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including the small case number and retrospective design. In
addition, this study focused on patients who already had
persistent MRSA bacteremia, and therefore its findings
should not be generalized to all patients with CRBSI. Fur-
ther studies are needed to determine which patients require
immediate catheter removal to improve outcomes.

CONCLUSIONS

In summary, CRBSI and persistent bacteremia caused by
MRSA in elderly patients is associated with high rates of
morbidity and mortality. This study found no survival ad-
vantage associated with early catheter removal.
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THE TAKEDA THREE COLORS COMBINATION
TEST: AN EASY AND QUICK SCREENING FOR
ALZHEIMER’S DISEASE

To the Editor: Alzheimer’s disease (AD) is the most com-
mon type of dementia and is prevalent worldwide.! With a
projected increase in the AD population,? early detection
has become increasingly important, promoting demand for
screening tests with adequate sensitivity. This study ex-
plored whether the Takeda Three Colors Combination Test
(TTCC) is a feasible and simplified screening test for early
detection of AD and examined its effectiveness.

METHODS
TTCC involves three colored wooden cards (red, blue, and
yellow) and a model figure with a diagram of the three
colored squares in a certain configuration (Figure 1). The
model figure is presented to the examinee for 5 seconds and
then hidden. After a simple interference task (backward
digit span), the examinee is required to arrange the three
cards to match the configuration shown in the model figure.
If the examinee makes exactly the same configuration as
shown in the model figure, he or she is assessed as being
normal, whereas if the examinee failed, AD is suspected.
Subjects consisted of two groups. Those with mild AD
(n =91) met the AD criteria of the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition® and had a
Mini-Mental State Examination (MMSE)* score greater
than 20 and a Clinical Dementia Rating (CDR)? score of 0.5
or 1.0. Exclusion criteria were mixed dementia, active neuro-
logical disease, and other acute somatic diseases. The control
group (n = 75) comprised people who had no complaint of
memory lapse, no history of psychiatric or neurological dis-
ease, a MMSE score of 26 or greater and a CDR score of 0.
All subjects were aged 60 and older and had normal visual
acuity. The object and methods of the research were ex-
plained to the subjects (or their families), and their consent
was obtained in advance of their participation.
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Blue
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Figure 1. Arrangement of three colored squares that should
be remembered and reproduced later after an interference task
using three colored wooden cards.

Cognitive functioning was assessed in all subjects in the
following order: TTCC, MMSE, CDR, and TTCC again,
with the second TTCC administered within 30 minutes of
the first. The examiner was blind to which group the ex-
aminees belonged to. TTCC sensitivity and specificity were
calculated using data from the first trial. The difference be-
tween the control group and group with mild AD was ex-
amined using logistic regression analysis with likelihood
ratio test to adjust for other factor using group as a depen-
dent variable and TTCC results, age, and sex as indepen-
dent variables.

RESULTS

For the control group, 65 responded correctly, and 10 re-
sponded incorrectly. For the group with mild AD, 14
responded correctly and 77 responded incorrectly. The sen-
sitivity of TTCC in detecting mild AD based on this result
was 85%, and the specificity was 87%. The results of lo-
gistic regression analysis revealed that TTCC results was
the significant factor. The odds ratio of incorrect response
to TTCC was 32.0 (95% confidence interval (CI) = 13.1-
78.1, P<.001) for mild AD compared with control.

The phi coefficient was 0.76 (P<.001), and the con-
sistency percentage between the first and second trials was
88%. Spearman rank correlation analysis, using MMSE
scores as an external standard, revealed a significant cor-
relation between the MMSE and the TTCC (p=0.58,
P <.001). TTCC was implemented within 2 minutes for all
subjects. No refusal or resistance to this test was observed
for any of the subjects.

DISCUSSION

The results of logistic regression analysis suggest that peo-
ple who respond incorrectly to the TTCC are 32 times as
likely to have cognitive impairment as those who respond
correctly. As for the power of the TTCC to detect mild AD,
sensitivity was 85% and specificity was 87%. The sensitiv-
ity of MMSE is considered to be low for detecting mild
forms of dementia,® a limitation that can be seen when
sensitivity falls to as much as 44%7 or 54%? for dementia
groups scoring more than 20. The findings of the current
study indicate that the TTCC’s sensitivity to mild AD is
satisfactory. TTCC’s fidelity in detecting impairment in vis-
uospatial memory, which is frequently seen at the early
stage of AD, associated with reduction in the blood flow in
the parietal lobe and hippocampus,”!? may explain the
relatively high sensitivity for mild AD shown in the test.
With regard to reliability, the retest showed a high
concordance rate and correlation coefficient, which implies

good test-retest reliability of the TTCC. Concurrent valid-
ity was established using the MMSE as an external crite-
rion, showing high correlation between TTCC and MMSE
scores. The administration of the TTCC can be conducted
in a short time, with no prior training required, and assess-
ment is easy, making it suitable as a screening test for gen-
eral practitioners and examinees in various clinical settings.
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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. o 2010 Wiley-Liss, Inc.

