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Objective: Garcinia mangostana Linn., commonly known as mangosteen, is a tropical fruit with a thick pericarp rind
containing bioactive compounds that may be beneficial as an adjunctive treatment for schizophrenia. The biological
underpinnings of schizophrenia are believed to involve altered neurotransmission, inflammation, redox systems, mi-
tochondrial dysfunction, and neurogenesis. Mangosteen pericarp contains xanthones which may target these biological
pathways and improve symptoms; this is supported by preclinical evidence. Here we outline the protocol for a dou-
ble-blind randomized placebo-controlled trial evaluating the efficacy of adjunctive mangosteen pericarp (1,000 mg/day),
compared to placebo, in the treatment of schizophrenia.

Methods: We aim to recruit 150 participants across two sites (Geelong and Brisbane). Participants diagnosed with schiz-
ophrenia or schizoaffective disorder will be randomized to receive 24 weeks of either adjunctive 1,000 mg/day of
mangosteen pericarp or matched placebo, in addition to their usual treatment. The primary outcome measure is mean
change in the Positive and Negative Symptom Scale (total score) over the 24 weeks. Secondary outcomes include pos-
itive and negative symptoms, general psychopathology, clinical global severity and improvement, depressive symptoms,
life satisfaction, functioning, participants reported overall improvement, substance use, cognition, safety and biological
data. A 4-week post treatment interview at week 28 will explore post-discontinuations effects.

Results: Ethical and governance approvals were gained and the trial commenced.

Conclusion: A positive finding in this study has the potential to provide a new adjunctive treatment option for people
with schizophrenia and schizoaffective disorder. It may also lead to a greater understanding of the pathophysiology
of the disorder.

KEY WORDS: Mangosteen; Garcinia mangostana Linn.; Schizophrenia; Psychotic disorder; Treatment clinical trial;
Okxidative stress.

INTRODUCTION

Received: September 7, 2018 / Revised: October 31, 2018

Accepted: November 1, 2018 Background and Rationale

Address for correspondence: Alyna Turner, PhD Current treatments for serious mental health conditions
ngACTmtsrgﬁ;egiC Research Centre, P.O. Box 281, Geelong 3220, such as schizophrenia often leave patients with persistent
Tel: +61-3-4215-3313, Fax: +61-3-4215-3491 symptoms, marked morbidity and substantially increased
E-mail: a.turner@deakin.edu.au mortality risk.” Many antipsychotics used in the treatment

ORCID: https://orcid.org/0000-0001-7389-2546

@ This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

297



298 A. Turner, et al.

of schizophrenia have limited therapeutic efficacy and
are often associated with side-effects impacting patient
health and quality of life.’ The limitations of existing
pharmacological treatments underline the urgent need for
novel therapies for the treatment of schizophrenia. Speci-
fically, new adjunctive treatments are needed to target al-
ternate pathways concordant with the current under-
standing of the pathophysiology of schizophrenia. Several
factors understood to contribute to the pathophysiology of
schizophrenia may not be sufficiently targeted by conven-
tional pharmacological therapies. These factors include

* increased inflammatory profiles,m and

)

. . 3
oxidative stress,
. . . .7
changes to mitochondrial function and neurogenesis.

Adjunctive Pharmacological Targets

Oxidative stress

Considerable research indicates that oxidative stress is
a contributor to the pathophysiology of schizophrenia.
Lower levels of glutathione for example, which plays an
important mitigating role in the redox process, have been
observed in patients with schizophrenia.®” Several treat-
ments that act to modulate redox systems have been in-
vestigated as adjunctive options; including vitamin C
(ascorbic acid), vitamin E (a-tocopherol), and a-lipoic
acid supplements among others (see reference® for re-
view). These antioxidants indirectly target the primary re-
dox system, promoting glutathione metabolism. Agents
that directly target glutathione metabolism, such as
N-acetyl cysteine (NAC), have been shown to yield ther-
apeutic benefit.” Improvements in negative symptoms
were previously reported in two controlled trials of NAC

10,11) (

. . 12 .
for schizophrenia see reference'” for review); and

13
others are underway.'”

