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Fig. 4 - Time course of mRNA levels of Homer 1a (A and B) and c-fos (C and D) in the striatum (STR, A and C) and nucleus
accumbens {NAc, B and D) following the dopamine agonist treatment is plotted, respectively. Rats were sacrificed 1 h or 2 h after
s.c. injection with SKF38393 (SKF; 20 mg/kg), quinpirole (Quin; 1 mg/kg), or combination of SKF38393 and quinpirole (SKF +Quin;
20 mg/kg and 1 mg/kg, respectively). The values are expressed as % of saline control (mean + SEM of 9-10 animals) because the
IEG mRNA levels relative to 8-actin mRNA levels of saline control rats differed between 1 h and 2 h after injection. Saline control
values of IEGs in each region 1 h and 2 h after injection are as follows: Homer 1a, 1.31x0.25 (STR/1 h}, 1.13+0.17 (STR/2 h),
1.77+0.16 (NAc/1 h), 1.10+0.20 (Nac/2 h); c-fos, 0.65+0.02 (STR/1 h), 0.42:0.06 (STR/2 h), 0.69£0.05 (NAc/1 h) and 1.11+0.06
(NAc/2 h), respectively. When compared with saline control at each time point, *P<0.05 and **P<0.01 were considered significant

in this study using ANOVA followed by the Fisher’s PLSD.

nucleus accumbens. While SKF38393 is a partial D, receptor
agonist in terms of in vitro adenylate cyclase stimulation and
is often used in dopamine-depleted animals in which D;
receptors are sensitized (Gerfen et al., 1995; Berke et al., 1998;
Pollack and Yates, 1999), the in vivo effect of SKF81297,a full D,
receptor agonist, on firing rates of the nucleus accumbens
neurons has been demonstrated nearly identical to that of
SKF38393 (Johansen et al.,, 1991). In this study, the effects of
SKF38393 and its combination with quinpirole on c-fos
expression, as discussed later, were consistent with the
results from the previous studies using 6-hydroxydopamine-
lesioned or normal (unlesioned) rats (Paul et al., 1992; LaHoste
et al., 1993; Gerfen et al, 1995; Keefe and Gerfen, 1995).
Moreover, Berke et al. (1998) reported SKF38393 to induce
Homer la expression to the maximum 2 h after injection, in
the striatum of 6-hydroxydopamine-lesioned rats. Taken
together, the present results suggest that D;-like receptor

stimulation by SKF38393 may induce gene expression of
Homer 1a in the basal ganglia. Consistently, methylphenidate
and methamphetamine are reported to increase Homer 1a
expression in the striatum and nucleus accumbens, and these
effects are attenuated by SCH23390, a D;-like receptor
antagonist (Hashimoto et al., 2004; Yano et al., 2006).

Further studies employing Western blots would confirm
the present finding. In this regard, another experiment in our
laboratory demonstrated that methamphetamine enhanced
Western blots of Homer la protein expression in rat striatum
and nucleus accumbens, and this effect correlated to the
methamphetamine-induced increase in PCR products of
Homer 1a mRNA (unpublished data). This study chose only a
single dose of each dopamine receptor agonist on the basis of
the previous studies showing it to enhance Fos-like immunor-
eactivity in rat striatum (LaHoste et al,, 1993; Pollack and
Yates, 1999). When administered alone, SKF38393 at the dose
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of not 10 mgkg but 20 mg/kg demonstrated a significant
increase in Fos-like immunoreactivity in the unlesioned
striatum (LaHoste et al.,, 1993; Pollack and Yates, 1999).
Therefore, the dose (20 mg/kg) used in this study is required
for SKF38393 to induce gene expression of c-fos as well as
Homer 1a in normal rats. A larger dose (more than 1 mg/kg) of
quinpirole might produce a considerable increase in Homer 1a
mRNAs. However, it is unlikely because D, receptor antagon-
ism by haloperidol is reported to induce Homer 1a expression
in the striatum and nucleus accumbens (de Bartolomeis et al,,
2002; Polese et al., 2002).

