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Clostridium butyricum MIYAIRI 588 as Adjunctive Therapy for
Treatment-Resistant Major Depressive Disorder:
A Prospective Open-Label Trial
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Aim: Up to 60% of depressed patients do not obtain sufficient relief from
a course of antidepressant therapy, and these treatment-resistant major de-
pressive disorder (TRD) patients are at increased risk for relapse, chronic-
ity, persistent psychosocial impairments, and suicide. Probiotics actively
participate in treatment of neuropsychiatric disorders. However, the role
of gut microbiota in brain disorders and depression remains unclear. We
performed a prospective study to evaluate the effects of Clostridium
butyricum MIYAIRI 588 (CBM588).

Methods: This was an 8-week open-label study to evaluate the efficacy
and safety of CBM588 in combination with antidepressants in adult pa-
tients diagnosed with TRD according to Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision. Forty antidepressant-
treated inpatients were included. Patients were randomized to adjuvant
treatment with CBM588 (n = 20) or control (n = 20). The primary endpoint
was the change in the 17-item Hamilton Depression Rating Scale score
from baseline to week 8. Secondary end points were changes in the Beck
Depression Inventory and the Beck Anxiety Inventory scale scores from
baseline to week 8. The Systematic Assessment of Treatment Emergent
Bvents—General Inquiry was used to assess adverse effects.

Results: CBM588 (60 mg/d) in combination with antidepressants
(flvoxamine, paroxetine, escitalopram, duroxetine, and sertraline) provided
significant improvement in depression. All patients completed the trial, and
70% responded to treatment; the remission rate was 35.0%. No serious
adverse events occurred.

Conclusions: These preliminary data suggest that CBM588 in combina-
tion with antidepressants is effective and well tolerated in the treatment of
TRD. Further studies using a larger, double-blind, parallel-group design are
warranted to confirm these findings.
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D espite the progressive development of dozens of antidepres-
sant agents, more than half of all patients treated with antide-
pressant monotherapy fail to experience a remission of their major
depressive episode.' Thus, developing safe, well-tolerated, and ef-
fective treatments that would help bring about remission in
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patients with treatment-resistant major depressive disorder
(TRD) is of paramount importance. In light of studies suggesting
the potential efficacy, safety, and tolerability of probiotics as
an adjunct to standard antidepressants,” they may represent a
unique opportunity for novel treatment development in major
depressive disorder.?

There is increasing, but largely indirect, evidence pointing
to an effect of commensal gut microbiota on the central nervous
system (CNS), suggesting an interaction between the intestinal
microbiota, the gut, and CNS in what is recognized as the
microbiome-gut-brain axis.*> Furthermore, recent evidence in-
dicates that the absence and/or modification of the gut micro-
flora resulted in specified comorbidity between functional
gastrointestinal disorders and CNS disease, such as traumatic
brain injury,®” psychological stress,® and Parkinson disease.”™"'
Regulating the flora balance in the gut is achieved by the intake
of probiotics, which is believed to be effective in lifestyle-
related disease.'>!® In recent years, it has been reported that
probiotics confer a benefit on the development and function of
the brain in the host.®'* There is abundant evidence demonstrat-
ing that Lactobacillus and Bifidobacterium attenuated anxiety,
prevented the chronic psychological stress, reduced apoptosis
in several brain regions, and improved learning and memory
in mice.'>"!® Thus, it proposed that gut microbiota could be as-
sociated with brain function as well as neurological diseases via
the gut-brain axis.

Clostridium butyricum, a Gram-positive, spore-forming, and
obligate anaerobic rod bacterium, is found in the feces of 10% to
20% of healthy humans.'” C. butyricum MIYAIRI 588 (CBM588)
is a specific phenotype of the strain C. butyricum. CBMS588
spores orally administered to rats can germinate and grow in the
intestinal tract.'® CBM588 produces short-chain fatty acids such
as butyrate, acetate, and propionate. There are many reports sug-
gesting that short-chain fatty acids have potential beneficial ef-
fects; in particular, butyrate has a proliferative effect on intestinal
mucosal cells'® and anti-inflammatory effects®™?' in animals.
The organism has been approved since 1968 in Japan as a probi-
otic for the treatment and prevention of antimicrobial-associated
diarrhea and other causes of diarrhea in humans and animals.**%*
Furthermore, butyrate is not restricted to the intestinal tract but
can be disseminated systemically and detected in the rat brain **
Butyrate in the rat brain can exert neuroprotective effects on neu-
rodegenerative disorders and improve behavioral deficits via the
inhibition of histone deacetylasses.>”

The aim of this prospective, open-label, fixed-dose, ex-
ploratory study was to evaluate changes in depressive symptoms,
in patients with TRD who were treated adjunctive CBM588.
In addition, the safety and tolerability of CBM588 were assessed.
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METHODS

Study Design

This study was an 8-week prospective open-label evaluation
of CBM588 (60 mg/d) in patients with TRD. This study was ap-
proved by the Helsinki Committee (institutional review board)
of the Department of Psychiatry of the Shimane University School
of Medicine. Before participation, all subjects gave written in-
formed consent according to institutional guidelines and the rec-
ommendations of the Declaration of Helsinki.

