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Furthermore, our findings apparently showed that NTS induced
compensatory as well as enhancing effects on the activities and
emotional states of both sexes.

Pauk et al. {25] previously demonstrated that tactile stimu-
lation with a camel hair brush during maternal deprivation for
2 h prevented the increase of serum corticosterone in response
to maternal deprivation in infants rats, which is similar to the
effect of NTS observed in the present study. Although further
studies are needed to verify the efficacy of tactile stimulation,
it is postulated that neonatal tactile stimulation may prevent the
developmental disturbance of emotionality in response to early
adversity. On the other hand, it is well known that maternal
behavior plays an important role in physical and psychological
development through mother—infant contact. For example, early
adversity such as NI [3] or low maternal care [6] was reported
to enhance activity of the HPA axis in response to stress in later
life. In this context, it cannot be ruled out that the ability of
NTS to reverse the effect of NI in these behavioral tests may
be due to differences in maternal care for 23 h/day between the
NI and NTS groups, since we did not measure maternal behav-
iors such as licking and grooming or arched-back nursing in this
study.

In the contextual fear-conditioning test, whereas NTS led to a
significant reduction in contextual freezing among both sexes as
compared with sham-treatment, NTS reversed the NI-induced
increase in contextual freezing in female but not male rats.
The differential effect of NTS on contextual freezing in male
and female rats may be due to differences in the effect of NI,
since NIsignificantly enhanced contextual freezing in female but
not male rats. The results of the present study are almost con-

. sistent with a previous study which showed that 1 h-neonatal
isolation on PN days 2-9 enhances contextual fear in female
Sprague-Dawley rats and impairs it in male Sprague-Dawley
rats [11]. It has been suggested that contextual freezing behav-
ior is fear and anxiety-related response, at least in part, mediated
by the hippocampus [5,26]. We speculated, based on the results
of these studies, that the intensity of hippocampal-dependent
fear and anxiety responses in adulthood due to early adversity
may differ between male and female rats.

There was no significant interaction between neonatal treat-
ments and gender with respect to locomotor activities or rearing
movements in the open-field test, anxiety-like behavior without
head dippings in the elevated plus maze test, or pain sensitivity
in the hot-plate test. In contrast, Rhees et al. [28] reported that
females were more active than males in both the sham-treated
and maternally separated groups. This difference may be due to
differences in the experimental paradigms such as the breeding
environment, age of animals, period of handling, etc.

It is noteworthy that the estrous cycle is an important factor
for mediating stress responses in females. Unfortunately, in the
present experiments, the behaviors of the female rats were not
tested at any specified or consistent time in their estrous cycle.
Rat behavior in an open-field test was reported to be indepen-
dent of hormonal variations during the estrous cycle [33], and
no significant difference in anxiety-like behavior was seen in
the elevated plus maze test during proestrus and diestrus {23].
In contrast, female rats were reported to show higher % open

arm times and % open arm entries during proestrus and estrus
than during diestrus [22]. Furthermore, Severino reported that
there was no significant interaction between neonatal handling
and estrous cycle phases on the percentage of open arm time
and percentage of open arm entries, but not total entries [31].
They reported that in diestrus the total number of arm entries in
handled females was higher than in the nonhandled group in the
same phase and also higher than in the handled females in estrus.
Based on these findings, further studies examining the influence
of the estrous cycle on anxiety-like behavior in the open arm test
are required.

There are several limitations in this study that should be taken
into consideration. First, the behavioral experiments in adult-
hood were undertaken during the light period but not the dark
period of the dark/light cycle. As in our study, numerous stud-
ies examining the influence of neonatal manipulations on the
adulthood behavioral responses to environmental stimuli, were
performed during the light phase [2,13,24,28,30-32]. However,
since the differences in the locomotor activity or anxiety-like
behavior [7,8] between the light and dark phase were reported,
assessment during both the light and dark phase is required to
promote our understanding of behavioral responses. Secondly,
the behaviors of the female rats were not tested at any specified or
consistent time in their estrous cycle. Thirdly, although Kosten
et al. [13] showed that 1 h of neonatal isolation during PN days
2-9 did not affect on estrous stage cyclicity, it cannot be ruled
out that the neonatal handling may affect estrous stage cyclic-
ity and may subsequently change the neuromodulatory role of
gonadal steroids on the adulthood behavior.

In summary, the present study clearly indicated that whereas
NI altered behavioral and emotional responses to environmental
stimuli in later life, NTS could reverse the effect of NI and pro-
mote behavioral and emotional responses, to the same extent,
in both sexes. In other words, an adequate tactile stimulation
in early life plays an important role in the prevention of sus-
ceptibility to environmental stimuli induced by an early adverse
experience. In addition, long-lasting behavioral and emotional
changes, induced by an early adverse experience, differ some-
what between male and female rats in adulthood.
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ABSTRACT Numerous studies have demonstrated that early adverse experiences
are associated with the development of susceptibility to stress later in life. Although it
is known that early experience of adversity, such as neonatal isolation, maternal sepa-
ration, and low maternal care, enhances the activity of the hypothalamo-pituitary-
adrenal axis in rodents, the detailed mechanism underlying stress susceptibility
induced by early adversity remains to be elucidated. Since neurotrophins have been
shown to have a neuroprotective effect, we examined the influence of repeated neona-
tal isolation on expression of nerve growth factor (NGF), glia cell-derived neurotrophic
factor (GDNF), and neurotrophin-3 mRNA in the hippocampus of juvenile and adult
rats subsequently exposed immobilization stress, using real-time quantitative PCR
and in situ hybridization. Neonatal isolation did not affect the basal hippocampal
expression of these neurotrophin mRNAs in either juvenile or adult rats not subse-
quently exposed to immobilization. Similarly, there was a significant interaction
between neonatal isolation and immobilization that affected the expression of NGF
and GDNF mRNAs. Neonatal isolation attenuated the induction of NGF mRNA in
both groups of rats and decreased GDNF mRNA in juvenile rats in response to immo-
bilization. The decreased induction of NGF mRNA and reduced GDNF mRNA in
response to immobilization was found in the CA3 pyramidal cell layer and dentate
gyrus granular cell layer in the hippocampus of adult rats that had been subjected to
neonatal isolation. These findings suggest that susceptibility to stress arising from
prior neonatal isolation might be a result of decreased neuroprotective support
through NGF and GDNF. Synapse 62:259-267, 2008. ©2008 Wiley-Liss, Inc.

neonatal isolation; immobilization; NGF; GDNF; NT-3; hippocampus

INTRODUCTION

Numerous preclinical studies have revealed that ex-
posure to either early adversity and/or long-term
stress in adulthood can lead to alterations in hippo-
campal structure and function. For example, chronic
adulthood stresses, such as forced immobilization or
restraint, have been reported to induce a significant
decrease in the dendritic length and the number of
branch points in hippocampal CA3 pyramidal neurons
(Vyas et al., 2002), and to atrophy of the apical den-
drites of CA3 pyramidal cells in the rat hippocampus
(Magarinos et al., 1995, 1996; Watanabe et al., 1992).