It has been proposed that Homer 1a modulates neuronal
mechanism involving activation of group I mGluRs since it
competes with the binding of Homer 1b and 1c to group I
mGluRs and uncouples mGluRs from IP; receptors for calcium
signaling (Brakeman et al., 1997; Kato et al., 1997). Moreover,
Homer 1a expression induces constitutive activity in mGluR,,
and mGluRs by direct binding to carboxy-terminal intracel-
lular domains of these receptors (Ango et al., 2001). Homer 1a
may therefore play a critical role in synaptic plasticity and
other neuronal responses induced by glutamate receptor
activation (Kato et al.,, 1998; Morioka et al., 2001; Bottai et al,,
2002; Nielsen et al., 2002). In the striatum, group I mGluRs are
primarily expressed postsynaptically in striatal projection and
subpopulations of interneurons but also mediate inputs from
corticostriatal glutamatergic afferents and nigrostriatal dopa-
minergic afferents (Testa et al,, 1994). Medium spiny neurons
in the striosome (patch), projecting directly to dopamine
neurons of the substantia nigra pars compacta, contain Dy
receptors that are colocalized with muscarinic M, and
adenosine A; receptors (Silkis, 2001). Taken together, the
present results imply regulation of basal ganglia function by
Homer la expression via D, receptor-mediated mechanism.
Interestingly, Tappe and Kuner (2006) recently demonstrated
that striosomal Homer la-expressing mice displayed deficits
in motor performance and enhanced behavioral response to
amphetamine, which effects might be attributed to alteration
of dopaminergic activities.

At present, details of the underlying mechanism for D;-like
receptor-mediated induction of Homer 1a expression are not
fully understood. It is most likely that activation of NMDA
receptor by D; receptor stimulation contributes to Homer 1a
expression because of a functional interaction between D;
receptors and NMDA receptors for calcium signaling in the
basal ganglia (for a review, see Cepeda and Levine, 1998). In
line with this assumption, SKF38393 potentiated NMDA-
induced currents in medium-sized neostriatal neurons possi-
bly though activation of D; receptors (Cepeda and Levine,
1998). Furthermore, Ca** influx induced by stimulation of
NMDA receptors led to an increase in Homer 1a mRNA levels
(Sato et al., 2001). On the other hand, most of the G-protein
coupled receptors including dopamine receptors and mGluRs
may share direct or indirect bindings with each other (Agnati
et al., 2003). D; receptors and mGluRs are demonstrated to
form heteromeric receptor complex with adenosine A; and A,
receptors, respectively, via intramembrane protein-protein
binding sites (Gines et al., 2000; Ferré et al., 2002). Such a
molecular interaction between Dy receptors and mGluRs may
also enhance Homer 1la induction to disrupt multimeric
Homer 1b and 1c protein complexes with mGluRs.

Co-administration of SKF38393 and quinpirole increased
Homer 1a expression in the striatum and nucleus accumbens,
while this effect was not significantly greater than that of
SKF38393 alone. In contrast, the same treatment enhanced c-
fos expression to a greater extent than SKF38393 did alone in
these regions. In line with the present results, a number of
studies using unilaterally 6-hydroxydopamine-lesioned or
reserpine-induced dopamine depleted animals have demon-
strated a synergic interaction between D, and D, receptors on
expression of the 1IEGs including c-fos (Keefe and Gerfen, 1995;
LaHoste et al., 1993; Paul et al., 1992; Robertson et al., 1992).
Gerfen et al. (1995) propose that, in addition to stimulation of
D;-containing neurons, D, receptor-mediated inhibition of Dy-
containing neurons may contribute to potentiation of D;
receptor-induced neural response, resulting in the synergic
effect on gene expression in the striatum. It is not true of
Homer 1a expression in the striatum and nucleus accumbens,
as demonstrated by this study. Alternatively, D; and D,
receptors may exert an opposite effect on Homer 1a expres-
sion because not only D;-like receptor stimulation (Berke et al.,
1998; Yano et al., 2006) but also D,-like receptor blockade (de
Bartolomeis et al, 2002; Polese et al.,, 2002) is reported to
increase Homer 1a mRNA levels. However, the possibility that
SKF38393 and quinpirole at the doses used in this study might

- be insufficient for synergism of D,-like and D,-like receptors is

not fully excluded. A role of D, receptors in mechanism for
action of Homer 1a has yet to be known. Recently, Olson et al.
(2005) have demonstrated that the Shank scaffold protein
interacting with Homers (1b-d and 2) via the CC-domain is key
to modulation of striatal L-type Ca®* channels by D, receptors.
It is likely that signal transduction cascade of D, receptors as
well as D, receptors can affect the Shank-Homer-IP; receptor
complex linked with ion channel receptors. Further investiga-
tion still remains to elucidate a possible role of D, receptors
and also its interaction with D, receptors for Homer-mediated
neuronal response in the striatum.

