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that circulating levels of BDNF are negligible. In addition, Karege
et al. [26] also reported that an alteration of serurn or plasma
BDNF is not due to the change in blood BDNF but rather is prob-
ably related to the mechanisms of BDNF release, and that depres-
sion results from lowered platelet BDNF release. Moreover, Lom-
matzsch et al. [30] demonstrated that age, weight, gender, and
the menstrual cycle have a specific impact on platelet and plas-
ma BDNF levels in healthy adults. In the present study, however,
no association was found between age, weight, and the gender
and plasma BDNF levels in depressed patients. In addition, we
have demonstrated that no significant correlation was observed
between serum levels of BDNF and age, weight, and the gender in
103 healthy volunteer (manuscript in preparation). Taking these
findings together, although It still remains controversial whether

the plasma levels of MHPG and BDNF reflect those of the R-ain, .

we speculate that r'TMS influences noradrenergic neurons and
BDNF, which might be related to the improvement of depressive
symptoms, especially agitation/anxiety. Actually, several reports
have demonstrated that exposure to stress induced an increase
in the MHPG levels, suggesting hyperactivity of noradrenergic
systems [43,47,49] and decreased BDNF mRNA levels [45]. The
results in the present study are in accordance with these find-
ings.

We are aware of the limitations of the present study; i.e., our
sample size was very small and heterogeneous, and the duration
of treatment was not adequate. The most serious problem in the
present study is that there was no control group without rTMS
(the sham-controlled group), which makes it difficult to attri-
bute the improvements of Ham-D to rTMS rather to a placebo re-
sponse. In addition, the patients were taking antidepressants.
Moreover, neurochemical changes are also not incompatible
with a placebo effect, as imaging findings in depressed patients
showed that the clinical improvement following placebo treat-
ment was substantiated by regional metabolic changes in the
cortical and subcortical regions [33]. Thus, definitively attribut-
ing the behavioral or neurochemical changes to rTMS is not pos-
sible until these results are replicated in a controlled fashion. In
addition, we used antidepressant drugs combined with riMS
treatment, which could not rule out the effects of ongoing drugs
on plasma levels of catecholamine metabolites and BDNF. There-
fore, further study will be needed to confirm these preliminary
findings.

In conclusion, we have found that rTMS results in some improve-
ment and is well tolerated for treatment-refractory depression,
especially in those for whom the symptom of agitation is domi-
nant. In addition, the efficacy of rTMS for treatment-refractory
depression might be related to its effect on noradrenergic neu-
rons and BDNF.
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Two Cases of Bipolar Disorder
Successfully Stabilized for Five Years
with a Low Dose of Risperidone and
Lithium

R. Yoshimura, N. Ueda, K. Shinkai, ). Nakamura

Two patients with bipolar I disorder were successfully treated
with a combination of risperidone and lithium in their acute
manic states and maintenance periods. Although lithium mono-
therapy alone could not prevent relapse in these patients, the
addition of a low dose of risperidone was well tolerated and
effective for preventing recurrence over the long term. Plasma
levels of HVA and MHPG were found to be elevated during the
manic episodes and gradually decreased after the risperidone
treatment. These results indicate that a low dose of risperidone
to the lithium regimen was an effective and well tolerated means
for treatment in the acute manic state and the later maintenance
period in parallel with decreasing plasma levels of HVA and
MHPG.

Introduction

Lithium and valproic acid are the recommended first-line treat-
ments for bipolar disorder [1,3], but may take up to 2 weeks to
take effect. In clinical practice, therefore, a combination treat-
ment with a mood stabilizer and an antipsychotic drug is often
used with as many as 90 % of subjects with acute mania receiving
mood stabilizer and antipsychotic combinations [5]. Recently,
augmentation therapy with atypical antipsychotics has been
investigated in both acute and long-term treatment of bipolar
disorder with or without psychosis [2,6,7]. However, observa-
tion periods are relatively short in most studies with atypical
antipsychotics.

