a standard
and widely used behavioral paradigm for assessing antidepressant activity in rats and mice
[13]. IGF-I-treated mice had significantly decreased immobility in the FST compared with
vehicle-treated mice (Fig. 1a). This effect is similar to the action of antidepressant drugs as
shown for the drug desipramine (Fig. 1b). Antidepressant-like effects in the FST consist of less
immobility and it is possible that a treatment-induced up-regulation of general activity could
contribute to antidepressant-like profiles in this test. Chronic-IGF-I treatment did not alter
locomotor activity compared with vehicle-treated mice (Fig. 1c), indicating that the decreased
immobility in the FST is not due to IGF-I-induced up-regulation of baseline activity.

IGF-I-treated mice were also assessed in the NIH test. The NIH test provides a behavioral
measure of anxiety that is sensitive to chronic but not acute antidepressant treatment, consistent
with the time lag for the therapeutic action of antidepressants [17]. This NIH test does not rely
on prior food deprivation and is therefore appropriate to use with treatments that could
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conceivably affect feeding behavior. When mice were treated chronically with IGF-I
(subcutaneous osmotic minipump, 50 ug/kg/day), the consumption latencies measured in the
novel environment were significantly decreased in IGF-I-treated mice compared to vehicle-
treated mice (Fig. 2a). The latencies for consumption in the homecage did not differ between
IGF-I-treated and vehicle-treated mice. Homecage consumption latency is a control for feeding
behavior in a nonanxiogenic condition and the equivalent homecage consumption latencies
indicate that IGF-I treatment did not alter feeding drive. IGF-I treatment did not alter body
weight (25.4±0.4 vs. 26.6±0.5, p = 0.1, for control and IGF-I groups, respectively), providing
further evidence that IGF-I did not influence feeding. The ability of IGF-I to specifically
decrease consumption latencies in the novel environment is similar to the effect of chronic
antidepressant administration in this test [18], (Fig. 2b).

3.2. Effect of IGF-I in stress-exposed mice
We also tested the influence of IGF-I treatment in groups of mice that were exposed to a
modified CUS paradigm as an additional measure of potential antidepressant effectiveness.
IGF-I was infused at 50µg/kg/day via subcutaneous osmotic minipump, during a 2-week CUS
exposure period. Consumption of a 1% sucrose solution was measured as an index of anhedonia
at the end of the 2-week treatment period. Mice receiving peripheral administration of IGF-I
during the CUS exposure period showed increased sucrose consumption compared with
vehicle-treated mice that were also exposed to CUS (Table 1). IGF-I treatment did not alter
sucrose consumption in control mice (Table 1). This is similar to the case with antidepressant
drugs where the increase in sucrose consumption is seen in stressed but not in unstressed rodents
[55]. Although the decrease in sucrose consumption for CUS-exposed vs. non-stressed vehicle-
treated mice was not statistically significant for this CUS exposure (Table 1), the significant
increase in sucrose consumption in IGF-I-treated mice indicates an antidepressant-like effect.

3.3. BDNF and IGF-I in Brain
Peripheral administration of IGF-I could influence behavior via a number of different
pathways, including the induction of neurotrophic/growth factor expression in the brain. To
examine this possibility, levels of IGF-I and BDNF mRNA in the hippocampus and prefrontal
cortex were determined by in situ hybridization analysis of brain sections from mice that
received chronic infusions of IGF-I or vehicle. The results indicate that chronic IGF-I
administration did not significantly influence the expression of either BDNF or IGF-I mRNA
in subfields of the hippocampus (dentate gyrus granule cell layer, CA1 and CA3 pyramidal
cell layers) or in the medial prefrontal cortex (Table 2).