Patient Selection

Forty patients experiencing symptoms of TRD according to
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision,”® were enrolled in this study. Diag-
nosis of TRD was based on chart reviews and defined as an inad-
equate or nonresponse to 2 or more 8-week trials with 2 different
classes of antidepressants. Subjects were randomized to receive ei-
ther CBM588 or control (1:1). For at least 3 of these 8 weeks,
doses were required to be at or near the highest recommended
therapeutic dose. Patients with a 17-item Hamilton Depression
Rating Scale (HAMD-17)?7 total score of 16 or greater at the
end of the screening phase were eligible to participate in this study.

Patients were excluded if they met the criteria for an Axis I
diagnosis of delirium, dementia, or other cognitive disorder, bipo-
lar disorder, schizophrenia or other psychotic disorder, or a clin-
ically significant Axis II diagnosis of obsessive-compulsive,
schizoid, schizotypal, paranoid, antisocial, or histrionic personal-
ity disorder. Patients were also excluded if they acknowledged
substance abuse or dependence within the past 6 months, or if
they were pregnant, were nursing, or posed a significant risk of
suicide during the study period. Patients with chronic deteriorat-
ing illnesses such as diabetes, human immunodeficiency virus,
gastrointestinal disease, and seizure disorders were also excluded.
The subjects have been taking other medications, and the dosage
was stable. All patients provided informed consent before partic-
ipation in the study.

Study Treatments

All patients had been taking a stable dose of antidepressant
medication for at least 1 month before baseline screening and
entry into the open-label CBMS588 treatment phase of the study.
Patients continued to take the same dose of antidepressant medica-
tion for the duration of their involvement in the protocol. All pa-
tients were taking selective-serotonin reuptake inhibitor or
serotonin-noradrenalin reuptake inhibitor medications, including
fluvoxamine, paroxetine, escitalopram, sertraline, duloxetine,
and milnacipram.

After baseline assessment with the aforementioned instru-
ments, CBM588 treatment was initiated according to the follow-
ing titration schedule: 20 mg orally twice daily for the first week
and 20 mg orally three times daily from weeks 2 to 8. We chose
60 mg/d of CBM588 referring to a previous study.?? Patients were
forbidden to take any new psychotropic medications during
the study. These included benzodiazepines, barbiturates, nar-
cotics, or herbal supplements with putative psychotropic or
analgesic effects.

Efficacy Endpoints

Baseline severity of MDD was assessed by using validated
translations of the HAMD-17, the Beck Depression Inventory
(BDI),?® and the Beck Anxiety Inventory (BAI).?® The primary
end point for clinical effectiveness was determined by the mean
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change in HAMD-17 at the end of the 8-week trial; treatment re-
sponse was defined as a reduction of 50% or greater in HAMD-17
total score; and remission was defined as a HAMD-17 total score
of 7 or less at the end of treatment. Secondary end points for clin-
ical effectiveness included mean change in BDI and BAI scores at
the end of the trial.

Safety Endpoints

The incidence of adverse events was recorded, and a physical
examination including vital signs, electroencephalogram, electro-
cardiogram and clinical laboratory tests was carried out at the be-
ginning or end of this study. Adverse effects were assessed at the
end of the 8-week trial by using the Systematic Assessment of
Treatment Emergent Events (SAFTEE)—General Inquiry.3® The
SAFTEE is a technique for the systematic assessment of adverse
effects in clinical trials developed by National Institute of Mental
Health. It is a questionnaire that rates the current severity of a wide
range of somatic, behavioral, and affective symptoms in general
and specific inquiry formats. It is designed to report adverse
health events, regardless of whether or not they are suspected to
be drug related, to reduce the underreporting of unanticipated
events compared with known or expected events.*

Statistical Analysis

Mean changes in HAMD-17, BDI, and BAI scores and vital
signs were assessed using the Mann-Whitney test. All statistical
assessments were 2-tailed and evaluated at the 0.05 level of signif-
icance. All data analysis was performed using Statistical Package
for the Social Science Windows, Version 15.0 (SPSS Inc.,
Chicago, TH). Descriptive statistics considered the mean + SD.
Mann-Whitney test was conducted on the groups to determine sta-
tistical significance. We completed analysis for multiple compar-
isons using Bonferroni adjustment with correction for correlation
between observations. Significance for adjusted differences was
set at P < 0.05.