It should also be noted that, despite a lack of a significant
effect of single treatment with either dopamine agonist,
combination of SKF38393 and quinpircle significantly
increased Homer 1la mRNA levels in the hippocampus. This
finding implies a synergic action of simultaneous stimulation
of both D; and D, receptors on Homer la expression in this
region. Both dopamine receptors and Group I mGluRs have
been reported to play an important role in hippocampal
synaptic plasticity (Huang and Kandel, 1995; Otmakhova and
Lisman, 1996; Camodeca et al, 1999; Fitzjohn et al.,, 1999).
Homer la is reported to potentiate synaptic AMPA receptor
function in CA1 pyramidal cells, suggesting an involvement of
Homer 1a in hippocampal synaptic plasticity (Hennou et al,,
2003). It is therefore possible that Homer 1la expression
modulates dopamine-glutamate interactions to regulate the
hippocampal function such as memory cognition. Clearly,
further studies employing immunohistochemical quantifica-
tion need to elucidate Homer la expression within the
hippocampus following dopamine agonist treatment because,
in this study, the effect of co-treatment with SKF38393 and
quinpirole on Homer 1a mRNA levels was modest (only +24%
of saline control).

Dopamine agonist treatment in this study had no
significant effect on Homer 1a mRNA levels in the medial
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prefrontal cortex or substantia nigra. This is consistent with
our previous study that dopaminergic activation by metham-
phetamine did not affect Homer 1a expression in either region
(Hashimoto et al., 2004). In the prefrontal cortex, stimulation
of serotonin receptor subtypes rather than dopamine receptor
subtypes may induce Homer la expression because lysergic
acid diethylamide (LSD), a hallucinogen displaying potent
agonistic activity at serotonin-5-HT,a and/or 5-HT,c recep-
tors, is reported to increase mRNAs of the IEG Ania3, a splicing
isoform of Homer 1a (Nichols and Sanders-Bush, 2002). The
lack of the ability of dopamine agonists to induce Homer la
expression in the substantia nigra was strikingly contrast to
enhanced gene expression of c-fos following the dopamine
agonist treatment (Figs. 2E and 3E). It is likely that Homer 1a
expression following D -like receptor activation occurs region-
specifically in the striatum and nucleus accumbens that
receive the dopaminergic projection from the substantia
nigra pars compacta and ventral tegmental area, respectively,
suggesting an implication for dendrite spine morphogenesis
(Brakeman et al., 1997; Kato et al., 1997).

In conclusion, this study demonstrates that the dopamine
D,-like agonist SKF38393, but not the D,-like agonist quinpir-
ole, increased Homer 1la mRNA levels in the striatum and
nucleus accumbens. Stimulation of D;-like receptors, but not
D,-like receptors, may thus induce gene expression of Homer
la in the basal ganglia. However, unlike c-fos expression,
simultaneous stimulation of both D;-like and D,-like receptors
may not exert a synergic action on Homer la expression in
these regions. The present results provide further evidence for
an important role of Homer 1a in the molecular mechanism of
dopamine~-glutamate interactions in regard to regulation of
the basal ganglia function.

4, Experimental procedures
4.1. Animals

Male Wistar rats (Kyudo Animal Laboratory, Kumamoto,
Japan) weighing 220-240 g were housed four per cage,
maintained on a 12 h light/12 h dark cycle and given access
to food and water ad libitum. All procedures were done in
accordance with Principles of Laboratory Animal Care (NIH
publication no. 86-23, revised 1985).

4.2. Drugs

The D;-like receptor agonist SKF38393 (SIGMA, St. Louis, MO,
USA) and the D,-like receptor agonist quinpirole (SIGMA) were
dissolved in a physiological saline immediately before
treatment.

