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Mannitol, a natural alcoholic-sugar, was recently suggested as a potential

disease-modifying agent in Parkinson’s disease. In animal models of the disease,

mannitol interferes with the formation of α-synuclein fibrils, inhibits the formation of

α-synuclein oligomers and leads to phenotypic recovery of impaired motor functions.

Parkinson’s patients who consume mannitol report improvements of both motor and

non-motor symptoms. Safety of long-term use of oral mannitol, tolerable dose and

possible benefit, however, were never clinically studied. We studied the safety of oral

mannitol in Parkinson’s disease and assessed the maximal tolerable oral dose by

conducting a phase IIa, randomized, double-blind, placebo-controlled, single-center,

dose-escalating study (ClinicalTrials.gov Identifier: NCT03823638). The study lasted 36

weeks and included four dose escalations of oral mannitol or dextrose to a maximal

dose of 18 g per day. The primary outcome was the safety of oral mannitol, as

assessed by the number of adverse events and abnormal laboratory results. Clinical

and biochemical efficacy measures were collected but were not statistically-powered.

Fourteen patients receiving mannitol completed the trial (in addition to eight patients on

placebo). Mannitol-related severe adverse events were not observed. Gastrointestinal

symptoms limited dose escalation in 6/14 participants on mannitol. None of the clinical

or biochemical efficacy secondary outcome measures significantly differed between

groups. We concluded that long-term use of 18 g per day of oral mannitol is safe in

Parkinson’s disease patients but only two third of patients tolerate this maximal dose.

These findings should be considered in the design of future efficacy trials.
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INTRODUCTION

Current therapies for Parkinson’s disease (PD) aim to alleviate symptoms. In the search for disease-
modifying therapies in PD, numerous generic and non-patentable agents have been suggested (1, 2).
However, only a relatively small number of these agents were tested in large scale double-blind trials
(3, 4). Mannitol, a 6-carbon polyol that was recently suggested as a potential disease-modifying
agent (5) was never clinically studied in PD patients.
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In vitro, it has been shown that mannitol interferes with the
formation of α-synuclein fibrils (5). At high doses mannitol also
inhibits the formation of α-synuclein oligomers, a form that may
be even more toxic to neurons. More impressively, exposure of a
fruit fly model of PD (transgenic α-synuclein A53T) to a medium
containing mannitol led to a full recovery of impaired motor
functions. These observations, which were received with great
enthusiasm by PD patients, led many individuals affected by the
disease to begin consuming daily oral mannitol. Self-reported
outcomes included improved sense of smell, reduction in the
dose of PD medications and general improvement in well-being.
Lack of data regarding the safety of long-term use of high-dose
oral mannitol motivated us to conduct a double-blind study of
the safety and tolerability of this agent. We also searched for hints
of disease-modification, although our study was not statistically
powered for this.

MATERIALS AND METHODS

Study Design
This is a randomized, double-blind, placebo-controlled, single-
center, dose-escalating study lasting 36 weeks (ClinicalTrials.gov
Identifier: NCT03823638). The work has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involving
humans. The study was approved by the institutional IRB
committee (0346-17-HMO). All participants signed an informed
consent before any trial-related procedure was performed.

Patients were recruited at the clinic for Parkinson’s Disease
and Movement Disorders at Hadassah Medical Center
(Jerusalem, Israel) between November 2018 and March
2020. The clinical study included five visits at the clinic. In the
first visit, patients were screened (see inclusion and exclusion
criteria below) and were then randomly assigned to receive either
oral mannitol (2.5 g twice daily, manufacturer Roquette, France)
or oral placebo (2.5 g twice daily of dextrose, manufacturer
Roquette, France). To achieve allocation concealment
participants were assigned to either the mannitol or the placebo
arms by a blinded team member who used a randomization
table. In visits 2–4 (intervals of 6, 6, and 12 weeks respectively)
the doses of the investigational product were gradually increased
(4, 6, and 9 g twice daily, respectively). In cases of clinically
significant side effects, the dose was adjusted to the highest
previous tolerable dose. The trial was completed 12 weeks later
(visit five).

During visits 1–4 participants received a container with the
investigational product and a measuring tube marked for the
relevant volume of powder. Participants were instructed to
dissolve, the measured volume powder in water, twice daily,
and consume it. Adherence was documented twice daily by a
self-reported table. During these visits, the anti-parkinsonian
treatment could be changed by the investigator if needed.

Subjects
Participants were 40–79 years of age who were diagnosed with
PD after the age of 40 years, based on the United Kingdom Brain
Bank criteria. Patients were cognitively preserved (Montreal
Cognitive Assessment score ≥25/30) and were on a stable

regimen of anti-Parkinsonian medications for at least 4 weeks.
Exclusion criteria included symptomatic therapy taken more
than four times a day, advanced PD therapies (subcutaneous
apomorphine, deep brain stimulation or levodopa continuous
intrajejunal infusion), history of psychosis or the use of dopamine
receptor blocking agents on the year proceeding the trial,
suspected Parkinsonian syndrome other than PD, pregnancy,
diabetes mellitus, congestive heart failure or symptomatic
orthostatic hypotension.

