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Abstract: Although three drugs, risperidone, yokukansan, and fluvoxamine, have shown equal 

efficacy in treating behavioral and psychological symptoms of dementia (BPSD) in our previous 

study, their mechanisms of action are different from one another. Monoamines have attracted 

attention for their key roles in mediating several behavioral symptoms or psychological symptoms 

through synaptic signaling. We aimed to clarify the monoamines changed by treatment with each 

drug in patients with BPSD. The main purpose of this study was to determine whether plasma 

levels of catecholamine metabolites are correlated with pharmacological treatments. This was 

an 8-week, rater-blinded, randomized, flexible-dose, triple-group trial. In total, 90 subjects were 

recruited and subsequently three different drugs were allocated to 82 inpatients with BPSD. 

We examined BPSD data from patients who completed 8 weeks of treatment. Eventually, we 

analyzed 42 patients (yokukansan: 17; risperidone: 9; fluvoxamine: 16). Homovanillic acid, a 

metabolite of dopamine, and 3-methoxy-4-hydroxyphenylglycol, a metabolite of noradrenaline, 

in their plasma were analyzed by high-performance liquid chromatography with electrochemical 

detection. All three drugs showed equal significant efficacy between baseline and study end-

point. By contrast, biomarkers showed mutually different changes. Patients in the yokukansan 

group had significantly decreased plasma homovanillic acid levels from baseline. Conversely, 

patients in the risperidone and fluvoxamine groups exhibited no significant changes in plasma 

homovanillic acid levels from baseline. Yokukansan contains geissoschizine methyl ether, 

which is known to have a partial agonist effect on dopamine D2 receptors. An improvement 

in BPSD condition with the intake of yokukansan is suggested to occur through a suppressed 

dopaminergic function, which is similar to the effect of aripiprazole.
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Introduction
The term behavioral and psychological symptoms of dementia (BPSD) is used to cover 

a range of non-cognitive disturbances including anxiety, depression, irritability, aggres-

sion, agitation, eating disorders, and inappropriate social or sexual behaviors.1,2 BPSD 

is seen in about 90% of patients with dementia.3 Although it is difficult to improve 

cognitive function – the core symptom of dementia – through pharmacological treat-

ments, BPSD is reported to improve after certain pharmacological treatments, such 

as by herbal medicines,4–9 antipsychotic drugs,10 and antidepressants.9,11 Lanari et al 

proposed that the pathophysiology of BPSD is related to an imbalance among different 

neurotransmitters, namely acetylcholine, serotonin, dopamine, and noradrenaline.12

Yokukansan was developed in 1555 by Xue Kai, which is a traditional medi-

cine – the so-called kampo medicine – in Japan. It has been approved by the Ministry 
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of Health, Labour and Welfare of Japan as a remedy for 

neurosis, insomnia, and irritability in children. The clini-

cal efficacy of yokukansan in the treatment of BPSD has 

been demonstrated not only in open studies5–7 but also in a 

randomized cross-over study.13 The neuropharmacological 

properties of yokukansan have been suggested to include its 

serotonin receptor agonistic effects.14 Currently, the most 

common drug therapy for BPSD is antipsychotics.15 How-

ever, adverse reactions such as deterioration of cognitive 

function, extrapyramidal symptoms, and gait disturbance 

limit the use of atypical antipsychotics in the treatment of 

these symptoms.16 The neuropharmacological properties 

of numerous antipsychotics are primarily exerted through 

dopamine antagonism.17 Previously, we prescribed a selec-

tive serotonin reuptake inhibitor (SSRI), fluvoxamine, for 

the treatment of BPSD in three patients with dementia and 

reported its efficacy.18 Additionally, randomized studies have 

demonstrated the efficacy of fluvoxamine9 and citalopram11 

for BPSD. Fluvoxamine is an SSRI that has been available 

as an antidepressant since 1983 in many countries. The 

neuropharmacological properties of fluvoxamine have been 

suggested to include its serotonin reuptake inhibitor effects. 

However, no current hypotheses can sufficiently explain the 

pathophysiological and neurobiological basis of BPSD.