4.3. Drug treatment

Rats were divided into four groups (n=10 per group) and
injected subcutaneously (s.c.) with saline (2 ml/kg), SKF38393
(20 mg/kg), quinpirole (1 mg/kg) or combination of SKF38393
and quinpirole, respectively. The doses of SKF38393 and
quinpirole were chosen on the basis of previous studies
showing them to produce a significant increase in Fos-like

immunoreactivity in rat striatum, as discussed earlier
(LaHoste et al., 1993; Pollack and Yates, 1999).

4.4. Tissue preparation

All rats were decapitated 1 h or 2 h after drug injection
according to the previous study showing that methampheta-
mine-induced Homer la expression reached the maximal
level 2 h after injection (Hashimoto et al,, 2004). The brain was
quickly removed and stored at —80 °C. Serial slices of 300 um
were made from the removed brain in a cryostatat -12 °C, and
five brain regions were dissected freehand with a microknife,
as described previously (Nakahara et al,, 1990). Total RNA was
prepared from the brain tissue by the method of Chomczynski
and Sacchi (1987).

4.5. Reverse transcription-polymerase chain reaction
(RT-PCR)

The levels of mRNAs in the discrete brain regions were
quantified by reverse transcription-polymerase chain reaction
(RT-PCR) with an endogenous internal standard, {:-actin, as
previously described (Nakahara et al., 1999). RT was performed
on 1 ug RNA for 90 min at 42 °C in a 5 pl reaction mixture
containing 25 mM Tris-HCl (pH 8.3}, 50 mM KCl, 5 mM MgCl,,
2 mM dithiothreitol, 1 mM each deoxynucleotide, 10 U AMV
reverse transcriptase (Roche Molecular Biochemicals, Man-
nheim, Germany), 10 U ribonuclease inhibitor (Roche Molecu-
lar Biochemicals) and 0.8 pg oligo {(dT) 15 primer (Roche
Molecular Biochemicals). The RT was terminated by heating
the sample at 95 °C for 2 min. The multiplexed PCR was carried
out in a 20 pl reaction mixture containing 10 mM Tris-HC] (pH
8.3), 50 mM KCl, 1.5 mM MgCl,, 2% dimethyl sulfoxide, 0.2 mM
each deoxynucleotide, 0.1 uM each of 5’ and 3’ pp-actin-specific
primers, 1 pM each of 5’ and 3’ specific primers, 30 ng of
reverse-transcribed total RNA and 0.5 U Taq DNA polymerase
(Roche Molecular Biochemicals). The PCR primers used for
amplification of p-actin and Homer mRNAs were as follows
(GenBank accession number): j3-actin (V01217), 5'-TCATGC-
CATCCTGCGTCTGGACCT-3/(forward); 5/-CCGGACTCATCG-
TACTCCTGCTTG-3'(reverse); target sequence=>582 bp; Homer
la (AJ276327), 5-TGGACTGGGATTCTCCTCTG-3 (forward);
5'-CCATCTCATTTAATCATGATTGC-3' (reverse); target
sequence=309 bp; Homer 1b (AF093267), 5'-CCAGTACCCCTT-
CACAGGAA-3’ (forward); 5'-TGCTTCACGTTGGCAGTG-3’
(reverse); target sequence=259 bp; Homer 1c (AF093268), 5'-
CCAGTACCCCTTCACAGGAA-3' (forward); S'-TGCTTCAC-
GTTGGCAGTG-3' (reverse); target sequence=295 bp; c-fos
(X06769), 5'-AGTGGTGAAGACCATGTCAGG-3' (forward); 5'-
CATTGGGGATCTTGCAGG-3’ (reverse); target sequence=
296 bp. The PCR amplification was performed for 28 (c-fos) or
32 (Homer 1a) cycles, consisting of denaturation (95 °C, 45 s),
annealing (60 °C, 45 s) and extension (72 °C, 75 s). After 6 (c-fos)
or 10 (Homer 1a) cycles, 0.1 uM each of p-actin primer pair was
added to the reaction mixture and PCR cycles were further
continued.

The PCR products were analyzed on a 10% polyacrylamide
gel electrophoresis. Gels were stained with ethidium bromide,
visualized with UV trans-illumination, photographed and
submitted to image analysis. Quantitative image analysis of
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the PCR fragments was performed using the NIH image
program. The levels of mRNAs were calculated as the ratios
of optical density of each PCR product to that of the j3-actin
PCR product.

