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critically involved in food motivation, and
that CB; receptors are found in moderate-
to-high concentrations in this region, rais-
ing the possibility that ECBs increase food
motivation via the limbic forebrain.” Plas-
ma AEA and OEA levels did not change
during treatment, a result that may be ex-
plained by the lack of affinity of olanzapine
for CB; receptors'! (note: its affinity for
PPAR-a is unknown). Previously, De Marchi
et al® observed a decrease in blood AEA
levels during olanzapine treatment in schizo-
phrenia. However, patients in that study were
in an acute phase at baseline, whereas our
patients were clinically stable. Our results
suggest that AEA may be a peripheral
biomarker of the sensitized amygdala re-
sponses to food cues induced by olanzapine
in schizophrenia. Such results echo the as-
sociation that has been reported between
the CNR1 gene and antipsychotic-related
weight gain in schizophrenia.'? As for the
lack of relationship between plasma OEA
levels and brain activations, it may be due
to the fact that OEA influences food intake
mainly via peripheral mechanisms.?

Because our results are based on re-
gression analyses, no causal relationship
can be inferred from them. Also, the
finding of a relationship between periph-
eral AEA levels and amygdala hyper-
activations does not imply that AEA
directly recruited the amygdala. However,
the relationship between AEA and hyper-
activity in response to appetizing stim-
uli after treatment was found only in the
amygdala, despite the fact that similar
patterns of changes in BOLD signal were
observed in other regions. Moreover, the
AEA-amygdala relationship remained signi-
ficant even when considering the influence
of metabolic markers. Finally, the study
lacked a control group, so we cannot de-
termine if the AEA-amygdala associa-
tion reported here is schizophrenia-specific
or not.

To our knowledge, this is the first
fMRI study to show a relationship between
plasma AEA levels and the impaired limbic
processing of food cues resulting from
olanzapine treatment in schizophrenia. Our
exploratory results will need to be replicated
in larger samples, as they may have implica-
tions for the understanding of antipsychotic-
related weight gain in schizophrenia and for
its treatment.
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The Effects of Sodium
Nitroprusside Treatment on
Cognitive Deficits in
Schizophrenia
A Pilot Study

To the Editors:

y modulating the “glutamate-NO (nitric

oxide)-cGMP” pathway,” a new paradigm
for the treatment of schizophrenia seems to
arise. Indeed, our group has recently pub-
lished a double-blind placebo (PLB) con-
trolled trial showing that an infusion of
sodium nitroprusside (SNP), a nitric oxide
donor, improved positive, negative, anxiety,
and depressive symptoms of schizophrenic
patients in a matter of hours." During this
study, it seemed of interest to test the idea
that SNP might also be effective in treating
cognitive symptoms found in schizophre-
nia. For this purpose, it was performed, in
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the same subjects just mentioned, a pilot
study where the patients were evaluated by
a battery of cognitive tests on 2 occasions:
1 hour before the start of SNP or PLB in-
fusion and at 8 hours after the end of SNP
or PLB infusion.

Twenty-four patients agreed to par-
ticipate and were assessed for eligibility; 4
subjects subsequently refused to partici-
pate, and 20 individuals were randomized
to receive either SNP or placebo. Two
subjects from the SNP group refused to
participate in the second cognitive evalu-
ation (cognitive evaluation at 8 hours after
the end of the SNP infusion). The other 18
participants who were randomized com-
pleted all the study procedures.

The SNP was administered as an
endovenous infusion of 0.5 pg/kg per
minute for 4 hours. The placebo was a 5%
glucose solution that was endovenous in-
fused over the same length of time.