Inflammatory pathways

Inflammatory profile and immune dysfunction also ap-
pear to be significant factors in the pathophysiology of
schizophrenia. According to a recent meta-analysis that
included 18 schizophrenia studies,” elevated levels of
the proinflammatory cytokines interleukin 6 (IL-6) and tu-
mor necrosis factor alpha (TNF-a), as well as the cytokine
receptor antagonist IL-1Ra, and soluble cytokine receptor
(sIL-2R) were associated with acute illness; while IL-6,
IL-1B8 and sIL-2R levels were elevated in those patients
deemed chronically ill. Interestingly, reductions in the

levels of IL-6, sIL-2R were associated with acute treat-
ment."” Despite current evidence, therapies that target in-
flammatory activity are underutilized, and limited im-
munomodulatory interventions for treatment of schizo-
phrenia exist.' Notably, agents with immunomodulatory
effects such as the tetracyclic antibiotic minocycline, and
the cyclooxygenase 2 inhibitor celecoxib, have yielded
promising results in the treatment of schizophrenia; how-
ever, currently available data are seemingly variable, and

dependent on the stage of illness.'>'®

Mitochondrial function

Multiple lines of evidence also implicate mitochondrial
dysfunction in the pathophysiology of schizophrenia. For
example, an elevated risk of schizophrenia has been asso-
ciated with a number of mitochondrial DNA single nu-

)

cleotide polymorphisms.'” Mitochondrial abundance,

morphology, and functioning are also associated with ill-
ness onset and neuroprogression in schizophrenia'®'”
both in the brain® and the periphery.”'* While such def-
icits are not necessarily induced via treatment, it is im-
portant to note that a number of antipsychotics do have
documented effects on mitochondrial function and
metabolism.' Thus, mitigating wanton effects on mi-
tochondrial function with appropriate agents is also
desirable. Although several prospective mitochondrial
agents have been evaluated in the context of other psychi-
atric disorders,” and the putative benefits of improving
mitochondrial function using adjunctive agents—for ex-
ample NAC and minocycline—has been discussed pre-

9)

viously," this therapeutic target is another currently

underutilized.

Neurogenesis and apoptotic pathways

Other pathways that may be useful therapeutic targets
for schizophrenia include neurotrophic and apoptotic
pathways. Pathophysiological deficits in neuroprotection
and neurogenesis may underlie the negative and cogni-
tive symptoms observed in schizophrenia.” For example,
significant reductions in cell proliferation (Ki67" cells)
were recorded in the post-mortem hippocampal tissue of
29 Additionally, the dop-
aminergic deficits classically observed in schizophrenia

patients with schizophrenia.

have also been attributed to impaired neurogenesis in the
striatum.” Some treatments, such as atypical antipsy-
chotics, have been shown to promote hippocampal cell
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proliferation, though typical antipsychotics such as hal-
operidol (which has chiefly dopaminergic action) have
neutral or even deleterious effects on neurogenesis.”**”

Unsurprisingly, given the involvement of inflammatory
cytokines, reactive oxidative species and mitochondrial
dysfunction in the pathophysiology and neuroprogression
of schizophrenia, irregularities in apoptotic and metabol-
ic pathways are also observed.” Evidence indicates in-
creases in apoptotic cell death pathways in the brains of
patients with schizophrenia, for example in the anterior
cingulate cortex and hippocampus.’” In the periphery,
elevated serum levels of the B cell lymphoma protein-2
(Bcl-2), a regulator of cellular apoptosis, were previously
associated with acute illness in patients with
schizophrenia.’” Also of note, levels of glycogen synthase
kinase-3p, which plays an important role in the PI3K/Akt/
mammalian target of rapamycin (mTOR) intracellular sig-
nalling pathway and a plethora of cellular processes in-
cluding proliferation and apoptosis, were reduced in the
platelets of schizophrenia patients.”” Interestingly, this
deficit improved following treatment with olanzapine,
though it is unclear whether this was related to the anti-
psychotic effects of the drug.””

In summary, oxidative stress, inflammation, altered
neurogenesis and apoptosis are highly interdependent
pathways, implicated in both the pathophysiology of
schizophrenia and response to treatment. As such, it is
reasonable to adduce that neuroprotective agents that act
on these underutilized pathophysiological targets may of-
fer considerable therapeutic value, particularly when of-
fered as synergistic adjuncts. Accordingly, investigations
of adjunctive agents with diverse therapeutic profiles are
warranted.

