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Hippocampal Astrocytes are Necessary for Antidepressant Treatment
of Learned Helplessness Rats

Masaaki Iwata,’ Yukihiko Shirayama,z* Hisahito Ishida,’ Gen-i. Hazama,!
and Kazuyuki Nakagome'

ABSTRACT:  The astrocyte is a major component of the neural net-
work and plays a role in brain function. Previous studies demonstrated
changes in the number of astrocytes in depression. In this study, we
examined alterations in the number of astrocytes in the learned help-
lessness (LH) rat, an animal model of depression. The numbers of acti-
vated and nonactivated astrocytes in the dentate gyrus (molecular layer,
subgranular zone, and hilus), and CA1 and CA3 regions of the hippo-
campus were significantly increased 2 and 8 days after attainment of
LH. Subchronic treatment with imipramine showed a tendency
(although not statistically significant) to decrease the LH-induced incre-
ment of activated astrocytes in the CA3 region and dentate gyrus. Fur-
thermore, subchronic treatment of naive rats with imipramine did not
alter the numbers of activated and nonactivated astrocytes. However,
the antidepressant-like effects of imipramine in the LH paradigm were
blocked when fluorocitrate (a reversible inhibitor of astrocyte function)
was injected into the dentate gyrus or CA3 region. Injection of fluoroci-
trate into naive rats failed to induce behavioral deficits in the condi-
tioned avoidance test. These results indicate that astrocytes are respon-
sive to the antidepressant-like effect of imipramine in the dentate gyrus
and CA3 region of the hippocampus. © 2010 Wiley-Liss, Inc.
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INTRODUCTION

Depression is related to neuroplasticity, including neurotrophins, cell
proliferation, dendritic branching, and synaptogenesis. Neuroplasticity
involves the interaction between astrocytes and neurons (Haber et al.,
2006). Astrocytes provide trophic support for neurons, neuronal migra-
tion, and inflammatory processes for maintenance of the neural network.
Thus, astrocytes provide neurons with glutamine for the synthesis of glu-
tamate or y-aminobutyric acid (GABA) and contribute to the removal
of glutamate released during neuronal activity (Willoughby et al., 2003).
Astrocytes enhance synaptic activity and promote synaptogenesis (Slezak
and Pfrieger, 2003). Astrocytes regulate potassium and calcium during
and after stress (Lian and Stringer, 2004). To maintain homeostasis,
astrocytes respond to neuroactive compounds including neurotrans-
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mitters, neuropeptides, growth factors, cytokines,
small molecules, and toxins (Barres et al., 1990; Hosli
and Hosli, 1993). Therefore, it is likely that astrocytes
play a role in the mechanism of depression.

Postmortem brains of depressed patients demon-
strated neuropathological changes in the prefrontal
cortex and hippocampus (reviewed by Harrison,
2002). Reductions in the number of astrocytes in the
prefrontal cortex (Ongur et al., 1998, Rajkowska
et al, 1999, Miguel-Hidalgo et al, 2000, Cotter
et al., 2002), amygdala (Bowley et al., 2002), and hip-
pocampus (Miiller et al., 2001) in depression were
reported. These changes may contribute to the reduc-
tion in volume of the hippocampus and dysfunction
of neuronal circuits in major depression (reviewed by
Rajkowska et al., 1999).

The hippocampus is a candidate site for the
impaired functions associated with depression (Duman
et al,, 1997). It is well documented that patients with
depression show a reduction in hippocampal volume
(Sheline et al., 1996; Bremner et al., 2000). Among
the causes, reduction in hippocampal volume could be
due to decreases in neurotrophic factors or neurogene-
sis (Pezawas et al., 2004; David er al., 2009).

The learned helplessness (LH) paradigm is an ani-
mal model of depression (Seligman and Beagley,
1975). In this paradigm, an animal is initially exposed
to uncontrollable stress. When the animal is later
placed in a situation in which shock is controllable
(escapable), the animal has a difficulty in acquiring the
escape responses. Thus, LH animals showed increased
numbers of escape failures in a two-way conditioned
avoidance test. This escape deficit is reversed by
chronic antidepressant treatment (Shirayama et al.,
2002; Iwata et al., 2006).

In this study, we investigated the role of astrocytes
in the hippocampus of LH rats using immunohisto-
chemical methods and behavioral studies. We exam-
ined the effects of LH training on the number of acti-
vated and nonactivated astrocytes as reflected by the
number of glial fibrillary acidic protein (GFAP: a
marker of astrocytes) positive cells in the hippocam-
pus. Activated astrocytes are characterized by cellular
hypertrophy. Next, we examined the effects of sub-
chronic treatment with imipramine on the number of
GFAP-positive cells in the hippocampus of LH rats.
Finally, we examined the effects of infusion of fluoro-
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citrate (a reversible inhibitor of astrocyte function) into the hip-
pocampus of LH rats on the antidepressant-like effects of
imipramine. Fluorocitrate is uploaded into astrocytes and
impairs TCA cycle. We chose the dose and time course of fluo-
rocitrate injection on a basis of a previous study demonstrating
that astrocyte almost recovered at 24 h after injection of fluoro-
citrate and high concentration of fluorocitrate has a possibility
to cause irreversible damage to astrocyte (Paulsen et al., 1987).