KEY WORDS: learned helplessness
hippocampus; behavior

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 et 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 20—40 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

Hippocampus
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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 CALl 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

Learned helplessness

Control

CAl
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 attainment 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 z-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 atrainment 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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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) z = 5.360, P = 0.0001; (D) z =
2.661, P = 0.0178; (E) ¢+ = 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;
(J) F(2,24) = 6.190, P = 0.0068. (K) z < 0.001, P > 0.9999; (L)
t = 029, P = 09775 (M) ¢ = 1243, P = 0.2603; (N)
t = 0.171, P = 0.8696; (O) ¢ = 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-

HIPPOCAMPAL ASTROCYTES IN LEARNED HELPLESSNESS RATS 5

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) z = 3.769, P = 0.0019; (B) + = 2.090, P =
0.0541; (C) z = 0.823, P = 0.4236; (D) z = 0.610, P = 0.5508;
(E) z = 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) = 42545, P < 0.0001;
(I) F(2,24) = 45.749, P < 0.0001; (J) F(2,24) = 13.822, P =
0.0001. (K) z = 0.646, P = 0.5422; (L) ¢ = 0.410, P = 0.6940;
M) ¢ = 1.014, P = 0.3498; (N) z = 0.314, P = 0.7643; (0): ¢t =
0.149, P = 0.8864. *P < 0.05; **P < 0.01 when compared with
controls (Student’s z-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 distinct 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). *pP < 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 GDNF 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 ant-
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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Many neuropsychological studies demonstrate impairment of working memory in patients with major
depressive disorder (MDD). However, there are not enough functional neuroimaging studies of MDD
patients seeking for the underlying brain activity relevant to working memory function, The objective
of this study is to evaluate prefrontal hemodynamic response related to working memory function in
patients with MDD. Twenty-four subjects with MDD and 26 age- and gender-matched healthy subjects
were recruited for the present study. We measured hemoglobin concentration changes in the prefrontal
and superior temporal cortical surface areas during the execution of working memory task (WM; 2-back,
letter version) using 52-channel near-infrared spectroscopy (NIRS), which enables real-time monitoring
of task-related changes in cerebral blood volumes in the cortical surface areas. MDD patients showed a
smaller increase in lateral prefrontal and superior temporal cortex activation during the 2-back task and
associated poorer task performance than healthy controls. The results coincided with previous findings
in terms of working memory deficits and prefrontal cortex dysfunction in MDD patients, but contradicted
with some previous fMRI studies that suggested increased cortical activity during the working memory
task in patients with depression. The contradiction may, in part, be explained by a relatively low level of
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cognitive demand imposed on the subjects in the present study.
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1. Introduction

Working memory is an extensively researched psychological
concept related to the temporary storage and processing of infor-
mation (Baddeley, 1992, 2003). Intact working memory is essential
for everyday functioning. Working memory tasks require several
cognitive processes, such as online monitoring, continuous updat-
ing, manipulating stored information, and decision making, which
might all be affected by major depressive disorder (MDD). Many
neuropsychological studies demonstrate impairment of working
memory in patients with MDD (Rose and Ebmeier, 2006; Harvey
etal,, 2004; Porter et al.,2003; Landro et al., 2001; Nebes et al.,2000;
Elliottetal., 1996; Beats et al., 1996; Channon et al., 1993). However,
some other studies failed to find significant differences between
patients with MDD and normal controls (Elderkin-Thompson et al.,
2003; Sweeney et al., 2000; Zakzanis et al., 1998; Purcell et al.,
1997). The inconsistency presumably owes much to the difference

* Corresponding author. Tel.: +81 859 38 6547; fax: +81 859 38 6549.
E-mail address: nakagome@mountain.ocn.ne.jp (K. Nakagome).

in the patients’ clinical characteristics, the cognitive demand of the
various neuropsychological tests applied in the studies.