Despite numerous advances toward understanding the 

pharmacological treatments of BPSD, the outcomes for the 

underlying mechanisms remain poor because of the limited 

understanding of BPSD etiology. Clarification of the neu-

robiological basis in the etiology of BPSD is an important 

issue from the viewpoint of clinical strategy. In particular, 

monoamines have attracted attention for their key roles in 

mediating several behavioral symptoms or psychological 

symptoms through synaptic signaling, all of which are 

thought to be involved in the pathophysiology of psychiatry. 

Our previous report9 has shown the efficacy and tolerability 

of risperidone, yokukansan, and fluvoxamine for BPSD. 

Therefore, we focused on the biological changes as the sec-

ondary analysis in this study. There is currently no biomarker 

that can serve as an objective index for evaluating BPSD. 

The main purpose of this study was to determine whether 

plasma levels of catecholamine metabolites are correlated 

with pharmacological treatments.

Materials and methods
study design
This was an 8-week, rater-blinded, randomized, flexible-dose, 

triple-group trial. Participants with dementia underwent treat-

ment for BPSD in hospitals because their home caregivers, and 

even nursing homes or similar institutions, could no longer 

manage their BPSD. Ninety patients were selected from the 

inpatients with BPSD at Sato Hospital, a psychiatric hospital 

in Nanyo (Yamagata, Japan). Data were collected between 

January 2009 and August 2010 and registered in the UMIN 

Clinical Trials Registry (identifier: UMIN000006146). This 

study relates to the secondary analysis of a previous study.9

Patients or their legally authorized representatives pro-

vided written informed consent before entering the trial, after 

receiving a detailed explanation of the procedures and possible 

adverse events. The study protocol was approved by the Ethics 

Committees of Sato Hospital and Tohoku University (Sendai, 

Miyagi, Japan). The study was conducted in accordance with 

the Declaration of Helsinki. Patients who met the inclusion and 

exclusion criteria and who were able to provide written informed 

consent before entering this study were accepted. According 

to the requirements of the ethics committees, written informed 

consent was obtained from the patients themselves participating 

in the study as much as possible. No important changes to the 

methods were made after trial commencement, and no interim 

analyses or stopping guidelines were performed.

inclusion criteria
For inclusion in the trial, patients had to have a diagnosis of 

dementia according to the Diagnostic and Statistical Manual 

of Mental Disorders, Fourth Edition (DSM-IV) criteria. We 

diagnosed dementia subtypes based on the diagnostic criteria 

for Alzheimer’s disease in the National Institute for Com-

municative Disorders and Stroke–Alzheimer’s Disease and 

Related Disorders Association (NINCDS-ADRDA),19 the 

criteria for vascular dementia in the National Institute of 

Neurological Disorders and Stroke-Association International 

Pour la Recherche et I’Enseignement en Neurosciences 

(NINDS-AIREN) International Workshop,20 and the consen-

sus guidelines for dementia with Lewy bodies.21 Additionally, 

we included patients whose total score in the Mini-Mental 

State Examination (MMSE)22 was less than 19 and who had 

at least one symptom score of .4 in the Neuropsychiatric 

Inventory in Nursing Home Version (NPI-NH)23 subscales 

at the time of starting the trial. Regardless of the response 

or non-response received, we extracted data for all patients 

who accomplished treatment for 8 weeks.

exclusion criteria
Patients were excluded from the study for any of the fol-

lowing criteria: participation in any other drug trial within 

4 weeks of the first trial visit; known or suspected hypersen-

sitivity to risperidone, yokukansan, or fluvoxamine; evidence 

of chronic and/or severe disease; and severe or unstable 

disease of any type that could interfere with the trial.
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Treatments
Yokukansan, TJ-54, was obtained from Tsumura Co. (Tokyo, 

Japan). Seven and a half grams of yokukansan extract granules 

contain 3.25 g of the following mixed drugs: 4 g of Japanese 

Pharmacopoeia (JP) Atractylodes Lancea Rhizome, 4 g of 

JP Poria Sclerotium, 3 g of JP Cnidium Rhizome, 3 g of 

JP Uncaria Hook, 3 g of Japanese Angelica Root, 2 g of JP 

Bupleurum Root and 1.5 g of Glycyrrhiza. These herbs are reg-

istered in the Pharmacopoeia of Japan 15th edition (2010).