3.4. Effect of anti-IGF-I administration on exercise-induced antidepressant behavior
Chronic wheel-running exercise produces antidepressant-like behavior in mice and rats [22,
26]. In order to assess a contribution of peripheral IGF-I to antidepressant behavioral responses
of exercising mice, we administered an anti-IGF-I antibody to neutralize IGF-I in the periphery
in chronic wheel-running mice. This antibody has been effectively used to block peripheral
IGF-I in published reports [9,52]. In our study, groups of mice were implanted with osmotic
minipumps containing either anti-IGF-I antibody or control serum and were given chronic
access to running wheels. After chronic running wheel access, mice that received a control
serum infusion showed a significant antidepressant-like response when tested in the FST as
compared with their sedentary counterparts (Fig. 3a), in agreement with our study of exercise
in mice [22]. In contrast, exercising mice that received the anti-IGF-I antibody infusion did
not show this antidepressant-like effect and had immobility values that were not different from
sedentary mice (Fig. 3a). The immobility values of sedentary mice were not affected by anti-
IGF-I infusion indicating that peripheral IGF-I does not contribute to the baseline immobility
behavior in the FST in non-exercising mice. Locomotor activity and body weights were not
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significantly altered by exercise or by anti-IGF-I antibody treatment (Fig. 3b and c) and anti-
IGF-I antibody administration did not alter the average daily running distances of exercising
mice (data not shown). We did not assess behavior of exercising mice in the NIH paradigm
due to the potentially confounding effect of exercise on feeding and consumption parameters.

4. Discussion
The neurotrophic hypothesis of depression postulates that reductions in the expression and
function of neurotrophic/growth factors contribute to some types of depressive illness and that
antidepressant treatments act in part by reversing these decrements. Research addressing this
hypothesis has typically focused on growth factors and growth factor-mediated processes
within the brain [19]. The present study demonstrates regulation of depression-related behavior
by a peripheral growth factor, providing further support for the idea that neurotrophic
mechanisms are functionally significant to depression and extending this concept to include
growth factors in the periphery. Peripheral IGF-I was previously demonstrated to be important
to the influence of exercise on hippocampal neurogenesis and on recovery after brain injury
[9,52]. The results of the present study indicate that peripheral IGF-I can alter behavior
independent of exercise or injury and can produce antidepressant-like behavioral responses.
Additionally, the results demonstrate that peripheral IGF-I contributes to the antidepressant-
like behavioral effect of chronic exercise in a rodent model.

We found that peripheral administration of IGF-I produced antidepressant-like behavior in the
mouse models tested, indicating that IGF-I derived from sources outside the brain can have
functional behavioral consequences relevant to depression. The decreased immobility of IGF-
I-treated mice in the FST indicates an antidepressant-like effect similar to that observed with
antidepressant drugs. The decrease in immobility was not a consequence of a general increase
in activity, as IGF-I administration did not alter levels of locomotor activity determined in an
independent test. Our results are consistent with the reported antidepressant-like effect of IGF-
I following central administration and with a depressant-like effect seen in mutant mice that
are deficient in serum IGF-I [28,34,53]. We also found that peripheral IGF-I administration
resulted in a behavioral effect that is similar to that of chronic antidepressant drug treatment
in the NIH test. The NIH test displays predictive validity for the time-course of antidepressant
drugs, showing an anxiolytic response to chronic, but not to acute antidepressant
administration. The NIH test has been used to study mechanisms thought to be important to
time-dependent processes critical to antidepressant action [17,46]. The effectiveness of IGF-I
in the NIH test in the present study suggests that chronic IGF-I administration might induce
time-dependent adaptive changes similar to those induced by antidepressant treatment. These
results further suggest that peripheral IGF-I can influence behavior under conditions that are
not expected to alter blood–brain-barrier function or transport.

We also found that peripheral administration of IGF-I increased sucrose consumption in mice
exposed to CUS. Decreased sucrose consumption after CUS is thought to reflect a stress-
induced state of anhedonia, a core symptom of depression in humans, and is sensitive to chronic
but not acute antidepressant treatment [55]. Although the decrement in sucrose consumption
did not reach statistical significance in the vehicle-treated animals, the increase induced by
peripheral IGF-I compared with vehicle treatment in CUS mice is suggestive of an
antidepressant-like effect of peripheral IGF-I. Given the clinical relevance of anhedonia and
the requirement for chronic treatment for reversal of sucrose consumption deficits, the ability
of chronic peripheral IGF-I to increase sucrose consumption in stressed animals suggests an
action of IGF-I relevant to depression. Since it is likely that multiple limbic brain regions,
including the hippocampus, prefrontal cortex, and nucleus accumbens, are involved in the
behavioral models tested, it will be interesting in future studies to examine which of these
regions are important in the actions of IGF-I.