_ MATERIALS AND METHODS
Animal and Treatments

Animals-use procedures were in accordance with the Tottori
University Guide for the Care and Use of Laboratory Animals
and were approved by the Tottori University Animal Care and
Use Committee. Male Sprague Dawley rats (250-300 g) were
used. The animals were housed under a 12 h light/dark cycle
with free access to food and water.

Fluorocitrate was dissolved in 0.1 M HCI, precipitated by
addition of a few drops of 0.1 M Na,SOy, then buffered with
0.1 M Na,HPOy and centrifuged at 1,000g for 5 min, and the
supernatant was diluted with 0.9% saline.

Learned Helplessness Paradigm

LH behavioral tests were performed using the Gemini Avoid-
ance System (San Diego, CA). This apparatus has two com-
partments divided by a retractable door. On days 1 and 2, rats
were subjected to 60 inescapable electric foot shocks (0.65 mA,
30 s duration, averaging 2040 s). On day 3, a two-way condi-
tioned avoidance test was performed as a post-shock test to
determine if the rats showed the predicted escape deficits. This
screening session consisted of 30 trials in which electric foot
shocks (0.65 mA, 6 s duration, at random intervals [mean of
30 s]) was preceded by a 3 s conditioned stimulus tone that
remained on until the shock was terminated. Rats with more
than 20 escape failures in the 30 trials were regarded as having
reached criterion. Approximately 65% of the rats reached this
criterion. For antidepressant treatment, LH rats or naive rats
were treated with imipramine (20 mg/kg, i.p., once daily) or
saline for 7 days (from day 4 to day 10).

Rats were anesthetized with pentobarbital sodium solution
(50 mg/kg, intraperitoneal injection, Abbott Laboratories) and
surgery was performed using a stereotaxic apparatus (Narishige,
Tokyo). Rats received bilateral microinjection of fluorocitrate
(0.1 or 0.5 nmol/side) or 0.9% saline on day 4 and day 7 (two
times, first and forth days during antidepressant treatment for
7 days) because disruption of astroglial metabolism by fluoroci-
trate lasts for more than 24 h (Paulsen et al., 1987). A total
volume of 1.0 pl was infused into each side of hippocampal
regions over 15 min and the injection syringe was left in place
for an additional 5 min to allow for diffusion. The coordinates
for the dentate gyrus (DG) and CA3 relative to the bregma
according to the atlas of Paxinos and Watson (1997) were as
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FIGURE 1. A schematic representation of microinjection sites
within the CA3 region of hippocampus (A) and the dentate gyrus
of hippocampus (B).

follows: —3.8 anteroposterior (AP), *2.0 lateral, —3.2 dorso-
ventral (DV) from dura (DG); and —3.6 AP, *3.8 lateral,
—3.0 DV from dura (CA3). The placements of injection can-
nula in the hippocampus are shown in Figure 1. On day 11, a
two-way conditioned avoidance test was performed.

Immunohistochemistry

We performed three experimental procedures. In one, rats
were killed two days after the acquisition of LH (Experiment
1). Next, LH rats were killed 24 h after subchronic treatment
with imipramine for 7 days (Experiment 2). In addition, naive
rats were killed 24 h after subchronic treatment with imipr-
amine for 7 days (Experiment 3).

All rats were placed under deep pentobarbital anesthesia (50
mg/kg, i.p.) and killed via intracardial perfusion with 4% para-
formaldehyde in 0.1 M PBS, pH 7.4. Brains were removed,
postfixed overnight in the same fixative at 4°C, and stored at
4°C in 30% sucrose. Serial coronal sections of the brains were
cut (35 pm sections) on a Microslicer® (DTK-1000, Dosaka
EM, Kyoto, Japan), and sections were stored at 4°C in 0.1 M
PBS containing 0.1% sodium azide.

GFAP immunohistochemistry was investigated as described
below. Free-floating sections were washed three times for 5 min
in 0.1 M PBS and then incubated for 10 min in 0.1 M PBS
containing 0.6% hydrogen peroxide to eliminate endogenous
peroxidases. After washing three times for 5 min in 0.1 M
PBS, sections were then incubated for 1 h in 0.1 M PBS con-
taining 2% bovine serum albumin (BSA), 5% normal goat se-
rum, and 0.2% Triton X-100 for blocking. For GFAP immu-
nostaining, a primary GFAP mouse monoclonal antibody
(1:1,000; Chemicon, Temecula, CA) was used. The secondary
antibody was biotinylated horse antimouse (Vector Laborato-
ries, Burlingame, CA). Amplification was done with an avidin-
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biotin complex (Vectastain Elite ABC kit; Vector Laboratories)
and was visualized with DAB (Vector Laboratories).