©2008 WILEY-LISS, INC.

Similarly, chronic parental separation induces a sig-
nificant decrease in the length of the dendrites of hip-
pocampal CAl pyramidal neurons, and a significant
reduction of granular cell spine density in the hippo-
campal dentate gyrus (DG) in the juvenile degus
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(Poeggel et al., 2003). In addition, there is a signifi-
cant reduction of mossy fiber density in the hippocam-
pus of adult rats subjected to repeated episodes of
maternal separation (Huot et al., 2002). Moreover, ju-
venile rats subjected to repeated episodes of maternal
separation experienced a significant decrease in the
volume and total number of BrdU-positive cells
within the DG as well as a significant increase in the
number of TUNEL-positive cells within this region of
the brain (Lee et al., 2001). Mild prenatal stress has
been shown to decrease synaptic density in the hippo-
campus of affected offspring (Hayashi et al,, 1998).
Taken together, these morphological findings suggest
that various types of stress affect synaptic structure.
However, the precise mechanism by which exposure
to stress induces morphological changes in the hippo-
campus remains to be elucidated.

Neurotrophic factors and growth factors play a crit-
ical role in the differentiation and maintenance of
neurons (Folli et al., 1996; Maisonpierre et al., 1990),
suggesting that these factors may be involved in
stress-induced synaptic remodeling. A significant re-
duction of brain-derived neurotrophic factor (BDNF)
mRNA was found in the hippocampus of adult
rats subjected to single and repeated episodes of
maternal separation (MacQueen et al., 2003; Roceri
et al.,, 2002). In contrast, the level of BDNF protein in
adult rats subjected to repeated episodes of maternal
separation was higher than that in adult rats sub-
jected to neonatal brief handling despite a similar
level of BDNF mRNA in these 2 groups (Greisen
et al., 2005). Furthermore, the level of BDNF mRNA
in the hippocampus of offspring of mothers that
exhibited a high degree of maternal care was signifi-
cantly higher than that in offspring of mothers that
exhibited a low degree of maternal care (Liu et al,,
2000). In contrast, a single episode of maternal sepa-
ration was reported to increase the level of nerve-
growth factor (NGF) mRNA in the developing rat hip-
pocampus (Cirulli et al., 1998, 2000). Recently, we
demonstrated that repeated episodes of neonatal iso-
lation led to a significant decrease in the level of insu-
lin-like growth factor (IGF) 1 receptor mRNA and
protein in the hippocampus of the corresponding
adult rats (Erabi et al., 2007). Although the influen-
ces of early adverse experiences on the expression of
neurotrophic and growth factors in the hippocampus
has been recognized, further studies focusing on other
factors such as NGF, glia cell-derived neurotrophic
factor (GDNF), and neurotrophin-3 (NT-3), are
required to elucidate the involvement of these factors
in the morphological changes in response to early
adversity.

In this report, we examined the effect of repeated
episodes of neonatal isolation on the levels of NGF,
GDNF, and NT-3 mRNA in the hippocampus of juve-
nile (28-day-old) and adult (90-day-old) rats. In addi-
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tion, epidemiological studies of mental disorders have
suggested that early adverse experiences increase the
susceptibility to mental disorders in response to
stress. Therefore, we also examined the levels of these
neurotrophic factors in response to a single episode of
immobilization stress (SIS) in juvenile and adult ani-
mals that had been previously exposed to repeated
episodes of neonatal isolation.

MATERIALS AND METHODS
Animals

Pregnant female Sprague-Dawley rats were pur-
chased from Charles River Japan (Yokohama, Japan).
The rats were housed individually in a breeding col-
ony at constant room temperature (23°C * 2°C) and
humidity (60%) with a 12 h/12 h light/dark cycle
(lights on 8 AM to 8 PM). Food and water were pro-
vided ad libitum. The litters were culled to 12 pups
on postnatal day 1 (PN day 1).

Neonatal isolation paradigm

The mothers and pups of the nonisolated group
were left undisturbed until weaning. Neonatal isola-
tion was conducted according to the method of Kehoe
and Bronzino (1999). Pups were isolated from the
dam, nest, and siblings and placed in individual
round containers for 1 h per day on PN days 2-9. All
litters were weaned on PN day 21, separated on the
basis of sex, and maintained with ad libitum access to
food and water. Only the male rats were subjected to
the following experimental procedure. All animal
procedures were conducted in accordance with the
Guiding Principles on Animal Experimentations in
Research Facilities for Laboratory Animal Science
Hiroshima University and approved by Hiroshima
University Animal Care Committee.

Single immobilization stress paradigm

On PN day 28 (juvenile) or 90 (adult), half of both
the isolated and nonisolated rats were subjected to a
single restraint stress (SRS) for 2 h. The immobiliza-
tion stress was conducted as described previously
(Morinobu et al., 2003; Suenaga et al., 2004). Briefly,
rats were immobilized in clear polyethylene dispos-
able cone bags (Asahikasei, Tokyo, Japan), sized so
that rats were equally immobilized. Animals were
sacrificed by decapitation after completion of the
immobilization stress. On PN day 28 or 90, isolated
and nonisolated rats (sham) were sacrificed by decapi-
tation. The hippocampus was isolated, immediately
frozen, stored at —70°C, and used for real-time quan-
titative PCR analysis. In this procedure, the lateral
choroid plexus was carefully removed from the hippo-
campus. For in situ hybridization, brains were
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TABLE I. Primer and probe sequences used for real time PCR
NGF

AGCCCACTGGACTAAACTTCAGC
GGGCACTGCGGGCTC

Forward primer
Reverse primer

TagMan prove TTCCCTTGACACAGCCCTCCGC
GDNF Forward primer ACTCCCTCGGCCACCG
Reverse primer ATAATCTTCGGGCATATTGGAGTC
TaqMan prove CGTGCCCTTCGCGCTGACC
NT-3 Forward primer GAGGCACCCAGAGAACCAGA
Reverse primer TTGCAATCATCGGCTGGA

TagMan prove CAGGGAGAGGCCACCAGGTCAGAA

Forward primer: 5’ to 3'; Reverse primer: 5 to 3’; TaqMan probe: 5 [FAM] to
3' {[TAMRA).

removed rapidly, immediately frozen, and stored at
-70°C.

Four groups of both juvenile and adult rats [sub-
jected to neonatal isolation followed by SRS (NI +
SRS); neonatal isolation alone (NI); SRS alone (SRS);
or sham treatment (Sham)] were used for real-time
quantitative PCR. No more than two rats per experi-
mental group were from any single litter. A total of
24 juvenile and 51 adult rats were subjected to real-
time quantitative PCR analysis and a different set of
rats was used for each experiment (real-time quanti-
tative PCR and hybridization).