The hemodynamic responses related to the neural activity
underlying working memory processes have been widely investi-
gated using neuroimaging (fMRI and PET) techniques (Owen et al.,
2005; Wager and Smith, 2003). In healthy subjects, the n-back task
activated a bilateral network consisting of ventrolateral prefrontal
cortex (VLPFC) and dorsolateral prefrontal cortex (DLPFC), frontal
poles, lateral premotor cortex, dorsal cingulate and medial pre-
motor cortices, and medial and lateral posterior parietal cortices
(Owen et al., 2005). Recently, a number of studies have used fMRI
and other imaging techniques to study brain activation associated
with working memory function in patients with MDD. However, the
findings have been inconsistent. There is one study that demon-
strated significantly greater activation in the dorsolateral cortex
in MDD patients than in healthy controls (Matsuo et al., 2007),
whereas another study showed no difference in the prefrontal
activation between MDD patients and healthy controls (Barch
et al,, 2003). Interestingly, in both studies, there was no significant
between-group difference in the performance level. Moreover, a
number of neuroimaging studies targeting working memory have
demonstrated load-related hyperfrontality in MDD patients com-
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pared with that in healthy controls (Harvey et al., 2005; Walsh et al.,
2007, Fitzgerald et al., 2008), namely, MDD patients showed more
increased cerebral activation in association with a higher level of
complexity than healthy controls. The authors suggest that patients
with MDD require greater resources to maintain task performance
with increasing cognitive demand. Walter et al. (2007) assessed
patients’ neural response to correct trials only in a working memory
task and found increased DLPFC activation. In their study, however,
patients with MDD showed less accurate performance than healthy
controls in a task with higher complexity and increased activation
was not seen when incorrect trials were included in the analysis.
This result suggests that increased cortical response is associated
with matched performance level and may enable identification of
where patients’ performance is impaired.

In this regard, it is noteworthy that better working memory
performance is associated with increased prefrontal activation in
healthy subjects (Courtney et al., 1998; Ungerleider et al., 1998;
Courtney etal., 1996; Leung et al., 2002; Sakai et al.,2002). Although
the relationship between working memory performance and pre-
frontal activation in patients with MDD is not so clear, cortical
response may be attenuated compared with that in healthy con-
trols as a function of the extent of impaired performance of the
patients.

In this study, we examined hemodynamic response in the
fronto-temporal regions during engagement in working memory
task in patients with MDD using multi-channel near-infrared spec-
troscopy (NIRS). Multi-channel NIRS (ETG-4000, Hitachi Medical
Co.), a recently developed functional neuroimaging technology,
enables the non-invasive detection of spatiotemporal characteris-
tics of brain function near the brain surface using near-infrared light
(Strangman et al., 2002a; Boas et al., 2004). NIRS has enabled bed-
side measurement of the concentrations of oxygenated ([oxy-Hb])
and deoxygenated hemoglobin ([deoxy-Hb]) in micro-blood ves-
sels. Assuming that hematocrit is constant, the changes in [oxy-Hb],
[deoxy-Hb] and also [total Hb] (summation of [oxy-Hb] and [deoxy-
Hb]) are correlated with the changes in the regional cerebral blood
volume (rCBV) as shown by simultaneous NIRS and positron emis-
sion tomography (PET) measurements (Hock et al., 1997; Villringer
et al,, 1997; Ohmae et al., 2006). In contrast to other neuroimaging
methodologies such as fMRI, PET, electroencephalography (EEG)
and magnetoencephalography (MEG), NIRS can be measured under
a more restraint-free environment that is especially suitable for
psychiatric patients. Indeed, NIRS has been used to assess brain
functions in many psychiatric disorders (Matsuo et al., 2003; Suto
et al.,, 2004; Kameyama et al., 2006). Moreover, unlike fMRI, which
mainly represents the blood oxygenation level-dependent (BOLD)

Table 1

effect in the draining vein, NIRS is more likely to measure the
changes in rCBV in distensible capillary vessels. Although the two
methods target distinct aspects of hemodynamic response, the
findings in terms of cortical activation obtained by simultaneous
recordings of fMRI and NIRS are generally in agreement (Lee et al,,
2008; Strangman et al., 2002b).