Three slices of the same region of the hippocampus were
selected, and the number of GFAP-positive astrocytes per
square on both sides (6 sites) was counted. Star-shaped astro-
cytes were visualized by GFAP immunostaining in the dentate
gyrus (molecular layer, subgranular zone, and hilus), and CA3
and CALI regions of the hippocampus (Fig. 2). Astrocytes were
classified as activated or nonactivated astrocytes by measuring
the size of the cell body, and the length and thickness of the
dendrites was calculated (Fig. 3). Reactive astrocytes are recog-
nized by GFAP labeling and extended lengths of processes
(Viola et al., 2009). We differentiated activated astrocytes from
nonactivated astrocytes mainly by dimension rather than by

Control

Learned helplessness

DG

DG

CA3

FIGURE 2. GFAP immunostaining in the hippocampus. GCL,
granule cell layer; ML, molecular layer; PCL, pyramidal cell layer;
SGZ, subgranular zone; SR, stratum radiatum; SO, stratum oriens.
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length of longest process. The numbers of activated astrocytes
and the combined activated and nonactivated astrocytes were
counted.

Date Analysis

Statistical differences among more than three groups were
estimated by a one-way ANOVA, followed by Scheffe’s test.
For comparison of the mean values between the two groups,
statistical evaluation was done using the two-tailed Student’s
#test. The criterion of significance was P < 0.05.

RESULTS

Increased Number of Activated Astrocytes after
Attainment of LH and Attenuating Effects of
Imipramine

The numbers of activated astrocytes were significantly
increased in the CAl, molecular layer, subgranular zone, hilus,
and CA3 regions 2 and 8 days after the attainment of LH
(Fig. 4). The magnitude of the change in the number of acti-
vated astrocytes was bigger 8 days after the attainment of LH
than 2 days after (Fig. 4). However, subchronic treatment with
imipramine showed a tendency (although not statistically sig-
nificant) to decrease the LH-induced increment rate of acti-
vated astrocytes at the subgranular zone (P = 0.054), hilus
(P = 0.085), and CA3 region (P = 0.074). Furthermore, sub-
chronic treatment of naive rats with imipramine did not alter

the numbers of activated astrocytes in the regions examined
(Fig. 4).

Combined Numbers of Activated and
Nonactivated Astrocytes After Attainment of
LH and Effects of Imipramine

Significant increases in the total numbers of both activated
and nonactivated astrocytes were found in the CAl and CA3
regions, but not in the molecular layer, subgranular zone, and
hilus two days after the atrainment of LH (Fig. 5). The total
numbers of both activated and nonactivated astrocytes were sig-
nificantly increased in all regions examined 8 days after the
attainment of LH (Fig. 5). Furthermore, subchronic treatment
with imipramine did not alter the combined numbers of either
activated or nonactivated astrocytes in LH rats (Fig. 5). Addi-
tionally, subchronic treatment of naive rats with imipramine
did not alter the total numbers of activated or nonactivated
astrocytes in the regions examined (Fig. 5).

Effects of Inhibition of Hippocampal Astrocyte
Function of LH Rats on Conditioned
Avoidance Test

The antidepressant-like effects of imipramine were signifi-
cantly blocked in the LH paradigm when fluorocitrate was
injected into the dentate gyrus (Fig. 6). Similarly, the antide-
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Representative images of GFAP immunoreactive activated (A) and nonactivated

(B) astrocytes. Scale bar: 25 pm. The lengths of the longest processes (C) and dimensions (D)
of activated and nonactivated astrocytes are indicated. The results are expressed as mean *
SEM. Sample number = 10. **P < 0.01 when compared with controls (Student’s ¢-test).

pressant-like effects of imipramine were significantly blocked
when fluorocitrate was injected into the CA3 region of the
hippocampus (Fig. 7). Meanwhile, injection of fluorocitrate
into the dentate gurus or CA3 region of naive rats failed to
induce behavioral deficits in the conditioned avoidance test

(Figs. 6 and 7).

DISCUSSION

The main finding of this study was that the numbers of acti-
vated astrocytes and the combined numbers of activated and
nonactivated astrocytes were increased in the regions examined
2 and 8 days after the attainment of LH. Thus, LH continued
to activate and induce astrocytes. This result was in a good
agreement with previous studies. For example, repeated immo-
bilization stress increased aB-crystallin, which is localized in
astrocytes and increases in reactive astrocytes, in the hippocam-
pus through activation of astroglia (Yun et al., 2002). Chronic
restraint stress increased glia-specific excitatory amino acid
transporter (GLT-1) in the dentate gyrus and CA3 region of

Hippocampus

the hippocampus (Reagan et al., 2004). Subchronic treatment
of amphetamine, which induces not only pleasure but also
stress, including supersensitivity, increased GFAP levels in the
rat hippocampus (Frey et al., 2006). Chronic unpredictable
stress increased levels of immunoreactivity of GFAP in the ven-
tral tegmental area (Ortiz et al., 1996). Therefore, the LH con-
dition and repeated stress produce similar glial changes in the
brain.