Real-time quantitative PCR

Total RNA was extracted with an RNAqueous Phe-
nol-free Total RNA Isolation Kit (Ambion, Austin,
TX). After treatment with RNase-free DNase
I (Takara, Kusatsu, Japan), real-time quantitative
PCR was performed with an ABI PRISM 7700
sequence detection system (Applied Biosystems, Fos-
ter City, CA) to quantify relative mRNA levels in
samples. Real-time quantitative PCR was performed
to amplify the genes encoding NGF, GDNF, and NT-3.
The primers and TaqMan hybridization probe were
designed using Primer Express software (Applied Bio-
systems). Table I shows the sequences and associated
fluorescent dye of each PCR primers and TagMan
probe. The TagMan probes, which were designed to
hybridize to the PCR products, were labeled with a
fluorescent reporter dye at the 5 end and a quench-
ing dye at the 3' end. PCR was carried out using the
TagMan Universal PCR Master Mix (Applied Biosys-
tems). All standards and samples were assayed in
triplicate. Each plate contained the same standard.
Thermal cycling was initiated with an initial denatu-
ration at 50°C for 2 min and 95°C for 10 min. After
this initial step, 40 cycles of PCR (heating at 95°C for
15 s and 60°C for 1 min) were performed. The PCR
assay for glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was performed using TagMan Rodent
GAPDH Control Reagents (Applied Biosystems). The
PCR assays on. the test samples were performed
simultaneously with the assays on the standard sam-
ples (rat brain tissue), which allowed us to construct
a standard curve. The estimated relative expression
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of GAPDH and NGF, GDNF, or NT-3 mRNAs in the
test samples- were calculated using this standard
curve and the ratio of the relative expression of NGF,
GDNF, or NT-3 mRNAs was calculated relative to the
expression of GAPDH. '

Hybridization paradigm

Analysis of NGF and GDNF expression by in situ
hybridization was conducted according to the method
of Wetmore et al. (1992) with a minor modification.
Oligonucleotide probes complementary to parts of the
mRNAs encoding NGF and GDNF were synthesized
and labeled with DIG at the 5 end. The following
antisense DNA oligonucleotides were used: NGF: 5'-
CTG CGG GCT CTG CGG AGG GCT GTG TCA AGG
GAA TGC TGA AGT TTA GTC CA-3' (Nosrat et al.,
1997) and GDNF: 5-AGC CAC CAT CAA AAG ACT
GAA AAG GTC ACC AGA TAA ACA AGC GGC GGC
A-3' (Lin et al., 1993).

Fresh-frozen coronal brain sections (15 pm) through
the hippocampus were prepared using a cryostat,
thaw-mounted onto slides (Matsunami, Kishiwada,
Japan) and fixed with 4% paraformaldehyde for 5
min. Sections were hybridized for 18 h at 42°C in a
humidified chamber with at least 0.5 ng probe/slide
in a mixture of 4 X SSC (1 X SSC = 0.15 M NaCl/
0.015 M sodium citrate), 50% formamide, 1 X Den-
hardt’s solution (0.02% each of polyvinylpyrrolidone,
bovine serum albumin, and Ficoll), 1% sarcosyl,
0.02 M phosphate buffer (pH 7.0), 10% dextran sul-
fate, 1 mg/ml of yeast RNA, and 200 mM dithiothre-
itol. Following hybridization, slides were rinsed for
5 X 15 min at 55°C in 2 X SSC, and allowed to reach
room temperature. The sections were then incubated
at 4°C overnight with an antidigoxigenin-alkaline
phosphatase conjugate (Roche, Basel, Switzerland).
After the incubation, the sections were extensively
washed in PBT containing 0.2% BSA and 4 mM Leva-
misol, then washed in the reaction buffer (100 mM
NaCl, 100 mM TrisHCL at pH 9.5, 50 mM MgCl,,
0.1% Tween 20, and 4 mM Levamisol), and incubated
with chromagen containing nitroblue tetrazolium salt
(337 mg/ml) and 5-bromo-4-chloro-3-indoyl phosphate
(175 mg/ml) according to the manufacturer’s protocol
(Roche). After color development (DIG labeling is
visualized as a blue reaction product under light mi-
croscopy), slides were photographed under light mi-
croscopy (Model BZ-8000) (Keyence, Osaka, Japan).
The mean density of sections was measured in the
CA1l and CAS3 regions (400 pm X 400 pm), and gran-
ule cell layer of the DG (400 pm X 200 pm) using the
NIH Scion Image analysis program (Figs. 3a and 4a).

Statistical analysis

Results were expressed as mean * SEM. The
results of real-time quantitative PCR were analyzed

Synapse DOI 10.1002/syn



262

by two-way analysis of variance (ANOVA) (neonatal
isolation X single immobilization stress), and posthoc
comparisons were performed using Scheffe’s test. For
hybridization analyses, the results of experiments
containing two groups of rats were analyzed by the
Mann-Whitney U test. Significance was set at P <
0.05.

RESULTS

We first performed real-time quantitative PCR
analysis to measure NGF, GDNF, and NT-3 mRNA in
RNA isolated from the hippocampus of juvenile and
adult rats subjected to either neonatal isolation fol-
lowed by SIS (NI + SIS), neonatal isolation alone
(NI), SIS alone (SIS) or sham treatment. In both juve-
nile and adult rats, two-way ANOVA showed no sig-
nificant effect of NI [juvenile: F(1, 23) = 2.652, P =
0.119; adult: F(1, 23) = 4.257, P = 0.051] on the level
of NGF mRNA, but revealed a significant effect of
SIS [juvenile: F(1, 23) = 7.093, P = 0.015; adult: F(1,
23) = 4.926, P = 0.037], and a significant interaction
between NI and SIS [juvenile: F(1, 23) = 12437, P =
0.002; adult: F(1, 23) = 6.605, P = 0.017] (Figs. 1a
and 2a). Posthoc analysis revealed that the levels of
NGF mRNA in the SIS group was significantly higher
(P < 0.05) than those in the Sham or NI + SIS group
for both juveniles and adults (Figs. 1a and 2a). How-
ever, there was no significant difference between the
level of NGF mRNA in the NI + SIS and Sham
groups. In situ hybridization analysis demonstrated
that the level of NGF mRNA in the CA3 pyramidal
cell layer (P = 0.022) and the DG granular cell layer
(P = 0.002) of the NI + SIS group was significantly
lower than that in the SIS group in adulthood (Figs.
3a and 3b).