In the present study, we report the cases of two patients with
bipolar disorder whose acute manic episodes were successfully
treated with a combination of lithium and risperidone. Since we
hypothesized that plasma levels of catecholamine metabolites
might change during risperidone treatment for bipolar disorder
patients as well as schizophrenic patients [11], we also long-
itudinally investigated the plasma levels of catecholamine me-
tabolites. We discuss the efficacy of this combination therapy for
acute or maintenance treatment of bipolar disorder from a
pharmacological point of view.
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Measurement of plasma levels of catecholamine metabolites
The plasma levels of homovanillic acid (HVA) and 3-methoxy-4-
hydroxyphenylglycol (MHPG) were analyzed by high-perfor-
mance liquid chromatography with electrochemical detection
(HPLC-ECD) according to the method of described previously [11].

Case report

Case 1

The patient was a 33-year-old male with a diagnosis of bipolar I
disorder without psychotic features according to the DSM-IV. His
family history had no remarkable findings. He had his first manic
episode at the age of 28. He visited our university hospital and
was diagnosed with manic episode with elevated mood, talka-
tiveness, hyperactivity, excitement, aggression, hypersexuality,
and insomnia. His score in Young Mania Rating Scale (YMRS)
was 30. He was started on lithium carbonate (400 mg/day), which
was gradually titrated up to 800 mg/day, and his plasma level of
lithium carbonate was 0.8 mEq/l. In order to control his manic
symptoms rapidly, risperidone (4 mg/day) was added to the on-
going lithium carbonate therapy. His manic state gradually de-
creased within 8 weeks (his score in YMRS was 4). His plasma
levels of homovanillic acid (HVA) were 11.8, 10.8, 8.4, 8.8, and
8.0 ng/ml at before and 2, 4, 6, and 8 weeks after administration of
risperidone, respectively. His plasma levels of 3-methoxy-4-hy-
droxyphenylglycol (MHPG) were 12.2,11.8,10.5, 7.8, and 7.9 ng/ml
at before and 2, 4, 6, and 8 weeks after administration of risper-
idone, respectively. After his manic state had subsided, the risper-
idone was tapered off, and he was maintained with lithium
carbonate (800 mg/day) alone. Two months later, his manic state
recurred (his plasma levels of HVA and MHPG were 10.9 and
12.8 ng/ml, respectively; his score in YMRS was 25). Risperidone
(2mg/day) was again added to the ongoing lithium carbonate
monotherapy (800 mg/day), and he again recovered from the
manic episode (his plasma levels of HVA and MHPG were 8.2
and 9.0 ng/ml, respectively; his score in YMRS was 5). Because he
became slightly depressive a month later, and his score in Hamil-
ton Rating Scale for Depression (HAM-D) was 18, risperidone was
stopped and only lithium carbonate was continued. His plasma
levels of lithium carbonate were stable (0.6-0.9 mEq/l). After one
year, he again had a manic episode (his plasma levels of HVA and
MHPG were 10.9 and 12.1 ng/ml, respectively; his score in YMRS
was 26). Risperidone (2 mg/day) was added to his lithium carbo-
nate treatment (lithium carbonate was increased to 1000 mg/day,
and his plasma levels of lithium carbonate were 0.9-1.1 mEq/L).
His manic state was remitted within 4 weeks (his plasma levels of
HVA and MHPG were 8.1 and 9.1 ng/ml, respectively; his score in
YMRS was 5). Thereafter, he was treated with a combination of
risperidone (1 mg/day) and lithium carbonate (800 mg/day), and
has had no recurrence for a period of more than 5 years. At last
measurement, his plasma levels of HVA and MHPG were 8.3 and
8.8 ng/ml, respectively. His body weight and plasma glucose level
were constant and no extrapyramidal symptoms were seen dur-
ing the risperidone and lithium carbonate treatment.