The prevailing view about the response of astrocytes to
injury is that the appearance of reactive astrocytes impedes the
regenerative process of scar tissue formation. Therefore, the
increases in the numbers of activated and nonactivated astro-
cytes 2 and 8 days after the attainment of LH are associated
with impairments in neuronal function, which may be the
cause of LH. However, it is likely that astrocytes play a role in
neuroprotection and the regenerative process after neuronal
impairment (Eddleston and Mucke, 1993). Cytokine-stimu-
lated astrocytes promoted the recovery of CNS function
(Liberto et al,, 2004). Thus, the LH paradigm induced
increases in the number of activated and nonactivated astro-
cytes, which could be a compensatory response to stress. In
support of this, environmental enrichment, which increases
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The numbers of activated astrocytes
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FIGURE 4. The number of activated astrocytes in the CAl,

granule cell layer, hilus and CA3 regions of hippocampus of LH
rats and effect of antidepressant drug. (A) # = 2.145, P = 0.0487;
(B) t = 4.618, P = 0.0003; (C) ¢ = 5.360, P = 0.0001; (D) ¢ =
2.661, P = 0.0178; (E) r = 2.55, P = 0.0222; (F) F(2,24) =
4.821, P = 0.0174; (G) F(2,24) = 3.732, P = 0.0388; (H)
F(2,24) = 5.292, P = 0.0125; (I) F(2,24) = 23.26, P < 0.0001;
() F(2,24) = 6.190, P = 0.0068. (K) < 0.001, P > 0.9999; (L)
t = 029, P = 09775 (M) ¢t = 1.243, P = 0.2603; (N)
t = 0.171, P = 0.8696; (O) z = 0.234, P = 0.8225. *P < 0.05;
P < 0.01 when compared with controls (Student’s #test or
ANOVA followed by Scheffe’s test).

neurogenesis in the hippocampus, produced an increase in the
ramification of astrocytic processes and the number and length
of primary processes extending in the hippocampus (Viola
et al., 2009). Furthermore, an increase in the number of
GFAP-labeled astrocytes was seen in the cingulate of postpar-
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tum rats (Salmaso et al., 2009). Therefore, an alternative expla-
nation may be that neuroplasticity including nerve growth,
neuroprotection, and regeneration requires astrocytes.

However, other animal studies showed contrasting results.
For example, a significant deficit in GFAP-immunoreactive cells
was found in the prefrontal cortex, amygdala, and hippocam-
pus in the Wistar-Kyoto rat strain (a model of depression)

The combined numbers of activated and nonactivated astrocytes
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FIGURE 5. The combined number of both activated and non-

activated astrocytes in the CAl, granular cell layer, hilus and CA3
regions of the hippocampus of LH rats and effects of antidepres-
sant drug. (A) £ = 3.769, P = 0.0019; (B) ¢z = 2.090, P =
0.0541; (C) ¢ = 0.823, P = 0.4236; (D) ¢z = 0.610, P = 0.5508;
(E) t = 3.447, P = 0.0036; (F) F(2,24) = 5.541, P = 0.0105; (G)
F(2,24) = 4.042, P = 0.0307; (H) F(2,24) = 42.545, P < 0.0001;
(D) F2,24) = 45749, P < 0.0001; (J) F(2,24) = 13.822, P =
0.0001. (K) z = 0.646, P = 0.5422; (L) z = 0.410, P = 0.6940;
M) t = 1.014, P = 0.3498; (N) # = 0.314, P = 0.7643; (O): t =
0.149, P = 0.8864. *P < 0.05; **P < 0.01 when compared with
controls (Student’s #-test or ANOVA followed by Scheffe’s test).
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FIGURE 6. Effects of injection of fluorocitrate into the DG of

the hippocampus of LH rats receiving imipramine in the condi-
tioned avoidance test. Escape failure number and latency to escape
were determined. The results are expressed as mean * SEM.
Shown on the right are the results of fluorocitrate-injection into
imipramine-treated normal rats for comparison. Left top, F(3,32)
= 10.554, P < 0.0001; left bottom, F(3,32) = 10.140, P <
0.0001; right top, F(2,27) = 0.212, P = 0.8104; right bottom,
F(2,27) = 0.060, P = 0.9415. *P < 0.05 when compared with
controls (saline+saline-treated LH rats) (ANOVA followed by
Scheffe’s test). P < 0.05 when compared with imipramine-treated
LH rats (ANOVA followed by Scheffe’s test). Fc, fluorocitrate; IMI,
imipramine; Sal, saline

(Gosselin et al., 2009). Chronic psychosocial stress decreased
both the number and somal volume of astroglia in the hippo-
campus (Czéh et al., 2006). Furthermore, glial loss in the pre-
frontal cortex induced depressive-like behaviors (Banasr and
Duman, 2008). The precise function of astrocytes needs to be
established.

The above discrepancy could be explained by Selye’s defini-
tion of stress as a response to any demand that produces three
stages (alarm, resistance and exhaustion). Our working hypoth-
esis is that astrocytes first respond to alarm, and then become
activated, or new astrocytes are induced to increase the num-
bers at the stage of resistance, and finally astrocytes tire and the
numbers of astrocytes decrease at the stage of exhaustion. The
increase in the numbers of activated and nonactivated astrocytes
in the present study could be considered as a resistant and
compensatory mechanism, which is distincr from the final
reduction in the number of astrocytes, although this is specula-
tion. Further studies are needed to elucidate this hypothesis.