The goal of this study was to compare brain activation, measured
by NIRS, as well as behavioral performance in patients with MDD
and age- and gender-matched healthy controls during engage-
ment in working memory task. From the hypothesis that patients
with MDD require more resources to maintain the task perfor-
mance, we predicted that patients with MDD would show either
(1) increased prefrontal activation associated with comparable
task performance or (2) decreased or equivalent activation asso-
ciated with impaired task performance compared with the healthy
controls.

2. Subjects and methods
2.1. Subjects

Twenty-four patients with MDD and 26 healthy controls par-
ticipated in the study (Table 1). The patients were recruited from
the outpatients at Tottori University Hospital, and were diagnosed
using the criteria of Diagnostic and Statistical Manual of Mental
Disorders, the fourth edition, text revision (DSM-IV-TR, American
Psychiatric Association 2000).

To obtain detailed information on psychiatric symptoms, the
participants were questioned using a structured interview, the
Mini-International Neuropsychiatric Interview (MINI) (Sheehan
et al., 1998). None of the subjects had clinical evidence of other
central nervous system disorders based on history and medical
examination. Patients with previous head trauma, stroke, electro-
convulsive therapy, and current or previous history of substance
abuse were excluded from the study. Twenty-four individuals (12
male and 12 female) meeting these criteria participated in the
investigation. All the patients with MDD were in a depressed mood
state. Within the MDD sample, 13 patients were taking selective
serotonin reuptake inhibitors (SSRIs), 8 were taking serotonin nora-
drenaline reuptake inhibitors (SNRIs) and 3 were taking tricyclic
antidepressants.

Individuals who were appropriate age and gender matches for
the MDD patients participated as controls in the present study.
Inclusion criteria for controls were similar to those for the patient
sample, although controls were additionally required to have no
previous or current psychiatric illnesses. Twenty-six individuals

Demographic characteristics of the subjects and scores of BDI, HAMD and task performance (given values are means with standard deviations in parentheses).

Major depression disorder (N=24)

Normal controls (N=26) Group difference P-value

Gender (f/m) 12 f/12m
Age (years) 47.9(13.9)
Duration of illness (years) 4.0 (4.9)
Age of onset (years) 43.0(14.3)
Number of depressive episodes 1.8(1.4)
Beck Depression Inventory (BDI) 22.1(12.7)
Hamilton Depression Rating Scale 20.3(9.2)
(HAMD)
Task performance
Reaction time (RT; ms) 739.4 (220.4)
Accuracy (%) 77.4(0.30)
Sensitivity A’ 0.87(0.28)
Antidepressants (imipramine 101.0(57.1)
equivalents) (mg/day)
Other drugs
Anxiolytics
Hypnotics 12

Anxiolytics and hypnotics

18 /8 m 0.16
42.4(9.3) 0.10
N/A

N/A

N/A

8.0(8.0) <0.001
N/A

678.1(179.4) 0.32
96.5 (0.08) <0.01
0.99 (0.02) <0.05
N/A

N/A
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Fig. 1. The task design of 2-back task. A: Activation condition: 2-back. B: Baseline condition: 0-back, “9" as target.

(8 male and 18 female) meeting these criteria were selected to
participate in the study. .

All participants were right-handed with criteria of more than
80% by the Edinburgh Inventory Index (Oldfield, 1971). All subjects
gave their consent in a written form after receiving comprehensive
information on the study protocol. The study was approved by the
ethics committee of Tottori University Faculty of Medicine.

2.2. Assessment of clinical evaluation

Prior to scanning, all subjects undertook a self-assessment of
depression severity using the Beck Depression Inventory (BDI,
Beck et al., 1961). In addition, only the patients were assessed for
depression severity using the Hamilton Rating Scale for Depression
(HAMD, Hamilton, 1960) by two trained psychiatrists.

2.3. NIRS measurements

2.3.1. Activation task

We used a 2-back task with a blocked periodic BA design (Fig. 1)
to activate brain regions specialized for maintenance components
of verbal working memory, as originally described by Cohen et al.
(1994). Two contrasting conditions were visually presented in 60-s
periods to subjects on a computer screen placed approximately one
meter away from the subjects’ eyes. During the period of the base-
line (B) condition, subjects viewed a series of figures (0-9), which
appeared one at a time, and were required to press a button with
their right index finger whenever the figure “9” appeared. During
the period of the activation (A) condition (2-back), subjects again
viewed a series of figures (0-9) and were required to press a button
with their right index finger if the currently presented figure was
the same as that presented two trials previously (e.g., 5-1-5, but
not 2-6-3-2 or 7-7). The working memory task consisted of a 60-s
pre-task period (baseline (B) condition), a 60-s 2-back task period
(activation (A) condition), and a 60-s post-task period (baseline (B)
condition). Each period comprised 25 stimuli (5 targets, stimulus
duration 1.8 s, stimulus onset asynchrony (SOA)=2.3 s). Behavioral
performance on 2-back task during measurement was monitored
in terms of reaction time (RT) to target figures, accuracy (number of
target figures correctly identified) and sensitivity A’ (Grier, 1971).
All subjects received identical training prior to measurement.