Case 2

The patient was a 34-year-old female with a diagnosis of bipolar |
disorder without psychotic feature according to DSM-IV. She had
no family history of neuropsychiatric disease. After her divorce at
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the age of 28 years, she was in a moderately depressive state for one
month (her score in HAM-D was 17), and received no antidepres-
sant treatment. Gradually, she developed into a manic state with
elevated mood, talkativeness, agitation, hyperactivity, excitement,
high self-esteem, and insomnia (her score in YMRS was 28), and she
visited our university hospital at the age of 29. She was commenced
on lithium carbonate (400 mg/day), which was gradually titrated
up to 1000 mg/day in two weeks later, and her plasma level of
lithium carbonate was 0.8 mEq/l. Then, risperidone (4 mg/day) was
added to the ongoing lithium carbonate therapy in order to rapidly
control her manic symptoms. Her manic state gradually decreased
over a period of 8 weeks (her score in YMRS was 4). Her plasma
levels of HVA were 8.2, 8.3, 7.8, 7.1, and 6.5 ng/ml at before and 2, 4,
6, and 8 weeks after administration of risperidone, respectively. Her
plasma levels of MHPG were 11.8, 10.9, 8.9, 8.7, and 8.5ng/mi at
before and 2, 4, 6, and 8 weeks after administration of risperidone,
respectively. After her manic state subsided, the risperidone was
tapered off, and she was maintained with lithium carbonate mono-
therapy (800 mg/day). Ten months later, she became manic again
(her plasma levels of HVA and MHPG were 8.4 and 10.9ng/ml,
respectively; her score in YMRS was 25). Risperidone (4 mg/day)
was added to her lithium carbonate regimen (lithium carbonate
was increased to 1200 mg/day, and her plasma levels of lithium
carbonate were 0.9-1.2 mEq/L) and her manic state subsided with-
in 6 weeks (her plasma levels of HVA and MHPG were 6.9 and
8.1 ng/ml, respectively; her score in YMRS was 3). Thereafter, she
was treated with risperidone (1 mg/day) and lithium carbonate
(800 mg/day), and she has been stable for more than 5 years. At
last measurement, her plasma levels of HVA and MHPG were 6.1
and 8.6 ng/ml, respectively. Her body weight and plasma glucose
level were constant and no extrapyramidal symptoms were seen
during the risperidone and lithium carbonate treatment.

Discussion

In the two present cases, combination treatment with risperidone
and lithium was well tolerated and effective for treatment of acute
mania and prevention of its relapse over the long term. The plasma
levels of HVA and MHPG were elevated during the manic episode
and were gradually decreased after risperidone administration for
the treatment of acute mania. In addition, the decreases of the
plasma HVA and MHPG levels paralleled the improvement of
manic symptoms. The plasma levels of MHPG and HVA were
raised during the manic state and were maintained at low levels
during the remissional state. In both cases, we reconfirmed that
lithium monotherapy could not prevent the relapse of the manic
episodes of bipolar disorder, even though the plasma levels of
lithium were adequate. Furthermore, side effects such as extra-
pyramidal symptoms, glucose metabolism, and weight gain were
not observed during the long-term risperidone treatment. A num-
ber of studies have demonstrated that the combination of risper-
idone and a mood stabilizer was efficacious and well tolerated for
the continued treatment of patients who had been initially hospi-
talized for the management of an acute episode [8] and the results
of the present cases are in agreement with these studies. However,
we cannot rule out the possibility that risperidone alone would
have been effective for preventing the relapse of mania in the
present cases. The main strengths of this study were that the
follow-up periods were much longer (more than 5 years) than

Pharmacopsychiatry 2006; 39: 233234

those of earlier studies, and the plasma levels of MHPG and HVA
were longitudinally monitored. We also found that addition of the
risperidone does not significantly influence the plasma levels of
lithium (case 1: the median plasma levels of lithium before and
after risperidone administration were 0.7 and 0.7, respectively;
case 2: 0.8 and 0.7, respectively). Several reports have demon-
strated that pretreatment cerebrospinal fluid (CSF) HVA is elevated
in certain groups of manic episodes [9,10]. Mazure and Bowers [4]
reported that there is a significant relationship between elevated
pretreatment plasma HVA and antipsychotic drug response in
mania, and that plasma MHPG has not been as consistent a marker
for successful treatment with antipsychotic drugs. Our data are
consistent with the results of Mazure and Bowers [4] regarding

_plasma HVA levels but not MHPG levels. On the other hand, the

plasma MHPG levels in these two cases were also elevated during
the manic episodes and gradually declined along with the im-
provement of manic symptoms by risperidone treatrent.