Patients who met the inclusion criteria at the screen-

ing visit began a washout, during which all psychotropic 

medications were discontinued. The length of the washout 

period was at least 1 week. Zopiclone (7.5–10 mg/day) and 

brotizolam (0.25 mg/day) were permitted to be taken orally 

for insomnia. Donepezil was also permitted if already started 

before trial entry. Anticholinergic medication was allowed 

for the treatment of extrapyramidal symptoms if a reduction 

in the trial medication dose was not effective. Other than 

these drugs, no psychotropic medication was administered 

during the trial.

At the first visit, patients were simply randomized to a flex-

ible oral dosing regimen of yokukansan (2.5–7.5 g/day), ris-

peridone (0.5–2.0 mg/day), or fluvoxamine (25–200 mg/day) 

by the trial investigator to preserve rater-blinding (the rater 

was responsible for the correct conduct of psychological 

scales and tests, but did not know which medications were 

administered to which patients). These regimens were similar 

to the dose ranges and increment dose ranges reported in 

methodology for yokukansan,6 risperidone,24 and fluvoxam-

ine25 in previous studies on elderly patients with psychotic 

disorders. The patients were randomized sequentially accord-

ing to a computer-generated scheme.

Dose adjustments were made at the discretion of the trial 

investigator according to the patients’ clinical responses. The 

doses were increased in units of 2.5 g/day for yokukansan, 

0.5 or 1.0 mg/day for risperidone, and 25 or 50 mg/day for 

fluvoxamine. Titration to the maximal dose for each drug was 

permitted if the drug was tolerated by the patients according 

to the judgment of the investigator.

assessments
Assessments were made at baseline and the study endpoint 

of 8 weeks. BPSD and cognitive functions were evaluated 

using the NPI-NH and MMSE, respectively.

Efficacy evaluation
The primary efficacy endpoint was the change from baseline 

to study endpoint in the neuropsychiatric status as measured 

by the NPI-NH. This instrument was developed for use by 

professional caregivers and evaluates 12 neuropsychiatric 

symptoms. Assessment by the NPI-NH is defined to rate the 

severity and frequency of the symptoms.

cognitive function evaluation
The secondary endpoint was the change from baseline to 

study endpoint in cognitive function as measured by the 

MMSE.

sample collection
As described in detail previously,26 blood was drawn from 

each subject every 2 weeks by venipuncture in a blood-

collection tube containing anticoagulant ethylenediamine 

tetra-acetic acid between 10 am and 5 pm. The tubes were 

immediately cooled to 4°C and then centrifuged at 2,000× g 

for 20 minutes. The plasma samples obtained were kept 

at −80°C until analysis.

laboratory assays
The plasma levels of homovanillic acid (HVA) and 

3-methoxy-4-hydroxyphenylglycol (MHPG) were ana-

lyzed by high-performance liquid chromatography with 

electrochemical detection26–28 using internal standard 

(5-hydroxyindolecarboxylic acid) and standard addition 

methods.

statistical analysis
Quantitative variables are expressed as mean ± SD and 

qualitative variables are expressed as absolute value and 

percentage, unless otherwise noted. Comparisons of base-

line demographic and clinical characteristics (sex, age, 

diagnosis of dementia, donepezil rate, NPI-NH, and MMSE) 

were investigated using the χ2-test or one-way analysis of 

variance (ANOVA) for group differences. Changes were 

examined for treatment effects using the Wilcoxon signed-

rank test to compare the baseline and endpoint values for 

each treatment. The Bonferroni test was used as a post hoc 

test for the repeated-measures ANOVA. Comparisons of 

individual drugs were performed by ANOVA, and Scheffe’s 

F test was used as a post hoc test. Statistical significance 

was defined as P,0.05. All analyses were performed using 

SPSS software version 19.0 for Macintosh (SPSS Japan, 

Tokyo, Japan).

Results
study participants
Ninety patients were screened. Of these patients, eight 

failed to meet the inclusion criteria, by having total NPI-NH 

scores of ,3. Therefore, 82 patients were included and 
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treated with yokukansan, risperidone, or fluvoxamine. 