The following cognitive tests were
conducted: (a) Stroop Color Word Test
(SCWT) is a test to assess selective at-
tention. Two cards instead of the 3 cards
originally proposed by Stroop were used,
following the procedure used by Liddle
and Morris.? On the first card 100 words
designating 5 colors, printed in black,
were used; and on the second card, 100
words for the same colors, printed in
colors incongruent with the designation
were used. The task was to read card 1
and designate the colors of card 2. Time
spent on the task was measured in seconds
and number of errors committed, according
to the method proposed by Seabra (1987).
(b) N-Back is a test to assess working
memory. It lasts about 6 minutes and con-
sists of examining a series of numbers
where it is required, at varying intervals, to
report the number seen “n” positions back
in the sequence. A printed version of the
test on laminated cards was used in this
study, with 2 distinct blocks presented in-
terchangeably. The first and the third
blocks contain 5 questions each about the
last number seen (“0-Back,” task control),
and the second and fourth blocks contain 5
questions each about which number was
submitted before the last 2 cards (“2-
Back”). The number of errors made during
the task was computed. (c) FAS (the Verbal
Fluency Test) is a test widely used in the
literature to measure verbal fluency, which
is known to be impaired in schizophrenic
patients. The task consists of a period of 3
minutes (1 minute for each letter—F, A,
and S) where the volunteer must produce
the largest number of words beginning with
those letters. Brand names, proper names,
or variations from the same root (eg, words
like fall and fallen) are not allowed.
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Data were analyzed using the Statis-
tical Package for the Social Sciences
(SPSS 17-0). For the SCWT, N-Back, and
the FAS scores, separate analyses of vari-
ance (ANOVAs) for repeated measures were
carried out, with treatment (SNP/PLB) and
time (every point of evaluation) as factors.
If the ANOVAs were significant, a paired
2-tailed ¢ test was performed, considering
the groups independently.

The following results were found: (a)
SCWT—the ANOVA for repeated measures
concerning card 1 reading time showed an
effect of the time factor (F'=6.98, df=1-15,
P=0.02), but not drug (F'= 1.46, df=1-15,
P = 0.24) and no interaction between time
and drug (F = 0.03, df = 1-15, P = 0.85).
The analysis of the number of errors on card
1 showed no effect of time (F = 2.4, df =
1-15, P=0.14), drug (F = 0.18, df = 1-15,
P = 0.68), or interaction between time and
drug (F = 0.03, df = 1-15, P = 0.86). An
interaction between time and drug was
found for the number of errors on naming
incongruent colors on card 2 (F' = 5.54, df =
1-15, P = 0.03), but no effect of time (F =
0.57, df = 1-15, P = 0.46) or of drug alone
(F=0.03, df = 1-15, P = 0.85). Regarding
the time for naming incongruent colors, the
ANOVA for repeated measures showed no
effect of time (F = 0.02, df = 1-15, P =
0.89), drug (F=0.71, df = 1-15, P = 0.42),
or interaction between them (F = 2.32, df =
1-15, P = 0.15). In situations where the
ANOVA for repeated measures identified
some interaction, the paired 7 test was
performed, considering the groups indepen-
dently. The paired ¢ test for the 2 groups in-
dividually (SNP and PLB) showed that those

patients who received SNP made fewer er-
rors in the second evaluation of naming in-
congruent colors, but those who received
PLB did not. (b) FAS—the ANOVA for re-
peated measures showed an effect of time
(F=9.37,df=1-16, P = 0.01), but not of
drug (F=0.08, df=1-16, P = 0.78) and no
interaction between time and drug (¥ =0.03,
df = 1-16, P = 0.85). (c) N-Back—the
ANOVA for repeated measures identified an
effect of time (F = 7.63, df = 1-14, P =
0-01), drug (F =17.76, df = 1-14, P=0.01),
and also an interaction between these 2 (F =
15.24, df=1-14, P<0.01). Thus, the paired
t test was conducted for the SNP and PLB
groups alone, which showed that those who
received the SNP infusion presented signif-
icant improvement in congnitive perfor-
mance, whereas those who received the PLB
infusion did not (Table 1).