In conclusion, we have presented here two cases of bipolar I
disorder patients who were successfully treated with a combina-
tion of risperidone and lithium in the acute manic state and the
later maintenance period. Since the dosage of lithium was in-
creased in both cases (case 1; third manic episode, case 2; second
manic episode), the possibility that lithium monotherapy would
be effective for these acute manic episodes could not be com-
pletely ruled out.
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Abstract

In the present study, the authors reported a case of systemic lupus erythematosus (SLE) with central nervous system involvement (CNS lupus).
The authors also longitudinally investigated plasma levels of brain-derived neurotrophic factor (BDNF) and catecholamine metabolites in the
patient, and found that plasma levels of BDNF, 3-methoxy-4-hydroxyphenylglycol (MHPG), and homovanillic acid (HVA) were raised in
accordance with the severity of psychotic symptoms in this case of CNS lupus. These results suggest that it is useful to measure plasma levels of
BDNF and the catecholamine metabolites in order to predict the severity of psychotic symptoms in CNS lupus and to provide a differential

diagnosis from that of steroid-induced psychosis.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Brain-derived neurotrophic factor (BDNF) is a critical
mediator of neuronal development, survival, and function
(Lewin and Barde, 1996). In addition, BDNF is currently
considered to modulate and regulate immune functions (Vega et
. al., 2003; Nockher and Renz, 2003). Systemic lupus erythema-
tosus (SLE) is a multisystem autoimmune disease characterized
by several abnormalities of the cellular immune system,
including a loss of B cell tolerance and the production of
pathogenic autoantibodies (Shlomchik et al., 1994). Between
18% and 67% of patients with SLE exhibit central nervous
system (CNS) involvement (CNS lupus), which is associated
with inflammatory features in the brain. Patients with CNS
lupus often reveal various psychiatric features such as delirium,
cognitive blunting, psychosis, and affective disorder (Warmatz
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lupus erythematosus; HVA, homovanillic acid; MHPGI1, 3-methoxy-4-
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et al., 2003). Since patients with SLE are occasionally treated
with corticosteroids, it is difficult to differentiate between CNS
lupus psychosis and steroid-induced psychosis (Hall et al,,
1979; Lewis and Smith, 1983) in this population. The IgG index
and IL-6 levels are used as biological markers of the cerebral
activity in patients with CNS lupus (The American College of
Rheumatology, 1999). In the present study, we report a case of
CNS lupus, in which we longitudinally investigated the plasma
levels of BDNF and catecholamine metabolites during active
psychotic phases and inactive phases in a patient with CNS
lupus. We found that plasma levels of BDNF, free 3-methoxy-4-
hydroxyphenylglycol (MHPG), and homovanillic acid (HVA)
were elevated in correlation with the activity of psychotic
symptoms in this case of CNS lupus.

2. Case report

A 20-year-old woman in a delirious state was admitted to the
psychiatric ward at our university hospital. Three months prior
to her admission, the patient had been diagnosed with SLE, as
based on the presence of antinuclear antibodies, increased DNA
binding, photosensitivity, aphthosis, Jaccoud’s arthritis, anaemia,
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(B)

Fig. 1. Sagittal T2-weighted MR (A) Day 0, (B) Day 130.

and leucopenia. In addition, a MRI scan showed a large high
signal intensity area on T2-weighted imaging in the bilateral
basal ganglia and white matter regions (Fig. 1A); moreover the
patient’s SPECT images showed an area of hypoperfusion area
in the same regions (Fig. 2A) (Day 0). The patient’s IgG index
and the level of IL-6 in her level of cerebrospinal fluid (CSF)
were 1.06 and 4.7 pg/mL, respectively. Based on the results of
these clinical examinations and imaging studies, the patient was
diagnosed with CNS lupus. After the patient had been treated
with predonisolone and cyclophosphamide pulse therapy, the
clinical course of illness was stabilized. The patient’s IgG index
and the CSF level of IL-6 were improved to 0.79 and 1.1 pg/mL,
respectively (Fig. 3). After stabilization, the cyclophosphamide
therapy was discontinued, and the dosage of predonisolone
gradually reduced. As the patient experienced a delirious
episode; her scores of the Delirium Rating Scale Revised 93
(DRS-R-98) (Trzepacz et al., 2001) and the Mini-mental state
examination (Folstein et al., 1975) were 18 and 6, respectively in