Garcinia mangostana Linn,

Garcinia mangostana Linn., known colloquially as
mangosteen, is a tropical evergreen fruit tree originating
from Indonesia. The mangosteen fruit pericarp and exo-
carp both contain a number of bioactive compounds, in-
cluding, but not limited to, polyphenols, such as xan-
thones and tannins, as well as anthocyanins, procyanins,
prodelophinidins, and associated stereoisomers such as
epicatechins. Over 85 metabolites have been isolated
from the pericarp of mangosteen, which includes in ex-
cess of 60 xanthones. These include a-mangostin, y-man-
gostin, garcinone E, gartanin, 8-deoxygartanin, and

9-hydroxycalabaxanthone.*”

Alpha-mangostin increases glutathione peroxidase ac-
tivity, a key enzyme in the glutathione antioxidant
pathway. In addition, a-mangostin influences apoptosis;
it up-regulates mitogen activated protein kinase, ex-
tracellular signal-regulated kinases , and p53 cell signal-
ling pathways, which have all been found to be altered in

35-37 .
" In animal models, xanthones from

schizophrenia.
mangostin, including a-mangostin have been found to be
protective against iodoacetate-induced cell death®® and
doxorubicin induced central nervous system inflam-
matory toxicity.’” Mangiferin, a glucoxixanthone, has
been found to ameliorate 6-hydroxydopamine induced
cytotoxicity and oxidative stress in the ketamine model of
schizophrenia. Isogarcinol has anti-inflammatory activity
through inhibition of calcineurin, a protein phosphatase
that activates the T cells of the immune system, decreasing
delayed type hypersensitivity. Gartanin inhibits mTOR
pathway, an important protein kinase that regulates cell
growth, cell proliferation, cell motility, survival, protein

40,41) two

synthesis, and transcription via Bcl-2 and p53,
proteins that regulate cell death pathways.”” Mangosteen
pericarp added to the diet was shown to increase serum
levels of brain-derived neurotrophic factorin a rodent
model.*”

Recent preclinical research by Oberholzer er a/*” in-
vestigated the effects of treatment with raw mangosteen
rind on depression-like behaviors in Flinders Sensitive
Line rats, using the novel object recognition and forced
swim tests. Notably, mangosteen treatment reversed the
cognitive deficits and depression-like behaviors pheno-
typic of this strain. In addition, mangosteen treatment also
improved cortico-hippocampal deficits in 5-hydrox-
yindole acetic acid and serotonin turnover, as well as re-
versing lipid peroxidation in the hippocampus.*” These
preclinical findings both suggest potential mechanisms of
action and applications potentially beneficial for other
psychiatric disorders, including schizophrenia.

Taken together, the biological activities of mangosteen
pericarp align with some of the alterations observed in
schizophrenia. Given this, mangosteen pericarp may be
an effective adjunctive therapy for the symptoms of
schizophrenia.

Objectives and Hypotheses
The aim of this randomized, double-blind, place-
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bo-controlled trial is to determine if 24 weeks of ad-
junctive treatment with 1,000 mg/day of mangosteen per-
icarp will improve clinical outcomes in people with
schizophrenia (or schizoaffective disorder) compared to
placebo.

Primary hypothesis

Adjunctive mangosteen pericarp treatment will be su-
perior to placebo in the treatment of overall psychopa-
thology in schizophrenia, as assessed by mean change in
the total score of the Positive and Negative Syndrome
Scale (PANSS™) total scores from baseline to week 24
(completion of the treatment phase and primary end-
point).

Secondary hypotheses

* Twenty-four weeks of adjunctive mangosteen peri-
carp treatment will be superior to placebo in re-
ducing severity of general, positive and negative
symptoms of schizophrenia (PANSS general, positive
and negative subscale scores).

* Twenty-four weeks of adjunctive mangosteen peri-
carp treatment will be superior to placebo in re-
ducing depression, substance use, and will improve
functioning and quality of life.

® There will be no difference in adverse and serious ad-
verse events (SAEs) between the two groups over the
24 weeks.

® Those taking adjunctive mangosteen pericarp treat-
ments will have reduced levels of inflammatory and
oxidative stress (lipid peroxidation) levels in periph-
eral (blood) samples compared to placebo over the
24 weeks.

® Changes in clinical and functioning measures over
24 weeks will correlate with measurable changes in
inflammatory and oxidative markers in the ad-
junctive mangosteen pericarp group.