The next finding is that the reversible impairment of astrocyte
function by infusion of fluorocitrate into the dentate gyrus or

Hippocampus

CA3 region of LH rats blocked the antidepressant-like effects of
subchronic treatment with imipramine on the conditioned active
avoidance test. Fluorocitrate specifically and reversibly disrupts
astroglial metabolism by blocking aconitase, an enzyme integral
to the TCA cycle (Paulsen et al., 1987; Hassel et al., 1994;
Willoughby et al., 2003). We can assume various mechanisms.
First, there is a possibility that the blockade of glutamate uptake
and glutamine synthesis lead increased extracellular glutamate
levels and decreased extracellular glutamine levels, interrupting
the antidepressant effect of imipramine. In support, treatment
with antidepressants reduced the serum levels of glutamate, and
increased the serum levels of glutamine in major depression
patients (Maes et al., 1998). Future study will be needed to eluci-
date the mechanism of glutamine in the effects of antidepres-
sants. Second, the impairment of astrocytes may increase extracel-
lular serotonin levels like antidepressant drugs because antide-
pressant drugs inhibit a glial serotonin transporter in the rat
brain, increasing extracellular serotonin levels (Bel et al., 1997).
It is likely that increases in extracellular serotonin levels remind
us of selective serotonin reuptake inhibitor (SSRI) type of antide-
pressants. However, the present study demonstrated that inhibi-
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FIGURE 7.  Effects of injection of fluorocitrate into the CA3

region of the hippocampus of LH rats receiving imipramine on con-
ditioned avoidance test. Escape failure number and latency to escape
were determined. The results are expressed as mean * SEM. Shown
on the right are the results of fluorocitrate-injection into imipr-
amine-treated normal rats for comparison. Left top, F(3,32) =
10.140, P < 0.0001; left bottom, F(3,32), P < 0.0001; right top,
F(2,14) = 0.132, P = 0.8778; right bottom F(2,14) = 0.199, P =
0.8222. **P < 0.01 when compared with controls (saline+saline-
treated LH rats) (ANOVA followed by Scheffe’s test). P < 0.05
when compared with imipramine-treated controls (ANOVA followed
by Scheffe’s test). Fc, fluorocitrate; IMI, imipramine; Sal, saline.
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tion of astrocytes function blocks the beneficial effects of antide-
pressant drugs on the LH paradigm. Thus, serotonin would be
irrelevant for the effects of fluorocitrate. Finally, astrocytes secrete
physiologically active agents including brain-derived neurotro-
phic factor (BDNF) and glial cell line-derived neurotrophic fac-
tor (GDNF) (Chen et al., 2006). It is well documented that infu-
sion of BDNF into the hippocampus produced antidepressant-
like effects (Shirayama et al., 2002) and that antidepressants
treatment increased GDNF mRNA and GDNEF release, promot-
ing neuronal survival and protection from the damaging effects
of stress (Hisaoka et al., 2001). Meanwhile, L-deprenyl, an inhib-
itor of monoamine oxidase B, which is predominantly localized
in astrocytes, potentiates the reaction of astrocytes to mechanical
lesions, and increases basic fibroblast growth factor (bFGF) pro-
duction (Biagini et al., 1994). Furthermore, intracerebroventricu-
lar administration of FGF2 exerted antidepressant-like effects
(Turner et al., 2008). Taken together, BDNF, GDNF, and FGF
could play an important role in antidepressant effects of imipr-
amine. Future study needs to elucidate the relationships of anti-
depressant drugs with glutamine, BDNE, GDNE, and FGF in
astrocytes.

In conclusion, the numbers of activated and nonactivated
astrocytes were significantly increased in the hippocampus after
the attainment of LH. Subchronic treatment with imipramine
showed a tendency (although not statistically significant) to
decrease the numbers of activated astrocytes at the subgranular
zone, hilus, and CA3 region. However, subchronic treatment of
naive rats with imipramine failed to induce changes in the
numbers of astrocytes. Finally, the antidepressant-like effects of
imipramine were significantly blocked in the LH paradigm
when fluorocitrate was injected into the dentate gurus or CA3
region, whereas injection of fluorocitrate into naive rats failed
to induce behavioral deficits in the conditioned avoidance test.
These results suggest that hippocampal astrocytes contribute to
the pathophysiology of depression.
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ABSTRACT

The main aim of this study is to demonstrate the feasibility and efficacy of a Neuropsychological Educational
Approach to Cognitive Remediation (NEAR) in Japan. This multi-site study used a quasi-experimental design.
Fifty-one patients with schizophrenia or schizoaffective disorder participated. The NEAR program consisted of
two 1-h computer sessions per week and an additional group meeting session lasting 30 to 60 min once a
week. The subjects completed 6 months of NEAR sessions before being assessed. Moreover, taking into
consideration the possible practice effect, we assessed 21 control patients twice with an interval of 6 months.
We assessed cognitive function by using the Japanese version of the Brief Assessment of Cognition in
Schizophrenia (BACS-J). Consequently, the NEAR group showed significant improvement in overall cognitive
function, and in comparison with the control group, these findings were generally similar except for motor
speed. Although the present study has its limitations, it demonstrates that the NEAR is feasible in Japan as well
as it is in Western countries.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