(A)

spite of the discontinnance of cyclophosphamide and the
tapering off the prednisolone. Her clinical diagnosis evaluated
in DSM-IV-TR (American Psychiatric Association, 2000) was
Mental Disorders (Delirium) Due to a General Mental Condition.
Treatment with an oral solution of risperidone was initiated, and
the dosage was increased to 2 mg/day to treat the episode of
delirium. After the latter treatment had been administered, the
patient’s state of delirtum gradually subsided; her scores of the
DRS-R-98 were 12, 8,-and 6 at 1, 2, and 4 weeks after
risperidone administration, and her score of the MMSE was 26.
The MRI findings revealed the disappearance of the large high
signal intensity area (Fig. 1B), and the SPECT results showed a
recovery from hypoperfusion in the same region (Fig. 2B) (Day
130). Furthermore, since the patient occasionally exhibited mood
fluctuations; her score of the Young Mania Rating Scale
(YMRS) (Young et al., 1978) was 20, lithium carbonate was
administered, and the dosage was increased to 1000 mg/day
(plasma lithium level: 0.7 mEqg/L). The patient’s mood was

(B)

Fig. 2. SPECT images. (A) Day 0, (B) Day 130.
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Fig. 3. Changes in IgG index and CSF levels of IL-6.

stabilized 2 weeks after the administration of lithium; her score
of the YMRS was 4.

3. Measurement of plasma levels of BDNF and
catecholamine metabolites

In the present case, we analyzed the patient’s plasma levels
of BDNF and those of the catecholamine metabolites 3-
methoxy-4-hydroxyphenylglycol (MHPG) and homovanillic
acid (HVA). All blood samples were drawn to plastic tubes with
ethylenediaminetetraacetic acid at 7:00 a.m. before breakfast.
The plasma samples were quickly separated in a centrifuge
(2000xg, 10 min, 4 °C) and plasma fractions were stored at — 80
until use for the assay. Plasma levels of MHPG and HVA were
analyzed by previously described high-performance liquid
chromatography methods (Yoshimura et al., 2000; Kakihara et
al., 2005). Plasma BDNF levels were measured using the BDNF
Emax Immunoassay System Kit (Promega, Madison, WI, USA)
according to the manufacturer’s instructions.
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4, Changes in plasma levels of BDNF and catecholamine
metabolites in the present case

The patient’s plasma level of BDNF was 620—-660 pg/mL
when her mental status was stable (Days 0, 7, 130, 148, and
167). However, her BDNF levels increased up to 1220—
1370 pg/mL during active psychotic episodes (Days 61, 70, 78,
and 106). Similarly, the patient’s plasma level of MHPG
increased from 8.4—8.8 ng/mL to 11.9-14.4 ng/mL, and her
plasma level of HVA increased from 7.9-8.9 ng/mL to 13.1-
15.1 ng/mL (Fig. 4).