4.6.  Statistical analysis

All data were statistically evaluated with StatView Ver. 4.50
(Abacus Concepts Inc., Berkeley, CA). The mRNA levelsrelative
to p-actin mRNA levels in the various treatment groups were
subjects to one-way analyses of variance (ANOVA) followed by
post hoc analysis using Fisher PLSD. A probability (P) of less
than 0.05 was considered significant in this study.
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Table 1 Clinical characteristics of Group S and Group L

Group S Group L
Number (sex ratio: m/f) 17 (5:12) 15 (7:8)
Age (years) 30.6 = 9.7 361 t£62%*
Education years 145 + 2.0 14.4 £ 1.6
Onset age (years old) 25.5 = 10.2 15.8 &£ 7.1 #%#
Duration of illness (years) 55+ 3.1 20.3 =+ 6.1 ek
Duration of treatment (months) 6.3 8.8 34.9 + 46.6 **
Number of patients who experienced depressive episodes @ 7 4
Y-BOCS symptom list
Obsessions;  Aggression # 7 9
Contamination @ 12 12
Need for correction # 6 0 **
Others @ 5 3
Compulsions; Checking ® 10 8
Washing @ 11 11
Repetitive rituals @ 5 4
Others @ 2
Number of patients who have more than two OC symptoms ® 12 8
Y-BOCS severity 28.7 = 3.8 30.1 £ 3.7
Anxiety with compulsions (subscale no.8) 2.94 + 0.83 3.53 £ 0.64 **
MOCI 17.8 £ 6.2 17.6 = 3.0
HDRS 9.6 £ 4.9 79 £ 53
STAT trait 572 £ 9.9 54.8 1= 12.3
state 46.5 = 8.7 47.7 = 11.7
GAF 453 = 4.1 453 + 4.4

* p<0.1 #* p<0.05 **p<0.01

There was no significant group difference in the age, sex ratio or number of years of education. The
mean age of onset of Group L was significant younger than that of Group S. Group S has signifi-
cantly more obsession of need for correction. Group L has significant higher anxiety with compul-

sion.
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Table 2 Comparison of neuropsychological pefformance between two groups

Group S Group L
WAIS-R estimated 1Q 96.3 = 11.2 104.7 & 8.6 **
Stroop test: reaction time (sec) 57996 64.7 = 12.1 %
WCST number of category 3.2+ 23 3.9+22
WMS-R scores
Logical memory 81.6 == 12.6 84.6 - 13.7
Visual memory 64.5 = 4.7 634 £ 25
Total memory 146.1 = 16.2 148.0 + 14.8
Mental control 82.5 = 8.9 74.7 £ 10.7 **
Digit span 18.7 = 2.9 15.2 £ 4.0 %*
Delayed recall 926 £ 7.7 87.8 £ 12.2
Visual reproduction 37.56 = 4.2 336 £ 6.1*%
ROCFT scores
Immediate reproduction 27.9 =64 245 + 5.8
Delayed reproduction (40 minutes) 26.8 £ 7.3 23.0 = 6.7

* p<0.1 #* p<0.05

While Group L had higher IQ than Group S, they showed significant attention
deficit as revealed by the Stroop test and the subscale of mental control of
WMS-R compared with Group S. Group L also showed lower scores in delayed
recall score of WMS-R than Group S.

p<0.05, corrected

Group S Group L

Fig.1 Comparison of 3-D rendering images between Group S versus Group L
The two groups showed similar activation pattern in the ACC, left dorsolateral prefrontal cortex
(DLPFC) and bilateral cerebellum.

IZE» o7, BHRHMELEOSIEREICEL - 292V ABLUMOCI DRSS, STFHIZK
72, ROIDOBEODBEEN» 2 BEFKT, 2 BHETEH W, EFEMICE T 2EEE, 7 ofiomiBeT
BER L7, BREKICEL T, Y-BOCS & BEBETHIEDONE -7, MEEOBEERD
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p<0.01, uncorrected

Fig.2 Brain regions showing stronger activation in Group L than Group S
Group L showed significant stronger activation in the ACC, the right thalamus, the middle temporal

gyrus and the cerebellum.