An exploratory aim is to delineate whether the im-
provements in response to mangosteen that are observed
at 24-weeks, are sustained to the 28-weeks (4-weeks
post-discontinuation).

METHODS

Design and Setting
This placebo-controlled randomized clinical trial is be-

ing conducted in two sites in Australia; Geelong, Victoria,
and Brisbane, Queensland. Ethics approval has been re-
ceived from relevant committees, any protocol and forms
amendments will be approved by the committees and all
participants will provide informed consent prior to
enrolment. The trial is being conducted in accordance
with Good Clinical Practice (GCP) guidelines, Australian
Clinical Trial guidelines,* and the National Statement on
Ethical Conduct in Human Research.*” The study proto-
col was developed in accordance with Standard Protocol
ltems Recommendations for Intervention Trials (SPIRIT)
2013 guidelines”” and prospectively registered with the
Australian and New Zealand Clinical Trials Registry.
Findings will be reported using Consolidated Standards of
Reporting Trials (CONSORT) guidelines.*”

Eligibility Criteria

Inclusion criteria include: Being aged 18 years or over;
meeting Diagnostic and Statistical Manual of Mental
Disorders, 5th edition (DSM-5*") diagnostic criteria for
schizophrenia or schizoaffective disorder; score =54 on
the PANSS and/or =3 on the Clinical Global Impressions
severity of illness scale (CGI-5*”); have been on a stable
psychotropic therapy regime for four weeks prior to study
entry; be using effective contraception if female, sexually
active and of childbearing age; be able to speak, read,
write and understand the English language; have a current
treating physician, and have capacity to consent to the
study and comply with study procedures. If there is a de-
lay of >7 days between screening and baseline assess-
ments, or baseline assessment and medication com-
mencement, the inclusion scales (PANSS and CGI-S) will
be re-administered to ensure the participant still meets eli-
gibility criteria.

Exclusion criteria include: Known or suspected clin-
ically unstable systemic medical disorder; pregnancy or
breastfeeding; contraindications or intolerance to man-
gosteen pericarp or any of the trial preparations; and/or
current enrolment in another clinical trial.

Withdrawal criteria include: If a participant ceases tak-
ing their trial medication for seven consecutive days or if a
participant ceases effective contraception or becomes
pregnant. Participants will be withdrawn from the study if
they withdraw consent or at the discretion of the re-
searcher given adverse events or loss to follow-up. SAEs
will not require automatic withdrawal from the study.
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Interventions

Mangosteen pericarp: One-thousand milligrams per
day of mangosteen pericarp (given as two 500 mg capsu-
les, once a day) will be used in the study. The dose and
treatment duration was selected based on a pilot study in
people with schizophrenia.”” The investigational product
(provided by VitalXan, Adelaide, Australia) is produced
from mangosteen whole fruit. The fruit is cut and the fruit
pulp is separated from the rind. The inner rind only, is ex-
tracted by water at 80°C for 2 to 3 hours. This is then
evaporated and Brix determination (24 brix) is completed.
The extract is sterilized (90°C for 30 minutes) and under-
goes a spray drying process. The final product was ana-
lyzed for contaminants such as £scherichia colj
Salmonella and Clostridium.

Placebo: Placebo tablets are produced with identical
capsules. Active and placebo capsules are identical in ap-
pearance, color and taste. Pharmaceutical Packaging
Professionals utilized the randomization list to pack the
capsules in identical bottles which were labelled with the
anonymous Participant-ID.

The medication is dispensed on a four-weekly basis
(baseline, weeks 4, 8, 12, 16 and 20), with the first bottle
dispensed after the baseline visit has been completed and
the participant has been randomized. Medication label-
ling complies with local regulatory GCP requirements
and all investigational products kept in a secure location
under appropriate storage conditions.

Participants are instructed to take two capsules once a
day with food. They can select the time of day they choose
to take the two capsules as long as it is consistent.
Participants are instructed to return unused medication
and adherence is assessed by pill counts of returned medi-
cation packs. Participants are regularly telephoned during
the trial to enhance retention and medication adherence.