RESULTS

Patients

Forty-five patients with TRD were screened. Five patients
were excluded because of the presence of psychotic symptoms
(n = 2), alcohol abuse (n = 1), and bipolar disorder (n = 1), and
1 refused to provide written informed consent. A total of
40 patients (16 men and 24 women) were therefore included in
this study. Subjects were randomized to receive either CBM588
(n = 20) or control (n = 20) (1:1). The demographics of these pa-
tients, baseline characteristics, medications, and dosage are shown
in Table 1. Baseline characteristics are shown in Table 1. The
baseline characteristics showed no material differences. All pa-
tients were receiving 60 mg/d of CBM588 at the time of the final
visit (week 8).

Improvement in Depressive Symptoms

Figure 1 describes the mean change in end points of primary
and secondary effectiveness at the end of the 8-week trial with
adjunctive CBM588. Over this period, patients who received
CBM588 had reduced median HAMD-17, BDI, and BAI
(Fig. 1) scores (P < 0.001). A positive response was defined as a
reduction of 50% or greater in the HAMD-17 total score; 70.0%
patients were considered to be responders. Remission was defined
as a HAMD-17 score of 7 or less at the end of treatment. The re-
mission rate was 35.0%.
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TABLE 1. Baseline Demographics and Disease Characteristics: Intent-to-Treat

Demographic/Disease Characteristic CBMS588 (n = 20) Control (n = 20) P
Sex, n (%)
Male 8 (48) 8 (48) ns
Female 12 (52) 12 (52) ns
Age, mean (SD), y 44.2 (15.6) 419 (14.2) ns
Medications
Antidepressants, n (%) 20 (100) 20 (100)
Flvoxamine, n (%) 15 1(5) ns
Paroxetine, n (%) 525 5(25) ns
Sertraline, n (%) 3(15) 4 (20) ns
Duloxetine, n (%) 5@25) 4 (20) ns
Escitalopram, n (%) 5(25) 4 (20) ns
Milnacipram, n (%) 1 (5 2 (10) ns
Disease duration, mean (SD), y 5.1(14.2) 39127 ns
Baseline HAMD-17, mean (SD) 1.9(2.8) 31.8 (4.0) ns
Baseline BDI, mean (SD) 43.8 (4.3) 414 (4.8) ns
Baseline BAI, mean (SD) 328 (5.8) 333 4.7) ns

ns indicates not significant.

Safety and Tolerability

Table 2 shows the adverse effects that were determined by the
SAFTEE—@General Inquiry. No serious adverse events were noted
in any patient during this study. Laboratory parameters were
within the normal range at baseline and remained in the reference
range for the whole sample throughout the 8-week trial. There
were no reports of serious adverse effects attributable to the study
drug. The adverse effects were mild and transient (headache) in
2 cases. CBM588 was well tolerated overall, with no severe or
serious adverse effects recorded during the study. None of the
adverse effects was treatment limiting. No subject exited the study
due to drug-related adverse events.

DISCUSSION

The results of this prospective, open-label, 8-week, fixed-
dosed trial of adjunctive CBM588 corroborate the current litera-
ture as to the effectiveness and safety of the use of CBM588 in
TRD. All patients completed the trial, and 70.0% of patients re-
sponded to treatment. The remission rate was 35.0%. We observed
®WCBMS88 M Control
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FIGURE 1. Mean changesin HAMD-17, BDI, and BAl scores at each
assessment from baseline to week 8.
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more than a 50% reduction in HAMD-17 scores, BDI scores, and
BAI scores at the end of the 8-week trial, regardless of the type of
antidepressant drug used. Our findings indicate that adjunctive
CBMS588 elicited a greater magnitude of treatment effectiveness
despite comparatively more severe TRD in patients who had failed
to achieve an adequate response to previous antidepressant ther-
apy. To our knowledge, this is the first study to report the use of
CBM588 in combination with antidepressants in patients with
TRD. Significant improvements were seen across the spectrum
of symptoms in TRD, as measured by HAM-D-17, BDI, and
BAI rating scales.