In the analyses of GDNF mRNA in juvenile rats,
we observed no significant effect of SIS on the level of
GDNF mRNA [F(1, 23) = 0.877, P = 0.360], but we
did observe a significant effect of NI [F(1, 23) =
8.865, P = 0.007]. We found the trend toward signifi-
cant interaction between NI and SIS [F(1, 23) =
4.328, P = 0.051] (Fig. 1b). Posthoc analysis revealed
that the level of GDNF mRNA (P < 0.05) in the NI +
SIS group was significantly lower than that in the
SIS group (Fig. 1b). In adulthood, we observed no sig-
nificant effect of NI on the level of GDNF mRNA
{F(1, 23) = 0.017, P = 0.935], but we did observe a
significant effect of SIS [F(1, 23) = 8.172, P = 0.009],
as well as a significant interaction between NI and
SIS [F(1, 23) = 12.143, P = 0.002] (Fig. 2b). Posthoc
analysis revealed that the level of GDNF mRNA (P <
0.05) in the NI + SIS group was significantly lower
than that in the NI group (Fig. 2b). The levels of
GDNF mRNA in the Sham group also tended to be
lower than that in the NI group, although the differ-
ence did not reach statistical significance (P = 0.096).
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Fig. 1. Expression of (a) NGF, (b) GDNF, and (¢) NT-3 mRNA
in the hippocampus of juvenile rats subjected to sham treatment
(Sham), neonatal isolation alone (NI), single immobilization stress
alone (SIS), and neonatal isolation followed by a single immobiliza-
tion stress (NI + SIS). Results are expressed as the ratio of the con-
centration of the target neurotrophin to that of GAPDH (target neu-
rotrophin/GAPDH) percentage of Sham levels. The mean * SEM (n
= 6) is shown. *P < 0.05 compared with sham, *P < 0.05 compared
with SIS, *P < 0.05 compared with NI + SIS, *P < 0.05 compared
with Sham and NI (two-way ANOVA followed by Scheffe’s test).

In situ hybridization analysis demonstrated that the
level of GDNF mRNA in the CAl (P = 0.004) and
CA3 (P = 0.025) pyramidal cell layers and the DG (P
= 0.010) granular cell layer of the NI + SIS group
was significantly lower than that in the NI group
(Fig. 4).
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Fig. 2. Expression of (a) NGF, (b) GDNF, and (¢) NT-3 mRNA in
the hippocampus of adult rats subjected to sham treatment (Sham),
neonatal isolation alone (NI), single immobilization stress alone
(SIS), and neonatal isolation followed by a single immobilization
stress (NI + SIS). Results are expressed as the ratio of the concen-
tration of the target neurotrophin to that of GAPDH (target neuro-
trophin/GAPDH) percentage of Sham levels. The mean * SEM (n =
6-8) is shown. *P < 0.05 compared with sham, *P < 0.05 compared
with NI, *P < 0.05 compared with NI + SIS, %P < 0.05 compared
with Sham and NI (two-way ANOVA followed by Scheffe’s test).

In both juvenile and adult rats, two-way ANOVA
showed no significant effect of NI on the level of NT-3
mRNA {juvenile: F(1, 23) = 1.084, P = 0.309; adult:
FQ, 23) = 2.539, P = 0.125), but did show a signifi-
cant effect of SIS [juvenile: F(1, 23) = 13.285, P =

263

0.001; adult: F(1, 23) = 15.136, P = 0.001], but no
significant interaction between NI and SIS [juvenile:
F(1, 23) = 0.611, P = 0.443; adult: F(1, 23) = 2.319, P
= (.141] (Figs. 1c and 2c). Posthoc analysis revealed
that the level of NT3 mRNA in rats subjected to SIS
was significantly higher (P < 0.05) than that in juve-
nile and adult rats not subjected to SIS.

DISCUSSION

The results of the present study demonstrate that
repeated episodes of neonatal isolation do not affect
the basal levels of NGF, GDNF, or NT-3 mRNA in the
hippocampus of juvenile or adult rats not subse-
quently subjected to immobilization stress. However,
we did observe a significant effect of NI on the basal
level of GDNF mRNA in juvenile rats. The neonatal
isolation paradigm wused in this study has been
reported to alter plasma corticosterone responses to
restraint stress in juveniles and adults (Erabi et al.,
2007; McCormick et al., 2002). This paradigm has
also been reported to alter the levels of insulin-like
growth factor-I (IGF-1) receptor and IGF binding pro-
tein-2 in the hippocampus in response to adulthood
restraint stress (Erabi et al., 2007). Thus, it is likely
that this neonatal isolation paradigm can affect the
expression of neurotrophins in response to immobili-
zation stress later in life.

Two studies conducted by Crelli et al. (1998, 2000)
examined the influence of early adverse experiences
on the expression of NGF in the rat hippocampus.
The former study showed that a single brief episode
of maternal separation (45 min) on PN day 3 signifi-
cantly increased the level of NGF mRNA in the hip-
pocampus of 3-day-old rats (Cirulli et al., 1998). Simi-
larly, the latter study indicated that a single 1-h epi-
sode of maternal separation on PN day 9 or a single
3-h episode of maternal.separation on PN day 16 sig-
nificantly increased NGF mRNA in the DG (Cirulli
et al., 2000). However, we found no significant influ-
ence of neonatal isolation on expression of NFG
mRNA in the hippocampus of 28- or 90-day-old rats,
and it may be that the effects of early adverse experi-
ence may no longer manifest at PN day 28. Further
studies are necessary to determine whether there is a
specific period of time during which neonatal isolation
can affect the levels of NGF mRNA in the hippocam-
pus. In contrast to studies using NGF (Cirulli et al.,
1998, 2000), there has been no previous study exam-
ining the influence of early adversity on the basal lev-
els of GDNF and NT-3 mRNA in the adult rat hippo-
campus. We have shown here that the level of neither
GDNF nor NT-3 mRNA is altered in the hippocampus
of 28- or 90-day-old rats that had been subjected to
repeated episodes of neonatal isolation. In contrast to
what has been reported for BDNF (Roceri et al., 2002,
2004), we did not find any change in the basal level of
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Fig. 3. Analysis of NGF mRNA expression by in situ hybridiza-
tion in the adult rat hippocampus. (a) NGF mRNA expression in
the rat hippocampus. SIS, single immobilization stress, NI + SIS,
neonatal isolation followed by a single immobilization stress. (b)
Mean density of NGF mRNA in the CAl and CA3 pyramidal cell
layers, and the dentate gyrus granular cell layer in the hippocam-

NGF, GDNF, or NT-3 mRNA in the hippocampus of
juvenile or adult rats that had been subjected solely
to repeated episodes of neonatal isolation.