Concomitant care: Due to the adjunctive nature of the
study, participants can stay on their current medications
during the trial (medication regimes must have been sta-
ble for four weeks prior to randomization). Dose changes
to existing medications (either increases or decreases in
dose), or addition or removal of an agent will be accepted
(with the exception of supplements containing mangos-
teen) and participants will be allowed to continue with the
trial. All medications (prescribed, over the counter, and
nutraceuticals/supplements) are recorded at baseline and
monitored at study each visit with changes recorded.

Outcomes

Primary outcome

The primary outcome of the study is the change in
PANSS total score from baseline to end treatment (week
24). The PANSS is a 30-item scale used to evaluate the
presence and severity of positive symptoms (7 items), neg-
ative symptoms (7 items), and general psychopathology
symptoms (16 items) of schizophrenia.** All items are rat-
ed on a 7-point scale (1=absent to 7=extreme), with de-
tailed anchor points for each item. Each item is rated by
the interviewer following a semi-structured interview (the
SCI-PANSS), and for some items, collaborative informa-
tion gathered from identified others (e.g., healthcare pro-
vider or carer). The PANSS is one of the most commonly
used measures of psychopathology of schizophrenia, and

has been rigorously tested for validity and reliability.”>*”

Secondary outcomes

Secondary outcomes include PANSS positive, negative
and general subscales, overall symptom state both clini-
cian-rated (CGI-S and CGl-global improvement [CGI-1])
and participant reported (Patient Global Improvement™),
depressive symptoms (Montgomery Asberg Depression
Rating Scale, MADRS™), life satisfaction (Quality of Life
Enjoyment and Satisfaction Questionnaire®”), functioning
(Global Assessment of Functioning Scale, GAF*®: and the
Longitudinal Interval Follow-up Evaluation-Range of Impaired
Functioning Tool®”), cognition (CogState brief screen, as-
sessing processing speed, attention, visual learning and
working memory®®), substance use (Opiate Treatment
Index, Alcohol Use Disorders Identification Test, Fagerstrom
Test for Nicotine Dependence); and peripheral (blood)
markers including markers of antioxidant defense (including
antioxidant levels), oxidative stress (including markers of
lipid peroxidation and protein carbonylation), and mark-
ers of inflammation (including IL-1, IL-6, C-reactive pro-
tein, and TNF-o) and a range of other sera markers related
to general health, which interact with oxidative stress.

Other outcomes
Weight, body mass index, medication use.

Additional baseline measures

Demographics; diagnosis (schizophrenia or schizoaffec-

tive according to the Diagnostic Interview for Psychosis,””
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using a diagnostic crosswalk to align diagnoses with
DSM-5); mental health history; height and physical activ-
ity (International Physical Activity Questionnaire™). Time
points for measurement can be seen in Figure 1.

Participant Timeline

Following referral to the study, trial clinicians will con-
tact the potential participant and schedule an initial
face-to-face screening interview. During the screening in-
terview, written informed consent will be provided, and

eligibility determined. Competency to provide informed
consent will be determined by the interviewer in collabo-
ration with the treating physician if required. Once eligi-
bility is determined, participants will complete the base-
line assessment, randomized (using the next consecutive
participant number for that site), provide the baseline
blood sample and then be provided with 4 weeks of medi-
cation and instructions for use. Every 4 weeks the partic-
ipants will return for a face-to-face interview, will return
any remaining medication in the bottle, and be provided

STUDY PERIOD

Baseline/

TIMEPOINT (WK) Enrolment | Allocation

Interim Primary | Post-discontinuation

assessments end point follow-up

1(0)

2(4)

3(8) |4(12)|5(16) |6 (20)| 7 (24) 8 (28)

ENROLMENT
Eligibility screen
Informed consent
Demographics, medical, psychiatric
and family history
Concomitant medications
Pregnancy test (females onIy)T
DIP
Allocation X

X X X X X X

INTERVENTIONS

Mangosteen or placebo

ASSESSMENTS
Efficacy (PANSS, CGl) X
Efficacy (MADRS, PGlI)

Functioning and QoL (Q-LES-Q, GAF,
LIFE-RIFT)

Cognitive testing (CogState)

Substance use (Fagerstrom test of
Nicotine Dependence, AUDIT, OTI)

Weight

Physical activity (IPAQ), height

Biological correlates (blood
specimen—serum, plasma, whole
blood)

><><><><><><8*
X X X

x

X X
x X
X X
X X
x X

X
x
x
x
X X X X X X
x

SAFETY
Adverse events X
AIMS X X

Fig. 1. Trial schedule of enrolment, interventions, and assessments.