2.3.2. NIRS machine

The 52-channel NIRS machine (ETG-4000) measures relative
changes of [oxy-Hb] and [deoxy-Hb] using two wavelengths
(695 and 830nm) of infrared light on the basis of the modified
Beer-Lambert law (Yamashita et al., 1996). In this system, these
[Hb] values include differential pathlength factor (DPF). The dis-
tance between pairs of source-detector probes was set at 3.0cm
and each measuring area between pairs of source-detector probes
was defined as ‘channel'. It is considered that the machine mea-

sures points at 2-3 cm depth from the scalp, that is, the surface of
the cerebral cortex (Okada and Delpy, 2003; Toronov et al., 2001).
The probes of the NIRS machine were fixed with thermoplastic
3 x 11 shells, with the lowest probes positioned along the Fp1-Fp2
line according to the international 10-20 system used in elec-
troencephalography. The arrangement of the probes enabled the
measurement of [Hb] values from bilateral prefrontal and superior
temporal cortical surface regions. The correspondence of the probe
positions and the measuring area on the cerebral cortex has been
reported elsewhere (Okamoto et al., 2004). It was approximated
by superimposing the measuring positions on MRI of a three-
dimensionally reconstructed cerebral cortex made by averaging 17
healthy volunteers’ brain images normalized to the MNI152 stan-
dard template (Fig. 2).

The rate of data sampling was 0.1s. The obtained data were
analyzed using the “Integral mode”; the pre-task baseline was
determined as the mean over a 10-s period just prior to the task
period, and the post-task baseline was determined as the mean
over the last 5s of the post-task period; linear fitting was applied
to the data between these two baselines. A moving average method
using a window width of 5 s was applied to remove any short-term
motion artifacts. However, a moving average method alone could
not remove all the artifacts and, thus, we applied a semi-automatic
method for removing those data with significant artifacts. First, we
applied the algorithm developed by Takizawa et al. (2008) that
enables a fully automatic rejection of data with artifacts sepa-
rately for each channel using quantitative evaluation, although the
algorithm appeared to even reject data without artifacts. There-
fore, in the next step, two researchers, who were both blind to
the clinical background of the data, judged whether or not to save
those data rejected by the algorithm through consultation. Con-
sequently, the number of averaged data for each channel did not
vary widely within and between the two diagnostic groups (MDD:
N=20-24[mean=22.7, SD = 1.28]; control: N=23-26 [mean =24.9,
SD =1.00]).

2.4. Data analysis

First, the performance level was compared between the two
groups using the Wilcoxon rank sum test. Next, for the analy-
sis of the hemodynamic response data, [Hb] variables, which are
specifically [oxy-Hb], [deoxy-Hb] and [total Hb] concentrations,
of each channel were averaged for the two time segments (pre-
and post-task baseline and task period). We focused on [oxy-Hb]
concentrations, since [oxy-Hb] change (task period - pre- and post-
task baseline period) is assumed to more directly reflect cognitive
activation than [deoxy-Hb] change as shown by a stronger corre-
lation with blood-oxygenation level-dependent signal measured
by fMRI (Strangman et al,, 2002b). The mean [oxy-Hb] changes
were compared between the two groups (MDD and control) for
each channel using Student’s t-test. Since we performed 52 t-tests,
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Fig. 2. Probe setting and measurement points for 52-channel near-infrared spectroscopy (NIRS). (A) The probes with 3 x 11 thermoplastic shells were placed over a subject’s
bilateral frontal regions. (B-D) The 52 measuring positions of the NIRS machine are superimposed on 3D-reconstructed cerebral cortical surface from magnetic resonance
imaging (MRI) made by averaging 17 healthy volunteers’ brain images normalized to the MNI152 standard template. The channel numbers are indicated above the measuring
points. (E) The 52 measuring areas are labeled ch1-52 from the right posterior to the left anterior.

the correction for multiple comparisons was made using false dis-
covery rate (FDR). We set the value of q specifying the maximum
FDR to 0.05, so that there were no more than 5% false-positives
on average (Singh and Dan, 2006). In case there was a significant
between-group difference in the performance level (sensitivity A"),
we performed additional analyses of co-variance (ANCOVA) using
the performance level (sensitivity A’) as a covariate to the [oxy-Hb]
changes, also applying FDR correction.