In this study, we also observed that exposure of rats
to neonatal isolation abrogated the increase in the
level of NGF mRNA that subsequently occurs in the
same rats exposed to a single episode of immobiliza-
tion as juveniles or adults. Furthermore, the exposure
of rats to neonatal isolation decreased the level of
GDNF mRNA in response to a single immobilization
in juvenile rats. Recently, maternal separation (from
Day PN 2 to PN day 14) has been shown to affect the
level of NGF and NT-3 in the hippocampus of rats in

response to single swim stress on PN day 35 and PN’
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pus of adult rats subjected to single immobilization stress (SIS) and
neonatal isolation followed by a single immobilization stress (NI +
SIS). Results are expressed as the percentage of SIS levels. The
mean * SEM (SIS: n = 7; NI + SIS: n = 6) is shown. *P < 0.05
compared with SIS (Mann-Whitney U test). CA, cornu anmonis;
DG, dentate gyrus.

day 60 (Faure et al., 2006). Faure et al., (2006) demon-
strated that adolescent and adult rats subjected te the
swim stress expressed significantly higher levels of
NGF and NT-3 in the hippocampus if they had been
previously subjected to repeated episodes of maternal
separation. Unfortunately, since they did not evaluate
the influence of swim stress on the levels of NGF and
NT-3 in the hippocampus of adult rats that had not
been subjected to maternal separation as neonates, it
is difficult to determine the effect of repeated episodes
of maternal separation on the response of NGF and
NT-3 to swim stress during adulthood.

Whereas subjection of adult rats to a single 8-h epi-
sode of immobilization stress leads to a significant
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- Fig. 4. Analysis of GDNF mRNA expression by in situ hybrid-
ization in the adult rat hippocampus. (a) GDNF mRNA expression
in the rat hippocampus. NI, neonatal iselation; NI + SIS, neonatal
isolation followed by a single immobilization stress. (b) Mean den-
sity of GDNF mRNA in the CAl and CA3 pyramidal cell layers, and
the dentate gyrus granular cell layer in the hippocampus of adult

reduction in the level of NGF in the hippocampus
(Ueyama et al., 1997), traumatic brain injury (Grundy
et al., 2001), subchronic cold stress (Foreman et al.,
1993), immobilization stress (Smith and Clazza, 1996;
Smith et al.,, 1995), and glucocorticoids (Mocchetti
et al., 1996; Sun et al., 1993) significantly increase
the expression of NGF in the rat hippocampus. These
data indicating that stress-induced activation of the
hypothalamo-pituitary-adrenal (HPA) axis upregu-
lates the expression of NGF in the hippocampus, are
consistent with the present findings. On the basis of
the functional properties of NGF (Semkova and
Kriegsten, 1999; Sofroniew et al., 2001; Tabakman
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rats subjected to neonatal isolation (NI) and neonatal isolation fol-
lowed by a single immobilization stress (NI + SIS). Results are
expressed as the percentage of the SIS levels. The mean + SEM
(NL: n = 7; NI + SIS: n = 6) is shown. *P < 0.05 compared with NI
(Mann-Whitney U test). CA, cornu anmonis; DG, dentate gyrus.

et al., 2005), the induction of NGF in response to
stress may be associated with neuroprotective
responses. As such, the decreased response of NGF
induction in both juvenile and adult rats and the
decreased level of GDNF in juvenile, but not adult,
rats in response to immobilization stress in the adult
rats subjected to neonatal isolation may be, at least
in part, involved in the stress susceptibility in later
life due to neonatal isolation.

It is unclear how neonatal isolation attenuates the
increased expression of NGF and GDNF in response
to adulthood immobilization stress. Since activation of
the HPA axis increases NGF expression in the rat
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brain (Mocchetti et al., 1996; Sun et al., 1993), it is
hypothesized that the decreased response of the HPA
axis to adulthood immobilization may account for the
decreased induction of NGF in the rats subjected to
neonatal isolation. . However, we have recently
reported that the corticosterone response following a
single 2-h restraint stress in adult rats previously
subjected to neonatal isolation was significantly
enhanced compared with the effect in adult rats not
previously subjected to neonatal isolation (Erabi
et al., 2007). On the basis of our recent finding, it is
unlikely that the HPA axis is involved in attenuation
of the induction of NGF in adult rats that had been
previously subjected to neonatal isolation.

Early adverse experiences have been suggested to
alter epigenetic programming through DNA methyla-
tion and histone acetylation (Weaver et al., 2004).
Weaver et al. (2004) demonstrated that low levels of
maternal care markedly induced cytosine methylation
in the promoter of the glucocorticoid receptor (GR).
This increased methylation inhibited the stimulation
of GR mRNA expression in response to restraint
stress in adult rats, due to inhibition of the binding of
NGF1A to the GR promoter. In analogy, the induction
of cytosine methylation in transcription-factor binding
regions of the promoters of NGF or GDNF genes fol-
lowing neonatal isolation might lead to a reduction of
the induction of NGF and GDNF in response to
immobilization stress in adult rats. Further studies
examining the effect of neonatal isolation on cytosine
methylation in the promoters of these genes are
needed to elucidate the mechanism of the inhibition
of gene induction.

In summary, repeated episodes of neonatal isolation
inhibit the induction of NGF in the hippocampus of
juvenile and adult rats, and decrease the levels of
GDNF in the hippocampus of juvenile rats in
response to a SIS, but have no significant effect on
the basal expression of these mRNAs in the absence
of immobilization stress. These findings suggest that
the susceptibility to stress derived from experience of
neonatal isolation might play a role in decreased neu-
roprotective support in response to subsequent expo-
sure to stress later in file through the down regula-
tion of NGF induction and decreased expression of
GDNF.
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ABSTRACT

Objective: Although depression is a prevalent and burdensome psychiatric problem in
end-of-life cancer patients, little is known about its susceptibility to treatment, especially
when patients reach very close to the end of life. This study was conducted to evaluate
response rate of that end-of-life depression to psychiatric intervention and to assess the -
feasibility of conventional evidence-based pharmacological therapy for depression.

Methods: The medical records of 20 patients who were referred to the psychiatry
division for major depressive disorder and died within 3 months after the referral were
reviewed. The Clinical Global Impression—-Improvement (CGI-I) Scale was used for each
case, and responders were defined as patients whose scores were much or very much
improved. All pharmacological treatments were extracted, and the doses of the
antidepressant prescribed were compared to their evidence-based-defined therapeutic
doses.

Results: Of the 20 patients, seven were responders, but no response was achieved
when the survival time was less than 3 weeks. Most patients were treated with
antidepressants, but the doses prescribed were far less than the defined doses, especially
the doses of the tricyclic antidepressants (TCAs).

Significance of results: These results suggested that patients’ survival time largely
determines susceptibility to psychiatric treatment, and it is hard to achieve response in
patients whose survival time was less than about 1 month. Implementation of
conventional evidence-based pharmacological treatment is difficult, especially with TCAs,
and various antidepressants, which can be administrated by other routes, are needed
when oral intake is impossible.
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INTRODUCTION .