DIP, Diagnostic Interview for Psychosis; PANSS, Positive and Negative Syndrome Scale; CGl, Clinical Global Impressions; MADRS, Montgomery
Asberg Depression Rating Scale; PG, Patient Global Improvement; QoL, quality of life; Q-LES-Q, Quality of Life Enjoyment and Satisfaction
Questionnaire; GAF, Global Assessment of Functioning Scale; LIFE-RIFT, Longitudinal Interval Follow-up Evaluation-Range of Impaired
Functioning Tool; AUDIT, Alcohol Use Disorders Identification; OTI, Opiate Treatment Index; IPAQ, International Physical Activity Questionnaire

Test; AIMS, Abnormal Involuntary Movement Scale.

*PANSS and CGl repeated if >7 days between screening and baseline assessments.
i participant is not sexually active or the treating clinician feels it is not warranted, this is not compulsory.
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with new medications (weeks 4, 8, 12, 16, 20). At week
24 the participant will complete the face-to-face primary
end-point interview, including providing the endpoint
blood sample. A final post-discontinuation visit will be
held at week 28 (Fig. 1).

Recruitment

Clinicians at both Geelong and Brisbane sites will re-
cruit from mental health services in the surrounding
districts. In addition, the Geelong site will utilize com-
munity recruitment, utilizing strategies including adver-
tisement through local newspapers, the internet and ra-
dio, flyers in medical waiting rooms, pharmacies and uni-
versity campuses, and direct contact with other potential
referral sources (general practitioners, the disability sup-
port sector, support groups, and private psychiatrists).
Participants will be reimbursed for their travel costs to a
total of 20 AUDJvisit.

Assignment of Interventions

Following the baseline assessment, participants are
randomized to either the mangosteen group or the place-
bo group. Allocation to treatment arm is randomly as-
signed in a 1:1 ratio (active to placebo) using permutated
block randomization, stratified by site (Brisbane and
Geelong). An independent researcher developed a com-
puter-generated randomization plan using the website
randomization.com. Participants, trial clinicians, inves-
tigators, and statisticians were blinded to treatment
allocation.

Copies of the randomization list are held by the clinical
trials pharmacy in case of requests for unblinding, with a
copy kept in a sealed envelope by the investigators in case
of emergency. All cases of emergency unblinding will be
thoroughly documented and require reporting to the Data
Safety and Monitoring Board (DSMB). Participants will be
notified which arm of the study they took part in after the
completion of all participants in the study.

Data Collection and Management

Trial data will be collected during face-to-face inter-
views from active participants. For participants who with-
draw or are withdrawn by the investigator, a post-with-
drawal visit will be conducted where possible, and there-
after no further information will be collected. Trial clini-
cians will be trained in outcomes measures with in-

ter-rater reliability assessments regularly conducted with-
in and across sites. Paper case report forms will be utilized
during the interviews, and trial clinicians across both sites
will enter data into an electronic database using the
REDCap system,®’ a metadata driven internet brows-
er-based system for data management. Paper and elec-
tronic trial data will be stored de-identified and kept se-
cure and confidential. Identifying participant information
will be stored separately from trial data.

For consenting participants, blood samples will be ob-
tained at baseline and week 24. Paxgene or whole blood,
serum and plasma aliquots will be labelled with partic-
ipant ID and stored in —80°C freezer until analysis.

Sample Size

We have pilot data®” on 80 individuals with schizo-
phrenia who received 1,000 mg of mangosteen pericarp
for 180 days. In the pilot data, the effect size on the pri-
mary outcome of the PANSS total was large (Cohen’s
d=1.41). For the current study, it was important to consid-
er that effect sizes are typically smaller in follow up stud-
ies than in pilot studies, enabling the study to detect a dif-
ference between groups of both clinical and scientific
interest. Therefore, conservative power estimations for the
current study were made based on the smallest effect ob-
served in the pilot study (i.e., medium effect for GAF).
With alpha (o) at the 0.05 level, a sample size of 50 per
group or a total sample size of 100 would provide 90%
power (1-B) to detect a significant difference. A sample
size of 150 (75 per group), will allow for attrition rates of
up to 50%.%”