CBM588 in combination with antidepressants was well toler-
ated in patients with TRD and was not associated with any unex-
pected adverse events. The incidence of adverse effects was low,
and they were generally mild. Two patients experienced a single

TABLE 2. Definite, Probable, and Possible Adverse Reactions of
Study Intervention by Week 4

CBM588 (n=20)  Control (n = 20)

Psychological 0 0
Neurological 2 0
Gastrointestinal 0 1
Genitourinary 0 0
Musculoskeletal 0 0
Dermatological 1 0
Respiratory 0 0
Cardiovascular 0 0
Infection 0 0
Ear, nose, and throat 0 0
Hematological 0 0
Endocrine 0 2
Other 0 0
Overall 3 3

Data are number of participants (number of events). Participants could
report more than 1 category of event.
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episode of headache that did not lead to study withdrawal. There
were no serious adverse events.

Given the debilitating nature of TRD, it is imperative to seek
new treatments that improve the current mainstays of psychiatric
practice. Combination pharmacotherapy (antidepressant + anti-
psychotic) is often the first-line treatment for this patient popula-
tion, and electroconvulsive therapy is usually reserved for more
severe cases. Although these treatment options have some utility
in this patient population, they also present very real drawbacks.
The newer generation antipsychotics often prescribed for this con-
dition are known to increase a patient's risk of obesity, diabetes,
and metabolic syndrome,” and patients with mental illness al-
ready have an approximately 2-fold higher all-cause mortality rate
relative to the general population. Electroconvulsive therapy is as-
sociated with adverse cognitive effects, financial burden, and is,
unfortunately, associated with substantial social stigma.

In human, existing evidence suggests that depression is asso-
ciated with increased permeability of the gut wall,*>** increased
immune and inflammatory activation,** and gut disorders such
as irritable bowel syndrome.>® These underlying biological factors
support a proposal made by Logan and Katzman®® that probiotics
could be used as a treatment for low mood. Despite accumulating
evidence of the effect of microbiota on behavior in animal models,
data from humans are rather limited. Two studies in healthy volun-
teers showed no major effects of probiotics on anxiety and depres-
sion scores.'>'%*7 A very recent pilot study in patients with major
depression showed that depression improved in both the placebo
and probiotic groups, although the improvement appeared to be
greater in the latter.®

Recent evidence also suggests that impaired neuroprotection
is highly involved in the pathogenesis of major depression.*® For
example, decreased neuronal survival and disordered neurogenesis
in the hippocampus have been repeatedly found in patients with ma-
jor depression and are now considered to be potential pathophysio-
logical factors and therapeutic targets for major depression.**’

Liu etal*! reported the use of C. butyricum as a safe and eco-
nomical therapeutic option against mental disorders, especially its
ability to effect the gut microbiota-butyrate-brain axis, to prevent
and treat mental disorders in mice. The possibility that dietary
C. butyricum can regulate gut microbiota and lead to changes in
the fecal butyrate concentration that raised the butyrate in concen-
tration the brain will further encourage exploration aimed at
understanding the mechanisms underlying mental disorders re-
covery. These results open new avenues for viable therapeutic
options against mental disorders by gut microbiota modulation.
Therefore, the administration of C. butyricum may become an
adjuvant therapy for patients with mental disorders.” In this
regard, CBM588 has powerful anti-inflammatory and neuropro-
tective effects and is a potential new agent for treatment of major
depression. Hence, we propose that CBM588 may exert poten-
tial antidepressant effects through its robust neuroprotective ac-
tivities, which include neurogenesis, antioxidation, antiglutamate
excitotoxicity, and direct regulation of proinflammatory agents.*?
Based on these findings from animal and human studies with
CBM588, several lines of evidence support the hypothesis
that CBM588 may ameliorate major depression through anti-
inflammatory activity and neuroprotection (neurogenesis, antiox-
idation, and antiglutamate excitotoxicity).**

It will be interest to know the clinical outcome after CBM588
discontinuation and the possible difference of outcomes when
used as augmentation to antidepressants with different mecha-
nisms of action. The study of this subject is going on now in
our laboratories.

This study had several limitations. First, the open-label design,
small patient population, and absence of a placebo-control group
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make it difficult to draw conclusions with substantial clinical con-
fidence. Second, although other antidepressants may provide
more effective antidepressant treatment than the antidepressants
used, they were not available in Japan at the time this study
was catried out. Third, because patients with depression often re-
quire long-term treatment to achieve remission, studies longer
than 8 weeks in duration are warranted. Fourth, as fixed doses
of CBM588 and antidepressants were prescribed, the specific con-
tribution of each drug to the improvement in symptoms cannot be
evaluated. However, the preliminary findings indicate that CBM588
in combination with an antidepressant shows promising efficacy
and is well tolerated in the treatment of patients with TRD.

CONCLUSIONS

Our results suggested that probiotic therapy using CBM588
might be useful complementary with minimal adverse effects for
the treatment in patients with TRD. Future larger scale investigations
can be conducted according to the results of the current study.
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