Depression is the most prevalent and distressing
psychiatric issue in terminally ill patients with

advanced cancer. The prevalence of depression in

such patients deduced by rigorous methods (e.g.,
structured clinical interview) has been reported to
be 5%—26%, with a median value of 15% (Hotopf
et al., 2002) Several studies have indicated that
depression can have a serious negative impact on
terminally ill patients with advanced cancer, in-
cluding reducing their quality of life (Grassi et al.,
1996) causing severe suffering (Cherny et al., 1994),
causing a desire for early death and requests for
physician-assisted suicide and/or euthanasia (Brown
et al., 1986; Chochinov et al., 1995; Breitbart et al.,
2000; Akechi et al., 2002), and suicide (Henriksson
et al., 1995) as well as psychological distress in
family members (Cassileth et al., 1985).
Treatment of depression in patients very near
the end of life is very challenging. The illness tra-
jectory of cancer shows steady progression in the
beginning, but a very rapid decline in the final few
months. In about the last 3 months of the cancer
journey, patients must confront one major stressful
event after another, such as weight loss, reduction
in performance status, and impaired ability for self
care (Lunney et al., 2003; Murray et al., 2005). Pain
and other burdensome physical symptoms may also
exacerbate depression (Chochinov et al., 1995). Man-

agement that combines psychosocial and pharmaco- -

logical intervention is recommended for end-of-life
depression (Wilson et al., 2000; Pessin et al., 2003),
and in our institution, psychiatrists specializing in
psycho-oncology have tried to treat such depression
aggressively. However, because of the very few em-
pirical studies concerning its susceptibility to treat-
ment, we have wondered if patients benefit from
aggressive treatment, which may cause adverse
events, as many palliative care physicians have
been reluctant to prescribe antidepressants (Law-
rie et al., 2004).

Focusing on pharmacotherapy, which is a key
treatment for depression, to achieve conventional
pharmacotherapy, which is defined based-on evi-
dence from physically healthy patients, may be
difficult for these patients in regard to duration
and dose prescribed. Some randomized controlled
trials have shown that antidepressants can im-
prove depression in advanced cancer patients (Costa
et al., 1985; Holland et al., 1998; Fisch et al., 2003)
However, there is not enough time to treat patients
near the end of life, because, although side effects
appears early, it takes 6—-8 weeks to achieve full
symptom reduction with antidepressants (Gab-
bard, 2000). Moreover, prescribing evidence-based
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therapeutic doses may be difficult in end-of-life
cancer patients because of side effects, especially
those of tricyclic antidepressants (TCAs; Popkin
et al., 1985; Lloyd-Williams et al., 1999).

In this study, we reviewed our treatment experi-
ence and discussed future clinical implications. The
primary aim of the study was to determine whether
or not depression in very near end-of-life cancer
patients is treatable, and we assessed the response
of patients to psychiatric intervention. The second-
ary aim of the study was to determine the feasi-
bility of pharmacotherapy, especially in regard to
duration and dose prescribed.

METHODS

Study Sample

All psychiatric consultations referred to the Psychi-
atry Division, National Cancer Center Hospital East
(NCCH-E), Japan, between August 2002 and De-
cember 2003 were reviewed. All psychiatric consul-
tations were recorded in a computerized database
(Akechi et al., 2001), and we constructed another
database for consultations of major depression in
advanced cancer patients in this period as a part of
a pharmacological treatment algorithm study (Aki-
zuki et al., 2002). This major depression database
include patients’ demographic factors, medical fac-
tors such as cancer site, performance status, and

" pain intensity, starting date of psychiatric consul-

tation, selected antidepressant and its dose, and
date of death. Using the above two databases, we
extracted cases that met the following inclusion
criteria: (1) clinical diagnosis of a major depressive
disorder based on DSM-IV and (2) cancer death
within 90 days of the start of psychiatric treatment.
Patients were excluded from the study if follow-up
was impossible for any reason, such as transfer.
Because this study was a retrospective review of
clinical practices, written consent and institutional
review board approval were not obtained.

Psychiatric Intervention

Psychiatric intervention was mainly composed of
psychotherapy, pharmacotherapy, family support,
and recommendation of physical symptom manage-
ment from the standpoint of depression man-
agement. Each component is described in detail
below.

Psychotherapy

Psychotherapy was individualized and modified for
each patient. Supportive psychotherapy consisted
of active listening with supportive verbal inter-
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vention and the occasional interpretation is the
fundamental element. Psychiatrists maintained on-
going contact and allowed patients to talk about
anything they wanted, for example, their life, expe-
rience, death, and so on. Cognitive-behavioral in-
" terventions, such as relaxation and distraction
with pleasant imagery, were also used. A psycho-
educational approach with realistic assurance was
used for patients who felt anxiety c - hopelessness
because of any misunderstandings (Wilson et al,,
2000; Pessin et al., 2003).

Pharmacotherapy

We had previously developed a pharmacological
treatment algorithm (Nakano et al., 1999), and the
second version of the algorithm was used during
the study period. One of two TCA antidepressants,
clomipramine or amitriptyline, was chosen for pa-
tients unable to take drugs by mouth because these
were the only antidepressants available in paren-
teral formula in Japan. Alprazolam or methylphe-
nidate was chosen because of their rapid onset of
action for patients with mild depression. Drugs
were chosen because of their side effect profile for
the other patients. For example, SSRI was avoided
because it exacerbates nausea in patients with nau-
sea. All drugs were started at the lowest possible
‘dose, and the dose was escalated over the following
3-6 days till the optimal dose.

Family Support

Depression in cancer patients is closely associated
with psychological distress in family members
(Cassileth et al., 1985), and psychological distress
in the family may cause low social support, which is
associated with patient’s depression (Wilson et al.,
2000). We also evaluated family distress and gave
family members some advice. When a family mem-
ber’s distress was severe, we sometimes recom-
mended consultation in our psycho-oncology clinic.

Recommendation of Physical Treatment

Physical symptoms, such as pain and fatigue, are
closely associated with depression. If we concluded
that patients’ physical symptoms affected the pa-
tients’ depression, we recommend that the attend-
ing oncologist treat the symptom or sometime to
consult with a specialist in physical symptom
management. :

Judgment of Improvement

A structured clinical interview based on the DSM-IV
criteria (employing an inclusive approach) was used

5

to diagnose major depressive disorder, and nine
symptoms for major depressive episodes were rou-
tinely evaluated and recorded on the medical charts.
Final determination of the psychiatric diagnoses
and the follow-up evaluation of the patients were
discussed at a weekly meeting of the psychiatric
division. Treatment outcome in the present study
was retrospectively rated by two independent psy-
chiatrists (K.S., M.S.) according to the Clinical Glo-
bal Impression-Improvement (CGI-I) Scale (Guy,
1976), and we assessed the change from baseline to
the point when the greatest improvement was
achieved. We used an anchor point that had been
used in another study of terminal major depression
(Table 1; Macleod, 1998). A “response” was defined
when a patient’s rating on the CGI-I was “very
much improved” or “much improved,” even in a
short period. The reliability (kappa coefficient) of
the rating for whether response had been achieved
was 0.66. Whenever the raters disagreed, disagree-
ments were discussed and a final rating was made.