Duman et al. Page 6

Behav Brain Res. Author manuscript; available in PMC 2009 August 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Our study also demonstrates a role for IGF-I in the antidepressant effects of exercise. For these
studies we used an anti-IGF-I antibody that binds to and neutralizes IGF-I, thereby preventing
the entrance of IGF-I into brain. We confirmed that this antiserum effectively recognized IGF-
I by Western blot analysis (D. Russell, unpublished observation). Moreover, this approach has
been verified by previous studies showing that the IGF-I antiserum used in the current report
inhibits the interaction of IGF-I with it’s receptor in neuronal culture and blocks the exercise-
induced increase in IGF-I labeling in brain [9,52]. In the present study, peripheral
administration of anti-IGF-I antibody blocked the effect of chronic exercise in the FST,
indicating a requirement for peripheral IGF-I in this antidepressant-like behavior in wheel-
running mice.

Exercise-induced enhancement of BDNF in the hippocampus has been shown to depend on
serum IGF-I, in experiments that used the anti-IGF-I antibody approach [11]. Because
hippocampal BDNF can promote antidepressant behavioral responses [48], this suggests the
possibility that an IGF-I-hippocampal BDNF interaction could be involved in the
antidepressant effect of exercise. In contrast, a recent study reported that mutant mice deficient
in serum IGF-I were still responsive to the antidepressant-like effect of exercise in the FST
[53]. It is possible that the mutant mice could have changes in the periphery or in brain that
functionally compensate for the deficiency in serum IGF-I. Our data in combination with
studies that demonstrated blockade of exercise-induced neurogenesis and neuroprotection after
similar anti-IGF-I antibody administration implicate peripheral IGF-I as important to brain
processes that are affected by exercise and involve neuroplasticity [9,52].

In addition to increasing IGF-I uptake into the brain, exercise has been shown to increase the
IGF-I mRNA expression in hippocampus [8,15]. It is possible that the effects of peripheral
IGF-I could be mediated, in part, by induction of the central expression of this, or another
growth factor. In the current study, we found that peripheral IGF-I administration did not
influence the expression of IGF-I mRNA in the prefrontal cortex or subfields of the
hippocampus. In addition, IGF-I administration did not influence the expression of prefrontal
or hippocampal BDNF, which has been associated with behavioral actions of antidepressants
[20]. Our studies indicate that the actions of peripheral IGF-I may not be mediated by central
induction of IGF-I or BDNF, although the possibility of central induction of other neurotrophic/
growth factors requires further study. It is also possible that the actions of peripheral IGF-I
occur via regulation of other factors in peripheral tissues or regulation of metabolic processes.
This point highlights the requirement for additional studies to elucidate the functional
importance of central vs. peripheral actions of IGF-I to the behavioral changes induced by
exercise.

The influence of IGF-I on function in exercising animals could be related to exercise-induced
alterations in blood–brain-barrier parameters. Similarly, it is possible that the influence of IGF-
I on recovery after brain injury is facilitated by alterations of the blood–brain-barrier and
transport processes, in this case resulting from the injury [24,44]. However, the current study
also shows behavioral effects of peripherally administered IGF-I in an otherwise undisturbed
physiological condition. We were able to detect recombinant IGF-I in brain after peripheral
administration, suggesting that IGF-I entry into the brain can occur under normal physiological
conditions and could contribute to the behavioral effects observed.

The uptake of IGF-I into the CNS and the mechanisms underlying this process have been the
subject of several studies. Saturable transport of IGF-I at the blood–brain-barrier and megalin-
mediated transport of IGF-I in the choroids plexus have been reported [10,39,43]. These
findings provide evidence for mechanisms that could potentially underlie the ability of
peripherally administered IGF-I to enter the brain and produce behavioral responses in the
models tested in the current study. Although speculative, it is interesting to consider the
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possibility that in some cases, depression as well as other disorders could result from
dysfunction of the peripheral expression and/or transport of IGF-I into the brain.