For MDD patients, Spearman’s rhos were calculated for each
channel to assess the relationship between the mean [oxy-Hb]
changes and the clinical characteristics such as duration of ill-
ness, age of onset, number of depressive episodes, HAMD and
BDI scores. We again adopted an FDR-based procedure for the
multiple testing correction in correlational analyses for 52 chan-
nels and identified those channels for which r values reached

a significance level of P<0.05 (FDR-corrected). Additionally, we
investigated the relationship between [oxy-Hb] changes and per-
formance level (reaction time, accuracy, sensitivity A’) and age in
total samples using Spearman’s rhos. Finally, we examined the rela-
tionship between [oxy-Hb] changes and the daily dose levels of
antidepressants (imipramine equivalents) and also compared [oxy-
Hb] changes between patients taking SSRIs and those taking SNRIs.
Statistical analyses were performed using SPSS 13.0 software.

3. Results
3.1. Task performance

The response sensitivity A’ (P<0.05) and accuracy (P<0.01) on
the 2-back task during NIRS measurement were significantly worse
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Fig. 3. P-value significance map of t-tests for [oxy-Hb] activation in patients with MDD compared with healthy controls using FDR correction. The numbered dots on the
lower panel indicate 52 channels, which are projected to the 3D brain model in the upper panel.

in the MDD group than in the healthy controls. There was no sig-
nificant between-group difference in reaction time (Table 1).

3.2. [Hb] changes during task (Fig. 3)

MDD patients were associated with a significantly smaller
increase in [oxy-Hb] than controls at 29 channels (ch11, ch13, ch20,
ch22-24, ch29-36, ch38-52; FDR-corrected P: 0.001-0.030). Fig. 3
is a P significance map of the t-tests, that is, MDD versus control,
which shows significant group differences in a broad area.

The between-group differences in the [oxy-Hb] changes
remained significant after correcting for performance lev-
els in 22 channels (ch11, ch20, ch23-24, ch29-31, ch33-36,
ch39-41, ch44-47, ch49-52; FDR-corrected P: 0.001-0.018) with
ANCOVA using sensitivity A’ as a covariate to the [oxy-Hb]
changes.

3.3. Correlations between [oxy-Hb] change and clinical variables,
performance level, age and drugs

The mean [oxy-Hb] change in neither channel during the
task period was significantly correlated with sensitivity A’
(rho=-0.16-0.28, n.s.), accuracy (rho=-0.14-0.30, n.s.), reaction
time (rho=-0.33-0.39, ns.), age (tho=-0.21-0.39, n.s.) for the
total sample and also with age of onset (rho=-0.02-0.55, n.s.),
duration of illness (rho=-0.61-0.14, n.s.), number of depres-
sive episodes (rho=-0.42-0.19, n.s.), BDI (rho=-0.45-0.47, n.s.),
HAMD (rho =-0.53-0.05, n.s.) for patients with MDD.

The mean [oxy-Hb] change in neither channel during the task
period was significantly correlated with imipramine equivalents
(mg/day). The mean [oxy-Hb] change in either channel did not sig-
nificantly differ between the patients taking SSRIs (n=13) and those
taking SNRIs (n=8) (Student’s ¢ test, P=0.06-0.99, n.s.).

4. Discussion

The primary objective of this study was to examine whether
the hemodynamic response in the fronto-temporal region during
working memory processing differs between MDD patients and
healthy subjects. Partially consistent with our prediction, we found
that patients with MDD showed smaller hemodynamic response
and worse task performance during engagement in working mem-
ory task than healthy controls. However, the finding contradicts
several previous studies.