Duration and Dose of Psychotropic
Drugs Prescribed

We assumed that conventional evidence-based treat-
ments for depression in noncancer patients were
applicable (Berney et al., 2000), while accepting
that further research is required to establish this.
All pharmacological treatment to alleviate depres-

" sive symptoms was extracted from the medical

charts. We evaluated “prescribed duration,” which
is the number of days the antidepressant was pre-
scribed, and “% optimal dose,” which is the dose
administered as a percentage of the minimal opti-
mal dose defined by the Japanese Ministry of Health,
Labor and Welfare, based on results of clinical tri-
als. If the dose prescribed was above the minimal
optimal dose but within the defined range of the

Table 1. Anchor points of the Clinical Global
Impression-Improvement Scale

Very much improved:
a complete or nearly complete remission of all
depressive symptoms.

Much improved:
improvement in several symptoms but without
complete remission.

Minimally improved:
minor improvement in mood without improvement
in other symptoms.

No change or worse:
other than those above.
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optimal dose, the “% optimal dosage” was evaluated
as 100%. However, because of recent evidence sug-
gesting that the TCAs prescribed may be effective
at a dose of 75 mg (Furukawa et al., 2002), that dose
was defined as the optimal dose for these agents. If
pharmacotherapy was discontinued, the reason was
also extracted.

Statistical Analysis

All patients who were prescribed psychotropic drugs
were dichotomized into TCAs group and non-TCAs
group, and “% optimal dose” was compared by the
Mann—Whitney U test. All analyses were performed
using SPSS 12.0 J for Windows statistical software
(SPSS Japan Institute).

RESULTS

During the study period, 65 patients were referred
to the psychiatry division and diagnosed with major
depressive episodes. Nine patients were excluded
from the analysis because follow-up was impossible
due to transfer. Of the remaining 56 patients, 20
died within 90 days of the psychiatric referral and
were included in this study. Their demographic
characteristics, tumor sites, length of survival, pain
intensity, and performance status as defined by
Eastern Cooperating Oncology Group are listed in
Table 2.

Table 3 shows the detailed course of treatment of
all 20 patients. “Very much improved” was not
achieved in any of the patients, but “much im-
proved” was achieved in 7 (35%), and they were

Table 2. Characteristics of patients

Patient number ' 20
Age (mean * SD, median) 59 £ 11,60.5
Gender 10 men, 10 women

Lung (4), stomach (4),
esophagus (4), colon (3),

Primary tumor site

others (5)

Survival length (mean + SD) 41 + 29 days
Current pain intensity

0 (none) 7
.1 (a little) 6

2 (tolerable) 5

3 (intolerable) 2
Performance status (ECOQG)

0 : 0

1 1

2 5

3 11

4 3

Shimizu et al.

recorded as “response.” Minimal improvement was
achieved in three of the other 13 patients, and 10
showed no improvement at all. A “response” was not
achieved in any of the eight patients who died within

‘3 weeks of the beginning of psychiatric treatment.

" As shown in Table 3, one patient was treated by
psychotherapy alone, and 19 patients received phar-
macotherapy from start to the end of their psychi-
atric treatment for depression. The “prescribed
duration” was shorter than survival time in most
patients, and in four patients, it was shorter than
10 days, even when the survival time was more
than 1 month. One patient received terminal seda-
tion, but treatment for depression was stopped in
the other 18 patients because of the development of
terminal delirium.

Only five of the 19 patients were treated with the
optimal dose of the psychotropic agent, and 11 of the
19 patients were treated with less than half that of
the minimal optimal dose. All seven patients who
were treated with antidepressant intravenously were
chosen amitriptyline or clomipramine because oral
intake was impossible. The median “percent of
optimal dose” in the nine patients who were pre-
scribed TCAs (amitriptyline, clomipramine, and nor-
triptyline) was 16.7%, and significantly lower than
that of the other drugs (median 83.9%; p = .007).

DISCUSSION

This is a preliminary study whose results provide
information on whether major depression in termi-
nally ill cancer patients is treatable by psychiatric
intervention or not. The results suggest the thera-
peutic potential of psychiatric intervention, be- .
cause one third showed considerable improvement
of their depressive symptoms, even though no pa-
tient could achieve complete remission. Another
important finding was that no responses were
achieved in the patients whose survival time was
less than 3 weeks.

The closer end-of-life cancer patients approach
death, the more untreatable their depression may
become. Macleod et al. assessed the efficacy of
methylphenidate for major depression in the termi-
nally ill and observed a response in 50% of those
who survived more than 6 weeks as opposed in only
7% of those who survived less than 6 weeks (Macleod,
1998). In our study, also dividing patients by 6
weeks of survival time, 54.5% (6/11) of those who
survived more than 6 weeks showed a response, as
opposed to only 11.1% of those who survived less -
than 6 weeks. Qur colleagues previously reported
successful antidepressant treatment of major de-
pression in six end-of-life patients whose median
survival was 4 weeks (Kugaya et al., 1999), but
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these cases may be a minority in whole treated very
near end-of-life depression. Although both our re-
sult and Macleod’s are preliminary, they suggest
that patients’ survival time largely determines treat-
ability, and about 1 month may be the turning
point. Aggressive pharmacotherapy often induces
adverse effects in cancer patients (Popkin et al.,
1985), so setting impossible goals of treatment may
cause them unnecessary suffering. Treatment by
the usual strategy for depression may be harmful to
patients whose life expectancy is estimated to be
less than 1 month. For those patients, alternative
approaches should be considered, including with-
holding administration of antidepressants.

As a proactive approach, early detection and
treatment may be the key to overcoming end-of-life
depression. There exists the condition of the under-
recognition and the introduction of treatment too
late in end-of-life depression, and this may lead to
missing the chance to treat (Lloyd-Williams et al.,
1999). Screening end-of-life patients for depression
can be an important approach (Hotopf et al., 2002).
In addition, development of novel methods of pre-
ventiving major depression among end-of-life can-
cer patients is needed. ’

The results of our study suggested that phar-
" macotherapy for end-of-life depression is diffi-
cult. The short survival time restricts the duration
of treatment, and the development of delirium
prevents continuation of pharmacotherapy. The
psychotropic agents, especially the TCAs, were pre-
scribed in fairly low doses, and a previous study
showed results similar to ours in a British pallia-
tive care setting (Lloyd-Williams et al., 1999). Even
with specialized knowledge of psychopharmacol-
ogy, it was hard to achieve the optimal dose, which
was defined based on physically healthy subjects.
Delirium in the terminally ill occurs in most pa-
tients (Lawlor et al., 2000), and psychiatrists must
be very cautious about treating with drugs such as
TCAs that sometimes induce delirium (Degner et al.,
2004). TCAs may be a difficult choice for depression
in the terminally ill, but about half the patients in
our study were prescribed TCAs in very low doses.
Terminally ill cancer patients often lack a function-
ing gastrointestinal tract, and psychiatrists chose
intravenous TCAs in such a case. A variety of anti-
depressants that can be administered by alternate
routes are needed when oral intake is impossible
(Koelle & Dimsdale, 1998).