Therapeutic use of IGF-I administration may have relevance in the context of age-related
deficits. Effectiveness of growth hormone/IGF-I replacement strategies has been shown for
age-related reductions in hippocampal neurogenesis and cognitive function in pre-clinical
studies [30,35,49]. The therapeutic use of IGF-I in neurodegenerative disease has also received
attention [16,45,51]. Such findings raise the possibility of a novel therapeutic approach for
depression that might be particularly relevant for IGF-I-deficient individuals.
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Fig. 1.
Peripheral IGF-I administration results in an antidepressant-like behavioral response in the
forced-swim test (FST). IGF-I (50 ug/kg/day) was administered subcutaneously via osmotic
minipump for 14 days. (A) IGF-I-treated mice showed decreased immobility in the FST
compared with mice that received similar administration of vehicle. Student’s t-test, *p = 0.01,
n = 9–10. (B) Antidepressant response to desipramine in the FST is shown for comparison.
Desipramine (DMI) (20 mg/kg, i.p.) was administered in a single acute dose 30 min prior to
test. Student’s t-test, *p = 0.01, n = 8/group. (C) Baseline locomotor activity of IGF-I-treated
mice was not different from the activity of control mice. Horizontal distance traveled was
measured by video tracking in standard mouse cages. Bars represent the mean±SEM for each
experiment.
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Fig. 2.
Peripheral IGF-I administration results in an antidepressant-like behavioral response in the
novelty-induced hypophagia test (NIH). IGF-I (50µg/kg/day) was administered via osmotic
minipump (s.c.). (A) Chronic IGF-I treatment resulted in decreased NIH. IGF-I-treated mice
had significantly decreased consumption latencies in the novel environment compared with
control mice when tested after 13 days of IGF-I treatment. Student’s t-test, *p = 0.03, n = 7–
9. Consumption latencies in the home cage environment were not significantly different for
vehicle- and IGF-I-treated mice. (B) Response to fluoxetine treatment in the novelty-induced
hypophagia test is shown for comparison. Fluoxetine (20 mg/kg/day) was administered in the
drinking water during a 21-day period of chronic mild stress exposure. Student’s t-test, +p =
0.07, n = 7–8/group.
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Fig. 3.
Anti-IGF-I antibody administration blocks the antidepressant-like effect of chronic exercise in
the forced-swim test (FST). (A) Exercising mice given free access to running wheels in their
home cages for 4 weeks show an antidepressant-like decrease in immobility and this effect is
blocked in exercising mice that concurrently received continuous peripheral anti-IGF-I
infusion. ANOVA: F(3, 58) = 2.72, p = 0.05. Fisher’s protected least significant difference
(PLSD) post-hoc test: *p = 0.04 vs. sedentary control and p = 0.01 vs. exercise + anti-IGF-I.
Bars represent the mean±SEM from two separate experiments, n = 15–16/group. (B) Body
weights and (C) baseline locomotor activity were not significantly altered by exercise or by
anti-IGF-I treatment. Bars represent the mean±SEM from two separate experiments, n = 15–
16/group.
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Table 1
Sucrose consumption (ml/kg body weight) following chronic mild unpredictable stress (CUS) exposure.

Chronic minipump infusion

Vehicle IGF-I

Control 82 ± 4 84 ± 3

CUS 73 ± 6* 89 ± 3**

*
p = 0.1 vs. vehicle-treated control, n = 6–7/group.

**
p = 0.007 vs. vehicle-treated CUS, n = 6–7/group.
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Table 2
Levels of IGF-I or BDNF mRNA following chronic IGF-I administration.

BDNF mRNA IGF-I mRNA

Vehicle IGF-I Vehicle IGF-I

CA1 100 ± 4 94 ± 4 100 ± 10 91 ± 7

CA3 100 ± 5 100 ± 8 100 ± 8 91 ± 8

DG 100 ± 4 93 ± 5 100 ± 12 97 ± 7

PFC 100 ± 10 79 ± 20 100 ± 8 94 ± 6

Levels of IGF-I or BDNFmRNAwere determined by in situ hybridization analysis. The results are expressed as percent of vehicle and are the mean±S.E.M
(n = 5/group).
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