It is widely accepted that cognitive dysfunction in schizophrenia
plays a major role in determining social function (Green et al., 2000).
Although there have been numerous reports that indicate the
effectiveness of atypical antipsychotics (AAPs) on cognitive function,
the size of the effect of AAPs is generally about 0.2-0.5 standard
deviations (5.D.) (Woodward et al., 2005; Keefe et al., 2007), while the
extent of cognitive dysfunction in schizophrenia is about 1-1.5 S.D.
below the level of healthy populations (Bilder et al., 2000; Heinrichs,
2004). To bridge this gap, other treatment methods, such as cognitive
remediation, have been considered in Western countries.

InJapan, the “Services and Supports for Persons with Disabilities Act”
was established in 2006. Although disabled persons' employment,
deinstitutionalization, and socialization were promoted by this law,
there are actually many people with psychiatric illnesses, including
patients with schizophrenia, who still suffer from social dysfunction.
With the aim of alleviating the many difficulties that patients encounter
in their lives, cognitive remediation therapy for patients with

* Corresponding author at: Yowa Hospital, 3-5-1, Kamigoto, Yonago, Tottori 683~
0841, Japan. Tel.: +81 859 29 5351; fax: -+ 81 859 29 7179.
E-mail address: ikezawa_s@yowakai.com (S. Ikezawa).

0165-1781/$ - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.psychres.2011.07.020

schizophrenia has gradually been launched in Japan (Nemoto et al,
2009).

We have become interested in one of the cognitive remediation
therapies, namely, a Neuropsychological Educational Approach to
Cognitive Remediation (NEAR) (Medalia and Freilich, 2008; Medalia
et al, 2009), which is theoretically based on neuropsychology,
educational psychology, learning theory, and cognitive psychology.
After participating in 1-week clinician training for NEAR, we started
implementing NEAR in Japan. NEAR is an evidence-based approach to
cognitive remediation specifically developed for use with psychiatric
patients. NEAR is a group-based treatment that provides a positive
learning experience to each and every client, to promote independent
learning, and to promote optimal cognitive function in everyday life.
Sessions are structured in a way to enhance intrinsic motivation and
learning. The main aim of this study is to demonstrate the feasibility and
efficacy of NEAR in Japan by assessing its effectiveness on cognitive
function using neuropsychological indices as a primary endpoint.

2. Methods

This multi-site study used a quasi-experimental design. All participants were recruited
from five psychiatric hospitals in the western region of Japan called the 'San-in’ district
and exposed to NEAR in each hospital. All participants were recruited on the basis of
consecutive referrals.
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Table 1

Baseline demographic variables.

NEAR group Control group
Number of patients
Sch: Schizophrenia Sch: 48 Sch: 21
SchAf: Schizoaffective disorder SchAf: 3 SchAf: 1
Gender Male: 31, Female: 20  Male: 14, Female: 8
Mean age 36.1:4:10.6 y.0. 41.1+124yo0.
Years of education 13.54+2.5 years 12.54+2.6 years
Duration of illness 13.84-9.8 years 16.1410.8 years
Age at onset of illness 2234 6.6 y.0. 226+63y.0.
Total number of hospitalizations 2.843.1 times 4,6+ 5.2 times
Total months of hospitalization 194 + 294 Months 39.3 4 65.8 months
Mean dosage of antipsychotics
(Chlorpromazine equivalent dose) ~ 634.5+£364.9 mg/day 699.2 + 569.2 mg/day
Treatment settings QOutpatients: 42 Outpatients: 12
(Outpatient or inpatient) * Inpatients: 9 Inpatients: 10
NEAR attendance rate 0.90+0.11
BACS-] z score; Verbal memory™ -1.094+0.92 —2.004+1.05
BACS-] z score; Working memory —-0.95+095 —1.30+1.08
BACS-J z score; Speed ~1.60+137 —2254+174
BACS-J z score; Verbal fluency —0.47+£1.00 —0.71+0.89
BACS-] z score; Attention and speed —1.24+0.88 —1.5640.77
of information processing

BACS-] z score; Executive function —0.57+1.42 —-1.5642.15
[EX]** —0.7940.59 —1.104+£0.59
BACS-] composite score** —1.6541.27 -2.614+151

* p<0.05 Fisher's exact test.
** p<0.05 Student's t test.
[EX] = —log[2 — (Executive function BACS-] z score)].

2.1. Subjects (Table 1)

After a complete explanation of the study, informed consent was obtained from the
participants. The protocol of this study was approved by the Ethics Committee of
Tottori University. Inclusion criteria were outpatients or inpatients (a) with a diagnosis
of schizophrenia or schizoaffective disorder made by two experienced psychiatrists
according to DSM-IV-TR criteria, (b) between 13 and 65 years old, (c) able tosit fora 1-
hour session, (d) willing to participate in the study, and (e) being recommended by
their doctors. Exclusion criteria were patients (a) with active substance or alcohol
abuse or having left a detoxification program within the last month, or (b) with
traumatic head injury within the past 3 years.