5. Discussion

The most interesting finding of the present study was that in
this CNS lupus patient, the plasma levels of BDNF and
catecholamine metabolites (MHPG and HVA) were increased in
parallel with the activity of her psychotic symptoms, and not as
might have been expected with the dosage of prednisolone or
cyclophoaphamide. In contrast, the IgG index and the CSF level
of IL-6 reflected the physical activity of SLE, however, those
were not in accordance with the severity of her psychotic
symptoms. Although BDNF is highly concentrated in the brain,
it is also present in the plasma and serum; however the source of
circulating BDNF remains unknown. Platelets, brain neurons,
and vascular endothelial cells have been considered as
candidate sources of circulating BDNF (Hashimoto et al.,
2004). It has been reported that BDNF is able to cross the
blood~brain barrier (Pan et al., 1998), and that BDNF levels in
the brain and serum undergo similar changes during maturation
and aging in rats (Karege et al,, 2002), thus indicating that
plasma BDNF levels might, at least in part, reflect the BDNF
levels in the brain. In addition, it has been hypothesized that
one-third of the plasma MHPG and 30—50% of the plasma HVA
are derived from the brain (Yoshimura et al., 2004). The reasons.
for which the levels of plasma BDNF and catecholamine
metabolites (MHPG and HVA) were increased during the active
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Fig. 4. Changes in plasma levels of BDNF and catecholamine metabolites.
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phase of CNS lupus in this patient remain unknown. It has been
reported that BDNF is upregulated by inflanunatory mediators
such as TNFa and IL-6, and BDNF is known to play a critical
role in B cell development; all of these factors are in some
manner related to the pathophysiology of SLE (Schuhmann et
al., 2005; Schulte-Herbriiggen et al., 2005). Taken together, the
results of this study and those of previous reports suggest that
increased plasma BDNF is reflective of hyperactivity of the
immune system in both the brain and peripheral organs. Not
only BDNF, but also the two catecholamine metabolites
(MHPG and HVA) were found to be increased during the
active phase of disease in this patients with CNS lupus.
Recently, we reported increased plasma levels of MHPG in
delirious patients (Nakamura et al., 1997), and we hypothesized
that the hyperactivity of the noradrenergic neurons was
connected to the development of delirium (Nakamura et al.,
2001). The results of the present study were basically in
accordance with of those our previous reports. In the present
study, we demonstrated that plasma HVA, a major metabolite of
dopamine, was also elevated; this finding is also considered to
be reflecting of hyperactive dopaminergic neurons. The
increased HVA levels in the present case did not contradict
previous findings of increased HVA levels in patients with
schizophrenia, mania, and psychotic depression (Yoshimura et
al., 2003, 2004, 2005), as the present patient with CNS lupus
exhibited a variety of psychotic symptoms such as psychosis
and mood swings. In short, it is possible that the hyperactivity of
the immune systems and that of the catecholaminergic neurons
plays a role in inducing the development of psychotic symptoms
in patients with CNS lupus.

In the present study, the oral solution of risperidone (2 mg/
day) was effective for the treatment of delirium without any
adverse effects. Several reports demonstrated that risperidone is
effective and well-tolerated for the treatment of delirium
(Horikawa et al., 2003; Han and Kim, 2004; Parellada et al.,
2004). Interestingly, Nishimura et al. (2003) also reported a case
of neuropsychiatric SLE presenting an acute confusional state
(delirtum), which was successfully managed with risperidone.
Recently, we demonstrated that oral solution of risperidone is
effective for the positive symptoms of acute phase schizo-
phrenic patients, especially for excitement, hostility, and poor
impulse control (Yoshimura et al., 2005). Pharmacologically,
the oral solution of risperidone has the same profile as a
risperidone tablet. In addition, the oral solution of risperidone
has almost the same pharmacokinetic profile (the Tmax of the
oral solution of risperidone is a little shorter than that of
risperidone tablet) (Rispadal Package-Insert, Janssen Pharma-
ceutical K.X. Japan). Therefore, the oral solution of risperidone
is preferable to risperidone tablet for using in a psychiatric
emergency service setting (Currier and Simpson, 2001) or
physically complicated patients who have difficulty in
swallowing.

6. Conclusion

We reported here a case study of a patient with CNS lupus,
in whom increasing plasma levels of BDNF and catechol-

amine metabolites were observed in parallel with increases in
the severity of psychotic symptoms. We therefore propose the
usefulness of measuring plasma levels of BDNF, MHPG, and
HVA in patients with CNS lupus in order to predict the
activity of psychotic symptoms. In addition, the present
findings suggest that such measurements might also be useful
for differentiating between cases of CNS lupus and steroid-
induced psychosis.
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