Table 3 Brain regions showing stronger activation in Group L than Group S

Region No of voxels BA X y z
R temporal 285 21 56 8 -20
L cerebellum 182 -42 -62 -38
L anterior cingulate cortex 164 24 -6 0 40
R cerebellum 138 30 -34 -34
R thalamus 133 20 -26 -2
R parietal cortex 89 40 54 -44 42
R frontal cortex 64 6 2 -4 54
R frontal cortex 33 4 16 -32 60
L frontal cortex 31 45 -30 36 38
R parietal cortex 20 7 2 -44 66
L caudate nucleus 18 ' -22 0 14

Random-effects model, P<0.01, uncorrected

Between-group analysis revealed that Group L had significant higher activation voxels
than Group S in the intensified areas such as the anterior cingulate cortex (ACC), the
right thalamus, the middle temporal gyrus and the cerebellum.

ABIZKELBROIE AL -7, Y-BOCS Ik 58&E
EELEEEZZ L 720, BETEITES K
RIILEOHFIE» o7z, HWI5D, REDIERE,
SEBEOREICERZER A 57z,
HROEZENREDORERE % Table 2 2R 7.
WAIS-RIZLBIQIZLEOAIPEEIIEH -
7z. —7, Stroop test DRIGEREIZ L B0 F
MEETAEAEIZD >72. 72, WMS-R DEEE
HRERE, RIBOBRB/AICELT, LEES# LY

BEIEVWEEAR L. WMS-R OERHEE
BEOHEAL LEBEOFHMEVVERIZS O, L E#IZ
BRI 74— LDEEDENET 7

fMRI AT, mEIZRTHIRRE, EsMAlT5E
B, Mg It THUORMEELTL
(Fig. 1) . UL2L—FATL#E, simiREes
K, FRIEER, MaElcbnwT, SELD,
K DBOEVENE U Tz (Fig. 2, Table 3).
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Table 4 Comparison of treatment response between Group S and Group L

Group S

Group L

Y-BOCS reduction (%)

Number of responder

44.9 &+ 25.8 (n=15)

28.9 £ 269 (n=13) *

FLV ] ' 3 / 3 ! _Q / 3 ] Sesfeck
o /0 40
Control L1 e
* p<01 :k:i::x:p<0.01 v

2 Fisher exact test. Underline showed significant differences.

Yresponders / non-responders

In regard to treatment response, Group L showed little improvement by pharma-
cotherapy. Behavior therapy brought significant improvement to all patients of both

two groups.
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ABSTRACT

A functional neuroimaging study on response to medication treatment of obsessive-compul-
sive disorder in comparison to that to behavior therapy
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Toshihide Kuroki*, Shigenobu Kanba *

* Department of Neuropsychiatry, Graduate School of Medical Sciences, Kyushu University; 3-1-1
Maidashi, Higashi-ku, Fukuoka 812-8582, Japan. ** Department of Psychiatry, Kawasaki Medical
School; 577 Matsushima, Kurashiki, Okayama 701-0192, Japan. *** Department of Clinical Radiology,
Graduate School of Medical Sciences, Kyushu University; 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-
8582, Japan.

In regard to the inconsistency among previous reports on cognitive function of OCD, we should consider
the heterogeneity of OCD. In the present study, we examined the effect of duration of the iliness on cog-
nitive function and treatment response of OCD patients. Thirty-two OCD patients diagnosed by SCID-
III-R were enrolled in the study. They received a series of neuropsychological test batteries including
WAIS-R, Stroop test, WCST, WMS-R and R-OCFT and fMRI examination during the Stroop task that
is closely related to attention. Then the randomized clinical trial with either behavior therapy, medica-
tion with fluvoxamine, or controlled treatment was administered to the patients. For statistical analy-
sis, all patients were divided into two groups according to the period of duration of illness; short-dura-
tion group (Group S, n=17, 5.5 & 3.1 years) and long-duration group (Group L, n=15, 20.3 & 6.1 years).
Neuropsychological examination revealed that Group L had significant deficits in attention and delayed
recall memory, compared with Group S. The fMRI study indicated that Group L showed a stronger acti-
vation than Group S in the anterior cingulated cortex, the right thalamus and dorsolateral cortex. As
the results of the RCT for twelve weeks, Group L poorly responded to pharmacotherapy by fluvoxam-
ine. Taken together with the previous reports, these results suggest that the long-term persistence of
OCD symptoms may be associated by the dysfunction of the specific neural circuitry including the ante-
rior cingulate cortex, which may lead to the disability of attention and memory functions.
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