Forty patients (yokukansan: 10; risperidone: 18; fluvox-

amine: 12) did not complete the follow-up component 

of the study. These participants discontinued for the 

following reasons. Sixteen patients (yokukansan: 3; ris-

peridone: 9; fluvoxamine: 4) did not continue the 8-week 

trial as they were discharged because of improvement, 

family reasons, or entrance to facility. One patient on 

risperidone died suddenly. Thirteen patients discontinued 

the trial because of deterioration of psychiatric symptoms 

(yokukansan: 5; risperidone: 3; fluvoxamine: 5). Thirteen 

patients discontinued the trial because of somatic symptoms 

(yokukansan: 3; risperidone: 5; fluvoxamine: 3), such as 

fracture, cerebral hemorrhage, dysphagia, oversedation, 

asthma, pneumonia, bilateral subdural hematoma, or fever. 

Thus, 42 patients (yokukansan: 17; risperidone: 9; fluvox-

amine: 16) completed 8 weeks of treatment in the study 

(Figure 1) and were analyzed.

Patient characteristics
The baseline characteristics for the intention-to-treat popula-

tion are shown in Table 1. No significant differences among 

the yokukansan, risperidone, and fluvoxamine groups were 

found with respect to sex, age, distribution of dementia diag-

nosis, and concomitant use of donepezil (P.0.05). Further-

more, no significant group differences among the three drugs 

Figure 1 Flowchart of patient numbers throughout the trial.

Table 1 Demographic and baseline characteristics of the intention-to-treat population

Characteristics Risperidone n=9 Yokukansan n=17 Fluvoxamine n=16 P-value

sex, n (%)
Male 3 (33.3) 3 (17.6) 6 (37.5) 0.423
Female 6 (66.7) 14 (82.4) 10 (62.5)

Mean age, years (sD) 80.2 (9.0) 83.6 (6.0) 83.9 (4.9) 0.405
Diagnosis, n (%)

aD 6 (66.7) 14 (82.4) 11 (68.8) 0.367
VD 3 (33.3) 3 (17.6) 3 (18.8)
DlB 0 (0.0) 0 (0.0) 2 (12.5)

Donepezil, n (%)
Yes 6 (66.7) 13 (76.5) 15 (93.8) 0.211
No 3 (33.3) 4 (23.5) 1 (6.3)

assessments (points)
NPi-Nh (sD) 29.4 (17.1) 26.1 (14.3) 22.0 (12.2) 0.413
MMse (sD) 3.8 (4.5) 2.9 (3.6) 4.3 (5.5) 0.506

Abbreviations: aD, alzheimer’s disease; VD, vascular dementia; DlB, dementia with lewy bodies; MMse , Mini-Mental state examination; NPi-Nh, Neuropsychiatric 
inventory in Nursing home Version; sD, standard deviation.
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were found with respect to assessments of BPSD (P=0.413) 

and cognitive function (P=0.506) at baseline. Additionally, 

ECG and laboratory data including complete blood count, 

chemistry, urinalysis, thyroid function, vitamin B12, and 

folate levels were mostly within the normal range in all 

patients.

Treatments
As described in detail previously,9 medication was based on 

a flexible-dose regimen, that is, the dose of trial medication 

was adjusted according to the patients’ clinical response and 

tolerability at the discretion of the trial investigator. In this 

study, the mean doses at 8 weeks for yokukansan, risperidone, 

and fluvoxamine were 6.32±2.19 g/day, 1.17±0.71 mg/day, 

and 87.5±64.5 mg/day, respectively.

assessments
All three drugs significantly reduced the NPI-NH total 

scores between baseline and study endpoint. The total 

NPI-NH scores decreased from 26.1±14.3 to 12.5±10.6 

with yokukansan (P=0.002), 29.4±17.1 to 16.6±9.5 with 

risperidone (P=0.044), and 22.0±12.2 to 11.4±10.6 with 

fluvoxamine (P=0.003). No significant differences among 

the yokukansan, risperidone, and fluvoxamine groups were 

found with respect to the assessment of BPSD at baseline 

(P=0.413) (Table 1).

assessment of cognitive function (MMse)
No significant changes in the MMSE scores were observed 

between baseline and study endpoint for all drugs. Spe-

cifically, the MMSE scores changed little from 2.9±3.6 to 

4.1±4.5 with yokukansan (P=0.057), 3.8±4.5 to 2.9±4.3 

with risperidone (P=0.179), and 4.3±5.4 to 3.6±5.8 with 

fluvoxamine (P=0.291). No significant differences among 

the yokukansan, risperidone, and fluvoxamine groups were 

found with respect to the assessment of cognitive function 

at baseline (P=0.506) (Table 1).