Sixty-two patients were referred to the program, and 11 dropped out at the
midway point (the dropout rate was 17.4%). Among these 11 patients, five patients
dropped out owing to a lack of motivation and five patients dropped out because of
relapse of psychotic symptoms. One patient found a job and left the program. Six of the
patients who withdrew left the program within the first half of the 6-month trial

Table 2
Sample educational computer software used in the computer sessions.

Finally, 51 patients with schizophrenia or schizoaffective disorder completed the NEAR
program. The NEAR program consisted of two 1-h computer sessions per week and an
additional group meeting session lasting 30 to 60 min once a week. The subjects
completed approximately 6 months before the program’s efficacy was assessed.

Moreover, we assessed 22 control patients twice with an interval of 6 months,
taking into consideration a possible practice effect, which may have affected the scores
of neuropsychological tests. They did not receive any cognitive training program
including NEAR. As for the clinical backgrounds, the treatment settings were
significantly different between the two groups, with more inpatients being included
in the control group than in the NEAR participant group.

In each computer session, patients engaged with some educational computer software
that was related to various domains of cognitive function, including attention, memory,
and executive function, taking into account the profiles of the patients’ cognitive
impairments. The software available in Japan is not identical to that in Western countries;
however, it appeared to cover the relevant cognitive domains (Table 2).

The main aim of the group meeting sessions was to contextualize the computer
training into the patients’ everyday activities. The process should lead to enhancing
motivation and generalization of cognitive skills to real-life activities.

One of our co-authors is certified as a supervisor of NEAR and she supervised NEAR
sessions periodically. In order to use consistent methods across sites, all clinicians
participated in 1-week clinician training, and they attended trimonthly meetings.

Although the medications were changed throughout the whole period as little as
possible, there were 16 patients whose medications needed to be changed because of
clinical decisions. However, the change in the medication status of these 16 patients
was only related to daily dosage levels.

2.2. Assessments

We assessed cognitive function using the Japanese version of the Brief Assessment of
Cognition in Schizophrenia (BACS-J) (Keefe et al.,, 2004; Kaneda et al,, 2007). Z scores were
calculated for each subcomponent score using means and standard deviations based on
the dataset of 340 healthy control Japanese populations; however, it must be noted that
age, sex, and socio-economic status of the healthy controls were not necessarily matched
to those of the patients in the present study. Composite scores were calculated by
averaging all z scores of the six subcomponents (verbal memory, working memory, motor
speed, verbal fluency, attention and speed of information processing, and executive
functions), and then re-normed based upon the standard deviations (SD) of the average of
those scores in the normative sample (SD=0.6).

2.3. Statistical analysis

Two-tailed paired t-tests were performed for the assessment of change between the
two measurements of BACS-] data, which were administered before (baseline) and after
(post-treatment) the NEAR sessions. Each subcomponent score was normally distributed
except for the executive function score. Through a logarithmic transformation of the
executive function score, the curve was modified to a normal distribution, described by
[EX}= —log[2 — (Executive function BACS-] z score)]. Therefore, we used [EX] instead of
“executive function BACS-J z score” for analysis.

Except for the treatment settings, baseline verbal memory, baseline [EX], and
baseline composite scores, neither socio-demographic nor clinical variables differed
significantly between the two groups (Table 1). Therefore, repeated measures analyses

Task Software Activity

Target cognitive domain

The mail room Monsters Inc.: Scream Team

Training clock hits 9 a.m.
Lunch room Monsters Inc.: Scream Team

Training
Moonfish Finding Nemo: Nemo's Underwater

World of Fun

Spark! Mejikara Let’s refresh your brain

Sort all the mail into the proper mailboxes before the

Select food items and daily specials to serve to each monster in
accordance with the figure presented on the lunch-order ticket.
Repeat the shape patterns made by the moonfish.

Memorize the illustrations that appear one after another on

Attention, speed
Attention, speed
Working memory

Working memory

the screen, and recollect them in order.

Hustle memory Let's refresh your brain

Memorize the character’s clothes that are put on within

Visual learning and

10s. memory
Frippletration Thinkin' Things 2 Visual and auditory memory matching game, Visual/auditory learning
and memory
Stocktopus Thinkin' Things 3 Repeat trading items to get the items you need for your portfolio. Working memory,
executive function,
Build it Factory Deluxe Build up the presented goal product by selecting and using Executive function
appropriate tools.
The puzzles Logical Journey Of The Zoombinis Solve puzzles with various rules using as clues physical features Executive function

of hair, eyes, nose, and feet of little creatures called Zoombinis.