A number of previous studies demonstrated increased cortical
activity in a depressed group using an n-back working memory
task (Harvey et al., 2005; Walsh et al., 2007; Fitzgerald et al., 2008;
Matsuo et al.,, 2007) and some demonstrated a higher linear load-
response in patients with MDD than the normal controls, indicating
that hyperfrontality in MDD was more evident in higher cognitive
demanding condition. In addition, Barch et al. (2003) reported no
significant difference between patients with MDD and normal con-
trols in the neural response in the prefrontal cortex (PFC) elicited
by the 2-back task using words, which was considered to be much
easier than those adopted in the studies showing hyperfrontal-
ity presumed by the high performance level in both controls and
patients with MDD. On the other hand, using a different cogni-
tive task with high complexity (“Tower of London” task), Elliott
et al. (1997) showed reduced neural response in cortical regions,
particularly in VLPFC and DLPFC for patients with MDD compared
with healthy controls, where patients’ performance was impaired.
It therefore seems to be an inverted-U relationship between neural
response and cognitive demand in patients with MDD.

In the present study, there was no significant correlation
between hemodynamic response and performance level, suggest-
ing that the patients failed to recruit additional neural resources
to attain higher performance level. As the patients with poor per-
formance level showed similar degree of activation as those with
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high performance level, it can also be assumed that the attenu-
ated [oxy-Hb] change was not due to the patients’ disengagement
in the task per se. We speculate that the 2-back task adopted in
the present study posed relatively small amount of cognitive load
on the subjects, which can be presumed by the high performance
level of the normal controls, and also the 2-back task using numer-
ical figures (0-9) may well be considered simple, compared to the
task using letters adopted in most studies showing hyperfrontality
in patients with MDD. Moreover, the period of 2-back task to be
engaged in was as short as 60s, which also implies relatively small
load on memory and attentional system. According to the inverted-
U relationship between neural response and cognitive demand in
patients with MDD, it was suggested that the attenutated [oxy-Hb]
change in patients with MDD reflected the failure of recruiting neu-
ral resources to attain comparable performance as normal controls
even in low cognitive demanding condition.

It is possible that the different results between the present study
and previous studies arise from patient characteristics, age or sever-
ity of illness. In fact, the mean age of the subjects in the present
study (47.9 £ 13.9) was older than those in the previous studies,
which were mostly within the range of 30-40 years. Although this
is highly speculative, poor vasomotor function associated with pre-
sumably higher incidence of microvascular dysregulation in older
patients with MDD may have made it difficult to recruit additional
neural resources. It may be assumed that NIRS, which mainly mea-
sures the rCBV in the distensible capillary vessels, is more sensitive
to vasomotor function than fMRI (Matsuo et al., 2005). These issues
should be addressed systematically in future research.

One of the shortcomings of NIRS is that it cannot measure the
rCBV change in deeper region of the brain such as limbic regions.
In depression, DLPFC is thought to inhibit emotional responses
through its efferent connections to limbic regions. Previous fMRI
studies using a cognitive challenge showed decreased activity in
limbic regions including medial prefrontal cortex (MPFC) while
DLPFC and other cognitive regions were activated (Pochon et al.,
2002). Harvey et al. (2005) demonstrated a trend for a greater
decrease of activity in MPFC in control subjects compared to
patients with MDD. In the study, the activity gap between cortical
and limbic regions increased as the task increased in complexity
and the authors suggested that the activity gap may affect the
processing efficiency. The hypofrontality as well as poorer per-
formance level in patients with MDD in the present study may
have been due to smaller activity gap between cortical and lim-
bic regions, although we should await future studies using other
neuroimaging methods to measure the neural activity in limbic
regions.

Previous fMRI studies using 2-back task cited in our manuscript
did not find significant relationship between neural response and
clinical symptoms. We also failed to find any relationship between
[oxy-Hb] change and BDI or HAMD scores, but not surprisingly
because we speculate that [oxy-Hb] change should be related to
cognitive function rather than mood state. A range of neurocog-
nitive functions including verbal memory (Sternberg and Jarvik,
1976), attention (Porter et al., 2003), working memory (Barch
et al,, 2003; Elliott et al., 1996) and executive function (Elliott
et al, 1997) have been shown to be affected in patients with
MDD. Moreover, these deficits are now being recognized to be
independent of the disturbance of mood, although not entirely.
Because cognitive deficits exist even when patients are euthymic
(Kennedy et al., 2007) and are closely linked to social func-
tion (Jaeger et al, 2006), interventions targeting these deficits
seem to be urgently required. Further studies are warranted to
elucidate the relationship between [oxy-Hb] change elicited by
the 2-back task and cognitive function as well as social func-
tion using neuropsychological test batteries and social function
measurements.
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