Biological markers
hVa at baseline
The HVA levels at baseline were as follows: 17.1±7.6 ng/

mL for the yokukansan group (n=17), 12.8±5.4 ng/mL for 

the risperidone group (n=9), and 13.9±3.9 for the fluvox-

amine group (n=16) ng/mL. No significant differences were 

found among the yokukansan, risperidone, and fluvoxamine 

groups with respect to HVA levels at baseline (P=0.154). 

Including the dropout participants, the HVA levels at base-

line were as follows: 17.2±8.1 ng/mL for the yokukansan 

group (n=27), 17.6±14.2 ng/mL for the risperidone group 

(n=27), and 15.2±6.5 ng/mL for the fluvoxamine group 

(n=28). No significant differences were found between the 

three groups in terms of the HVA levels at baseline when 

the dropout patients were included (P=0.638). The HVA 

levels at baseline in the dropout patients were as follows: 

17.4±9.4 ng/mL in the yokukansan group (n=10), 20.0±16.7 

ng/mL in the risperidone group (n=18), and 16.9±8.8 ng/

mL in the fluvoxamine group (n=12) ng/mL. No significant 

differences were found between the completed group and 

the dropout group in terms of the HVA levels at baseline in 

each medication group; (Mann–Whitney U-test; P=0.941 

for yokukansan, P=0.053 for risperidone, and P=0.599 for 

fluvoxamine).

changes of hVa (dopamine metabolite)
The patients in the yokukansan group had significantly 

decreased plasma HVA levels during the entire period 

(repeated-measures ANOVA: P=0.006) (Table 2 and 

Figure 2). Specifically, the plasma HVA levels differed 

significantly from baseline within the yokukansan group at 

6 weeks (P=0.037) and 8 weeks (P=0.036) (repeated-measures 

ANOVA, post hoc Bonferroni multiple comparison). How-

ever, the patients in the risperidone and fluvoxamine groups 

exhibited no significant changes in plasma HVA from base-

line (repeated-measures ANOVA: P=0.548 for risperidone 

and P=0.414 for fluvoxamine).

Table 2 Mean changes in biological markers

Variables n Baseline 2 weeks 4 weeks 6 weeks 8 weeks P-value

MhPg (ng/ml)
risperidone 9 13.7 (6.4) 14.4 (5.2) 12.7 (4.3) 14.9 (4.5) 13.1 (4.6) 0.435
Yokukansan 17 13.4 (6.7) 11.0 (3.4) 11.8 (4.1) 12.7 (3.8) 13.0 (4.8) 0.191
Fluvoxamine 16 12.1 (4.6) 12.1 (4.8) 11.3 (4.6) 10.7 (3.2) 10.4 (2.5) 0.313

hVa (ng/ml)
risperidone 9 12.8 (5.4) 14.6 (6.3) 12.2 (5.5) 12.8 (4.0) 13.6 (3.5) 0.548
Yokukansan 17 17.1 (7.6) 12.4 (7.7) 13.3 (6.0) 11.2 (3.4) 12.2 (6.8) 0.006**
Fluvoxamine 16 13.9 (3.9) 12.9 (3.9) 16.0 (13.4) 12.4 (6.6) 11.7 (4.3) 0.414

Notes: Quantitative variables expressed as mean (standard deviation). changes were examined for treatment effects using the repeated-measures aNOVa (**P,0.01).
Abbreviations: aNOVa, analysis of variance; hVa, homovanillic acid; MhPg, 3-methoxy-4-hydroxyphenylglycol.
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changes of MhPg (noradrenaline metabolite)
The patients in all the three groups exhibited no significant 

changes in plasma MHPG during the entire period (repeated-

measures ANOVA: P=0.191 for yokukansan; P=0.435 for 

risperidone; and P=0.313 for fluvoxamine) (Table 2 and 

Figure 2). No significant differences among the yokukansan, 

risperidone, and fluvoxamine groups were found with respect 

to plasma MHPG levels at baseline (P=0.748).