“Thinkin' Things 2", “Thinkin' Things 3", and “Factory Deluxe” were English versions; however, English ability was not necessary to accomplish the tasks. Other software programs

were Japanese versions.
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Table 3
The result of paired t test on BACS-J data with NEAR participants.
Baseline Post t p Cohen’s d
treatment
Verbal memory —1.094:092 -—0.13+099 8.80 <0.0001 1.01
Working memory —095+£095 —-054+1.17 411 <0.0005 0.39
Motor speed —1.60£137 -—1.04+£142 328 <0005 041
Verbal fluency —0474+1.00 —0.14X£110 341 <0005 032
Attention and speed —1.24+0.88 —0.994+096 3.19 <0005 028
of information
processing
[EX] —0.79+059 —-0554+055 3.02 <0005 044
Composite score —1.65+1.27 —079+133 896 <0.0001 067

[EX] = —log|2 — (Executive function BACS-] z score)].

of variance were performed on BACS-] data using ‘group’ (NEAR group, control group)
and ‘treatment settings’ (inpatient, outpatient) as inter-individual factors, while 'time'
(baseline, post-treatment) was used as an intra-individual factor. Moreover, in the
analyses of verbal memory, [EX], and composite scores, baseline data were used as
covariates.

3. Results (Tables 3, 4, Fig. 1)
3.1. The within-NEAR treatment change of BACS-] data

There were significant improvements in the scores of all sub-
components in the BACS-J (Table 3).

3.2. In comparison with control patients

There were significant interactions between ‘group’ and ‘time’ in
verbal memory, working memory, verbal fluency, attention and speed
of information processing, [EX], and composite scores (Table 4). The
improvement of these areas was significantly greater in the NEAR
group than in the control group. There was no difference between
groups in terms of the change in motor speed.

4. Discussion

In the present study, we found significant improvement for all
cognitive domains related to the BACS-]. According to the meta-
analysis of the effectiveness of cognitive remediation in schizophre-
nia, neurocognitive benefit varied from small (Cohen'sd=0.2) to
very large (d = 1.2) effect size (Medalia and Choi, 2009). Medalia et al.
(2009) also suggested that heterogeneity of response to cognitive
remediation might depend on instructional techniques, intellectual
ability, and intrinsic motivation. In NEAR, instructional techniques are
devised to enhance intrinsic motivation. It has already been shown
that the use of NEAR educational software without an instructional
approach did not achieve clinically meaningful change in neurocog-
nitive capacity (Bellack et al,, 2005; Dickinson et al., 2010). In our
study, we complied with the principle of NEAR by attaching great
importance to instructional approach and could find small to very
large effect sizes in broad domains (d=0.28-1.01). In comparison
with the control group, the positive findings remained significant
except for the motor speed. NEAR proved to be a feasible psychosocial
therapy, even in Japan with its different cultural background and with
the use of software programs that differ from those in Western
countries.

In BACS-], motor speed was assessed by the “Token Motor Task”.
The task requires the participants to put 100 plastic tokens into a
container bimanually as quickly as possible within 60s, and the
outcome measure is the total number of tokens put in the container
(Keefe et al., 2004). In the NEAR session, participants were engaged in
the computerized learning tasks selected to address specific domains
of cognitive function (Medalia et al,, 2009); however, we may have
failed to include those tasks that required considerable motor speed to
perform in the session. This may explain why the NEAR participants
were not able to achieve greater improvement in motor speed than
the controls.

In this study, the two groups were heterogeneous in many points,
and although several subcomponent scores of the BACS-] were
significantly lower in the control group than in the NEAR group,
correlations between baseline BACS-] data and the improvement in

Attention
and speed
of
Verbal Working Verbal information Executive Composite
memory memory Motor speed fluency  processing  function score

# NEAR participants Pre
Control participants Pre

B NEAR participants Post
% Control participants Post

Fig. 1. Changes in cognitive function over a 6-month period.
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Table 4
“Time x group” interaction effect on ANOVA with BACS-] data in comparison with
control group.

df. F P

Verbal memory* 1,69 16.1 <0.0005
Working memory 1,70 16.9 <0.0005
Motor speed 1,70 1.53 n.s.
Verbal fluency 1,70 439 <0.05
Attention and speed of information processing 1,70 5.79 <0.05
[EX]* 1,69 4.69 <0.05
Composite score® 1,69 19.1 <0.0001

# baseline data were used as covariates.
[EX] = —log[2 — (Executive function BACS-] z score)].

BACS-] data were negative (r= —0.57 to —0.06) in the NEAR group.
This implies that the NEAR program is more effective when baseline
neurocognitive ability is weaker. Although it is possible that there was
recruitment bias to include higher functioning subjects in the NEAR
group at baseline, it may be assumed that taking into account the
difference in neurocognition would not negate the effect of NEAR.
There are several limitations of the present study. First, although
only the difference in treatment settings between the NEAR
participants and the controls appeared significant, clinical and
demographic variables were not well matched between the two
groups. Second, subjects were not randomly assigned to either of the
groups. Third, some clinicians who managed the NEAR session also
had to take a role as a tester in the BACS-]. To resolve these issues,
randomized control studies of the NEAR program with testers being
blinded to the treatment assignment are warranted. Moreover, while
we focused on the neurocognitive effect of NEAR in Japan in the
present report, we should also take into consideration its effectiveness
on social function and/or quality of life in patients with schizophrenia.
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