There were several limitations in this study. First,
it was based on a retrospective chart review of
clinical practice at a single teaching cancer center
hospital. Because there were biases due to patient
selection and physician’s influence, caution is re-
quired in terms of generalizing the results. Second,

Shimizu et al.

a-problem of assessment existed concerning diag-
nosis and treatment course. Although we made the
diagnoses and evaluation according to structured
diagnostic interview based on the DSM-IV criteria,
there exists difficulty in evaluating major depres-
sion in the terminally ill (Wilson et al., 2000; Pessin
et al., 2003). Third, some important information
that may be associated with depression, such as
physical distress, other treatment in parallel, past
history of psychiatric disorders, social support, and
coping style, was not included.

Although our study was not based on a rigorous
design, some highly suggestive results emerged as
a clue to the next step. Further research is needed
to elucidate proper treatment strategies for major
depression at the end of life according to the pa-
tient’s prognosis. Also, it is hard to prescribe TCAs
in conventional doses for end-of-life patients, and
alternative, nonoral formulations of antidepres-
sants are needed.
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Abstract

Background: Secondary depression is common in the clinical oncology setting after pancreatic cancer diagnosis, following which the
patients have to face the fact that they have a cancer with an extremely poor prognosis. However, the specific pathophysiology remains
unclear. The present study examined the regional cerebral glucose metabolism using F18-fluorodeoxyglucose (F18-FDG) positron
emission tomography (PET) in antidepressant-naive pancreatic cancer patients with a depressive episode after their cancer diagnosis and
before their cancer treatment.

Methods: Regional cerebral glucose metabolism in pancreatic cancer patients without any antidepressant medication after the cancer
diagnosis was measured with F18-FDG PET. A depressive episode after the cancer diagnosis was defined as including major and minor
depressive episodes, and was diagnosed using the Diagnostic and Statistical Manual, Fourth Edition (DSM-IV). The prefrontal and
limbic regions were the primary regions-of-interest, and an uncorrected value of p<0.005 was used as significant.

Results: Six of 21 pancreatic cancer patients were diagnosed as having a depressive episode. Significantly higher glucose
metabolism in depressed patients was found in the subgenual anterior cingulate cortex (sACC) (uncorrected p=0.002).
Limitations: There was a small number of subjects, and there were no healthy controls.

Conclusions: The higher metabolism in the sSACC may be associated with the pathophysiology of secondary depressive episodes in
patients following pancreatic cancer diagnosis.

" © 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Pancreatic cancer is a refractory malignant tumor, and
has a 5-year survival rate of only 4%. More than 30,000
patients died from pancreatic cancer in the year 2006 in

the USA. Psychiatric symptoms, especially depression -

and anxiety, in pancreatic cancer patients have been
focused on by clinicians, as several textbooks describe the
association of psychiatric symptoms with pancreatic
cancer. Previous studies reported 18—50% of pancreatic
cancer patients experienced depression (Bernhard and
Hurny, 1998; Green and Austin, 1993).

Although several serum substrates secreted by pan-
creatic cancer have been postulated to be involved in the
pathophysiology of depression (Bernhard and Hurny,
1998; Green and Austin, 1993), no clear associations have
so far been made in human. On the other hand, depressive
episodes in pancreatic cancer patients may reflect the
psychological response to the knowledge to having a
tumor whose extremely poor prognosis is well known.
However, brain neuron-circuitry related to depressive
episodes in patients after pancreatic cancer diagnosis has
been unclear.

Recent developments in neuroimaging techniques
have revealed the involvement of neural mechanisms in
a depressive episode. Previous studies have shown the
involvement of the prefrontal and limbic - regions
(Drevets, 2001) and corticolimbic dysregulation in
depression (Mayberg et al., 1999). Although findings
have been variable, decreased dorsolateral and sub-
genual prefrontal and increased amygdala cerebral
metabolic rates tend to be seen in patients with de-
pression. A previous review article showed that pre-
frontal hypometabolism may be a common pathway to
depressive symptoms in primary (psychiatric) and
secondary (to neurological disorders) depression (May-
berg, 1994). However, potential differences in the
depression subtype may cause different patterns of
neural activity. An involvement of the potential serum
substrates secreted by pancreatic cancer with depressive
episodes may suggest a different pathophysiology. In
addition, the depressive episodes in cancer patients have
generally been assumed to be reactive and of short
duration (Chochinov, 2001), suggesting that they have a
different pathophysiology. ’

Although serum substrates secreted by pancreatic
cancer and/or psychological stressor have been postulated
to be associated with the depressive episodes in pancreatic
cancer patients, details of the mechanisms have been
unclear. Investigation of the neural circuitry is one of the
useful strategies to reveal the possible mechanisms of
depressive episodes in pancreatic cancer patients. In the

present study, we performed a preliminary investigation
using positron emission tomography (PET) to examine the
regional cerebral metabolic rate of glucose (rCMRgluc) in
the prefrontal and limbic regions among pancreatic cancer
patients with a depressive episode after their cancer
diagnosis. '

2. Methods
2.1. Subjects

This study was approved by the Institutional Review
Board and the Ethics Committee of the National Cancer
Center, Japan, and was performed after obtaining written
informed consent from the patients. The inclusion
criterion of the subject sampling was clinically diagnosed
pancreatic cancer patients after disclosure of the diagnosis
before anticancer treatment who were going to undergo
positron emission tomography (PET) to evaluate the
clinical stage of the cancer as a clinical investigation.
Exclusion critetia were (1) <18 years old; (2) having
neurological and/or Axis I psychiatric disorders defined
by the Diagnostic and Statistical Manual, Fourth Edition
(DSM-1V) except for mood and anxiety disorders; (3)
having a mass legion in the brain; (4) having a blood sugar
level higher than 120 mg/dl; (5) receiving a hypoglycemic
agent; (6) having any physical function that interfered
with daily life, as assessed by performance status; and (9)
a cognitive impairment defined as a score of less than 24
on the Mini-Mental State Examination (Mori etal., 1985).

2.2. Procedure

Subject sampling was performed among inpatients who
were going to undergo PET for pancreatic cancer before
their treatment in the National Cancer Center Hospital
East. Diagnosis of pancreatic cancer was done as a clinical
diagnosis, but not as a pathological diagnosis. After their
attending physician had booked their PET examination for
clinical staging of their pancreatic cancer and at least
within 2 days before the PET examination, trained psy-
chiatrists (EY, MK) performed an interview including the
Structured Clinical Interview for DSM-IV-Axis I Disorder
to determine whether the subjects had a depressive
episode. We defined the depressive episode on the basis
of criteria of the major and/or minor depression of the
DSM-1V, because, not only major depression, but a minor
depressive episode can also have a negative impact in the
same manner as a major depressive episode (Evans et al.,
1999). In addition, a study into depressive symptomatol-
ogy has indicated continuity of minor depressive episodes
to major depressive episodes (Kendler and Gardner, 1998).
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