Discussion
We previously reported that risperidone, yokukansan, and 

fluvoxamine showed equal efficacy in the treatment of 

BPSD in elderly patients.9 Although all the three drugs were 

effective in the treatment of BPSD, the specific mechanisms 

modified by each drug remain unclear. The mechanisms of 

the individual drugs are as follows. The neuropharmacologi-

cal properties of risperidone are primarily exerted through 

the antagonism of both serotonin 5-HT2 and dopamine D2 

receptors.17 Fluvoxamine is chemically unrelated to other cur-

rently available antidepressants.29 The neuropharmacological 

properties of fluvoxamine are suggested to include its sero-

tonin reuptake inhibitor effects. The neuropharmacological 

properties of yokukansan are suggested to include its sero-

tonin 1A receptor partial agonistic effects30,31 and serotonin 

2 receptor downregulatory effects.14 Thus, the neuropharma-

cological properties of all the three drugs are characterized by 

potent central monoamines. Therefore, we aimed to clarify 

the changes in monoamines caused by the treatment of each 

drug in patients with BPSD. In this study, the BPSD data 

from patients who completed 8 weeks of treatment with the 

three drugs were analyzed. In accordance with a previous 

study using the last-observation-carried-forward method,9 

we found that all the three drugs were found to be effective 

in the treatment of BPSD.

Yokukansan significantly decreased HVA, reflecting dop-

amine metabolism. When yokukansan was screened for the 

presence of antipsychotic agents, Pengsuparp et al identified 

geissoschizine methyl ether (GM), an indole alkaloid.32 GM was 

demonstrated to act as a partial agonist for dopamine D2 recep-

tors with similar intrinsic activity to aripiprazole.33 Dopamine 

D2 receptors are important targets for pharmaceutical agents 

used in the treatment of schizophrenia. Miyaoka et al34 reported 

that yokukansan is an efficacious treatment for psychosis 

in schizophrenia. Interestingly, aripiprazole, which acts as 

a partial D2 agonist similar to GM, significantly decreased 

HVA, reflecting dopamine metabolite levels.35 In this study, 

the decreased HVA induced by yokukansan may be due to the 

constituents of yokukansan such as GM partially inhibiting 

D2 receptors, resulting in significantly decreased dopamine 

metabolites in a time-dependent manner. In other words, in 

BPSD, the mechanism of yokukansan may involve stabiliza-

tion of excessive dopamine. In this study, we first found that 

yokukansan decreases the dopamine metabolite, HVA, in 

treatment for BPSD.

Many previous studies have demonstrated that risperi-

done reduces neuropsychiatric symptoms in elderly patients 

with dementia.24,36–39 Risperidone, an atypical antipsychotic, 

has proven to be effective in the treatment of patients with 

positive symptoms of schizophrenia as demonstrated by 

many reports.40 It is widely known that the neuropharmaco-

logical properties of risperidone are primarily exerted through 

antagonism of dopamine D2 receptors17 and that favorable 

responses for schizophrenia in the acute phase are associ-

ated with elevated pretreatment HVA levels and changes 

in HVA.41,42 Patients in the risperidone group exhibited no 

significant change in HVA from baseline. As the underlying 

reason for this finding, although the average dose of risperi-

done for schizophrenia was 3.8 mg/day in a previous study,42 

the average dose of risperidone in this study was 1.2 mg/day. 