Statistical Methods

All analyses will be conducted in accordance with the
International Conference on Harmonization E9 statistical
principles. Analysis will be based on all randomized par-
ticipants with at least one post-baseline observation and is
therefore modified-intention-to-treat analysis. The pri-
mary efficacy analysis will assess average treatment group
differences for the primary outcome measure PANSS total
score over the entire treatment period and will use a like-
lihood based mixed-effects model, repeated measures ap-
proach (MMRM). The MMRM model includes the fixed,
categorical effects of treatment, visit, and treatment-by-
visit interaction, as well as the continuous, fixed co-
variates of baseline score and baseline score-by-visit
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interaction. Planned comparisons will be done with the
MMRM models to determine between group differences
in change of symptoms measures from baseline to week
24, baseline to week 28 and week 24 to week 28.
Analyses of dichotomous data will be presented as pro-
portions, with 95% confidence interval, and Fisher’s exact
p value where appropriate. Non-parametric statistics will
be used when assumptions for parametric methods are
violated. Effect sizes will be calculated using Cohen’s
guidelines. All tests of treatment effects will be conducted
using a two-sided alpha level of 0.05 and 95% confidence
intervals. Change scores in symptoms and in biological
markers will be derived. Pearson Product Moment
Correlations () will be used to examine the relationships
between the change scores for symptoms and the change
scores for biological markers in the two groups. The corre-
lations obtained for each group will be tested using
Fisher’s z transformation to determine if they are statisti-
cally different in terms of strength.

Monitoring and Harms

The study is being sponsored by Barwon Health and the
University of Queensland and has been funded by the
Stanley Medical Research Institute

A DSMB has been established for the trial, consisting of
members with experience in clinical trials pharmacy, psy-
chiatry, and statistics. The DSMB will review aggregate
and individual subject safety data and provide recom-
mendations to continue or terminate the trial depending
on this data, reported to the principal investigators.

All adverse events (including SAEs) will be recorded, in-
tervened according to medical assessment, and moni-
tored. Participants are asked open-ended questions about
how they have been feeling in general and if they have
any concerns regarding their health or the study medi-
cation. Reporting of SAEs to regulatory authorities will be
done by the investigator (or delegate) in accordance with
local regulations. The Abnormal Involuntary Movement
Scale (AIMS), a standard rating scale for neuroleptic-
based clinical trials, will also be administered at every
interview. If the participant is of child-bearing potential
and sexually active, urine pregnancy tests will be con-
ducted prior to randomization. All participants will be re-
quired to nominate a current treating physician on enrol-
ment into the study and will be notified that that physician
may be contacted, should the research team feel it is ap-

propriate, for example if the participant expresses suicidal
ideation with a specific plan or intent (a MADRS suicide
item score of 5 or 6).

Ancillary and post—trial care

Participants will be provided with details on how the
product can be purchased following completion in the
study. If a participant suffers an injury as a result of partic-
ipation and seeks compensation, the trial sponsor will
comply with the process and conditions set out in the
Medicines Australia Guidelines for Compensation for
Injury Resulting from Participation in a Clinical Trial.

Dissemination Policy

Participants will be provided with a summary of results
after analysis is complete. Final results will be published
after completion of the study. De-identified data will be
submitted and shared through the National Institute of
Mental Health Data Archive (NDA). Data will be sub-
mitted to the National Database for Clinical Trials system
related to Mental Illness which is part of the NDA.

RESULTS

Ethical and governance approvals were gained and re-
cruitment of participants commenced. The trial has re-
ceived ethics approval from Barwon Health Human
Research and Ethics Committee and Metro South Human
Research Ethics Committee.

DISCUSSION

There is a need for new pharmacological treatments for
people with schizophrenia that target alternate mecha-
nisms of action to current treatment options. There is evi-
dence of anomalies in redox biology and inflammation in
schizophrenia, including the presence of oxidative stress
particularly implicating the glutathione system; changes
in oxidative status with treatment; and evidence that other
glutathione and redox active agents have therapeutic
value. Preclinical evidence suggests a range of com-
pounds in mangosteen may directly address these anoma-
lies and efficacy should be investigated in a well powered
trial. The availability of a novel and tolerable agent for this
disabling disorder would have a major international im-
pact on health outcomes. As mangosteen is relatively af-
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fordable and accessible, evidence of efficacy could then
be followed with an immediate roll out of the treatment.
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