To our knowledge, this is the first time
that improvements on executive functions
that are frequently impaired in patients with
schizophrenia were shown after SNP ad-
ministration. The improvement in SCWT
and N-back performance that was observed
in the SNP group, but not in the PLB
group, suggests that treatment with SNP
had an impact on patients cognitive func-
tioning by improving selective attention’
and working memory* deficits.

These beneficial effects could be
explained through SNP capacity, as a NO
donor, to act by increasing the concen-
trations of the second messenger cGMP
and mediating the neuronal communica-
tion in the CNS (central nervous sys-
tem).>S In this way, NO has been shown
to influence learning and memory.” NO

TABLE 1. Cognitive Test Results

Groups

Nitroprusside (n = 8)

Placebo (n = 10)

Mean SEM ¢ df P Mean SEM ¢ df P
SCWT
Card 1: basal time 90.29 7.87 112.6 14.39
Card 1: postdrug time ~ 80.14 8.74 100.9 13.65
Card 1: basal errors 2.57 0.92 3.5 242
Card 1: postdrugerrors ~ 0.43  0.53 0.8 0.41
Card 2: basal time 1.59 15.71 200.8 17.22
Card 2: postdrug time 174.29 28.38 183 164
Card 2: basal errors 12.57 335 25 7 0.05% 105 39 1.12 9 0.29
Card 2: postdrugerrors ~ 8.29 0.43 12.7 0.51
FAS
Basal 14.62  4.59 18.4 3.55
Postdrug 20.62 3.55 20 2.73
N-Back (N errors)
Basal 833 0.76 2.84 7 0.04* 89 0.67 1.62 9 0.14
Postdrug 4.83 1.08 9.5 0.56
*P <0.05.

df indicates degree of freedom; N, absolute number; ¢, paired  test; SEM, standard error of the mean.
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donors such as SNP have been found to
stimulate neuronal growth in vitro® and
have been proposed as potential new
drugs to treat patients with age-related
neurodegenerative disease such as Alz-
heimer disease.”!° On the other hand, too
much NO could produce neurotoxicity due
to accumulation of its toxic metabolite,
peroxynitrite.'!

The small amount of patients studied
is the limitation of this work. Future studies
with a larger number of patients are needed.
The usual NPS safe dose rate used to treat
hypertension is 0.5 to 10 pg/kg per min-
ute. Therefore, we decide to work with its
lowest dose to minimize cardiovascular ef-
fects. Indeed, no clear effect of NPS on the
vascular system was observed (these results
have been discussed elsewhere).! Further
works should investigate the effects of
multiple and different doses of SNP and
other relevant issues like how frequently do
we have to administer SNP to sustain its
effect in long-term. To minimize possible
learning effects, cognitive tests were per-
formed only on 2 occasions. To avoid
confounding factors from demographic and
clinical variables, the selection and pair-
ing of subjects were performed carefully
and showed no differences between the
2 groups in any of the parameters evalu-
ated (these results have been discussed
elsewhere).!

Despite the cognitive deficits being
considered as the strongest predictors of
long-term functional recovery in patients
with schizophrenia, they have been among
the symptoms most refractory to the treat-
ment by both second- and first-generation
antipsychotics.'>!® Perhaps, the develop-
ment of drugs that enhance NO levels, such
as SNP, could be a productive target to
pursue in the development of the next gen-
eration of antipsychotic drugs. However,
the findings here reported are modest and
need to be confirmed for future studies.
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Genetic Overlap
Between Antipsychotic
Response and Susceptibility
to Schizophrenia

To the Editors:

xisting pharmacogenetic/genomic (PGt/

PGx) studies suggest that genetic vari-
ants associated with adverse effects or treat-
ment response may display larger effect
sizes than variants associated with complex
disease phenotypes.! This is demonstrated
by the fact that reproducible findings have
emerged from PGt studies with relatively
small sample sizes, for example, research
indicating that warfarin sensitivity can be
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