In other studies, the average dosages of risperidone for BPSD 

were 0.9 mg/day,36 1.0 mg/day,37 and 0.8 mg/day.24 In our 

study, low-dose risperidone was fully effective in treating 

BPSD in elderly patients. Therefore, it is suggested that low-

dose risperidone fails to induce changes in HVA. A meta-

analysis of randomized placebo-controlled trials suggested a 

significantly higher risk of death with atypical antipsychotic 

drug treatment for dementia than with placebo treatment.43 

Furthermore, in 2005, the Food and Drug Administration of 

the United States requested a health advisory warning on the 

prescription information for all atypical antipsychotics stating 

Figure 2 courses of biological markers in the yokukansan group.
Note: changes were examined for treatment effects using the Wilcoxon signed-
rank test to compare baseline values (*P,0.05).
Abbreviations: hVa, homovanillic acid (metabolite of dopamine); MhPg, 
3-methoxy-4-hydroxyphenylglycol (metabolite of noradrenaline).
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that there is an increased risk of mortality in elderly patients 

with dementia-related psychosis taking these drugs compared 

with placebo.44 Attempts may be made to avoid antipsychotic 

drugs in treating BPSD as much as possible.

A double-blind, placebo-controlled study of citalo-

pram, an SSRI, demonstrated its efficacy for behavioral 

disturbances in the treatment of BPSD.11 We prescribed 

fluvoxamine, an SSRI, to treat BPSD in three patients with 

dementia and reported its efficacy.18 Furthermore, a ran-

domized controlled study of fluvoxamine demonstrated its 

efficacy for BPSD.9 In the present study, both HVA and 

MHPG tended to show decreases between baseline and 

study endpoint, but the differences were not statistically 

significant (Wilcoxon signed-rank, P.0.05). Because it is 

known that lesions in serotonin neurons result in increased 

dopamine neuronal activity in the ventral tegmental area, 

it has been proposed that enhanced serotonin levels inhibit 

dopamine neurons.45 Citalopram, the same kind of SSRI 

as fluvoxamine, induces the inhibition of noradrenaline 

neuronal activity by a mechanism involving serotonin-2A 

receptors.46 Through this mechanism, serotonin is increased 

in the synaptic cleft by fluvoxamine, followed by the inhi-

bition of neuronal firing of dopamine and noradrenaline, 

resulting in the release of dopamine and a decrease in nor-

adrenaline. Thus, the efficacy of fluvoxamine for BPSD may 

be suggested to involve increased serotonin in the synaptic 

cleft that induces inhibition of dopamine and noradrenaline. 

The duration of the trial was set at 8 weeks according to the 

original protocol. The number of participants who dropped 

out of the study was an unpredictable factor. Although no 

significant HVA differences were found between the com-

pleted group and the dropout group, the number of dropouts 

might influence the statistical power of the study. Although 

sex is not significant among the groups, the yokukansan 

group appeared to have a higher proportion of females than 

was in the other groups. However, the characteristics such 

as age, HVA, or MHPG showed no significant differences 

regarding sex at baseline. Not only dopamine but also 

serotonin has a role in the treatment of BPSD. A relation-

ship between the 5-hydroxytryptamine (5-HT) transporter 

and BPSD was demonstrated in Alzheimer’s disease.47,48 It 

was reported that 5-HT2A inverse agonists, pimavanserin, 

suppressed psychosis-like behaviors in a rodent model of 

Alzheimer’s disease.49 Pharmacological profiles of ris-

peridone may show a relatively higher affinity for 5-HT2 

receptors than D2 receptors. Thus, risperidone may improve 

BPSD by blocking 5-HT2 receptors.50 Pharmacological 

profiles of yokukansan have shown that yokukansan acted 

as a partial agonist at the 5-HT1A receptors30,31 and showed 

a suppressive effect through the downregulation of the 

5-HT2A receptors.14 Furthermore, it was also reported that 

yokukansan activated the astrocytic glutamate transporter and 

showed a neuroprotective effect against glutamate-mediated 

excitotoxicity.51 More large-scale design, including placebo 

group, or a wide range of several neurotransmitter studies 

are needed to understand the mechanism of yokukansan for 

the treatment of BPSD.

Conclusion
In this study, we first found that yokukansan decreases 

the dopamine metabolite, HVA, in treatment for BPSD. 

Furthermore, catecholamines, especially dopamine, are 

indicated to show the possible pathophysiology of BPSD. In 

future, the pathophysiology of BPSD will hopefully become 

clear from a biological viewpoint, and hence treatments for 

BPSD can be established based on biological markers.
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