Outcomes
The primary outcome of the study was the safety of oral mannitol
in PD as assessed by the number of mannitol-related adverse
events, clinically significant changes in vital signs and clinically
significant abnormalities in laboratory results.

Secondary outcome measures between visits one and five
(week 36) included: 1) Time-interval for starting symptomatic
therapy in patients not receiving symptomatic therapy at
baseline; 2) Change in daily levodopa-equivalent dose (LED)
units; 3) Change of Brief Smell Identification Test (B-SIT) score,
4) Change in Constipation Assessment Scale (CAS); 5) Change in
Montreal Cognitive Assessment (MoCA) test score; 6) Change in
Non-Motor Symptoms of Scale for Parkinson’s disease (NMSS);
and 7) Change in the ratio of total-to-proteinase K-resistant α-
synuclein in red blood cells (RBC) measured by enzyme-linked
immunosorbent assay (ELISA). Motor scores were documented
during the visits, but were not part of the outcome measures, as
patients were not asked to avoid medication on the night before
clinic visits.

Sample Size and Statistical Analysis
We targeted a sample size of 25 per group, with assumed
7% dropouts unrelated to agent tolerability. This sample size
provided 80% power to detect a difference of 30% in the
proportion of subjects tolerating mannitol relative to placebo
(using a 1-sided t-test with alpha <0.05), assuming the placebo
group will have more than 90% tolerability.

Efficacy measures, calculated only for those patients who
completed the treatment originally allocated, were not powered
to detect statistically significant differences, but rather to be
used for designing future efficacy studies with the maximal
tolerable dose of mannitol that will be defined in this study.
The targeted sample size (including the 7% dropouts), however,
would have enabled us to detect inter-group differences of 20%
in the mean of continuous variables (secondary objectives) with
80% power in 2-sided t-test with alpha <0.05 in case the intra-
group standard deviation would be 24%. Differences between
groups were assessed using two-sided Wilcoxon rank sum test.

The COVID-19 pandemic in 2020 dramatically slowed
recruitment rate in the 3rd year of the clinical trial and led to
the decision of earlier trial termination.

Biochemical Measures
Blood samples were collected in EDTA tubes and processed
within 2–3 h from collection as previously described (6). The
levels of total α-synuclein and phosphorylated α-synuclein
(pSer129) in lysed blood cells were determined (6). To measure
the total and pSer129 α-synuclein levels in the membrane,
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FIGURE 1 | Trial flow diagram and clinical outcome. (A) First trial visit included both screening for eligibility and randomization. (B) Dosage tolerability among

participants who completed the trial in the mannitol (black) and placebo (dextrose, gray) groups.
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TABLE 1 | Baseline demographic and clinical characteristics of randomized

subjects.

Placebo (n = 11) Mannitol (n = 16) P Value

Age (Years) 68.5 (48–76.5) 66.7 (52.5–75.2) 0.47

Female / Male 5/6 6/10 0.71

Years from diagnosis 2 (0–8) 2 (0–15) 0.96

Body mass index (BMI) 26.6 (19.3–32.4) 25.6 (18.6–32.5) 0.71

Individuals on levodopa 8/11 10/16 1.00

Daily LED 360 (100–500) 300 (0–625) 0.37

B-SIT 6 (2–10) 6 (2–12) 0.55

CAS 1 (0–5) 0.5 (0–7) 0.61

MoCA 29 (26–30) 28 (26–30) 0.26

NMSS 10 (3–31) 9.5 (0–98) 0.57

ADL 90 (80–100) 90 (80–90) 0.61

H&Y 2 (1–2.5) 2 (1–3) 0.35

UPDRS I 0 (0–3) 1 (0–3) 0.49

UPDRS II 6 (3–13) 5.5 (1–16) 0.84

UPDRS III 17 (7–35) 19 (11–30) 0.30

LED, Daily Levodopa Equivalent Dose; B-SIT, Brief Smell Identification Test; CAS,

Constipation Assessment Scale; MoCA, Montreal Cognitive Assessment scale, NMSS,

Non-Motor Symptoms Scale; ADL, Schwab & England Activities of Daily Living scale;

H&Y, Hoehn and Yahr scale; UPDRS, Unified Parkinson’s Disease Rating Scale.

pellets were obtained following osmotic cell lyses of blood cells.
Membrane pellets were washed three times in DDW to remove
cells and soluble proteins and membrane proteins were extracted
in STET buffer (10mM Tris-HCl, 1mM EDTA, 100mM NaCl)
containing 1% Triton X-100 (v/v) with proteinase inhibitors
(30min on ice). Samples were then spun at 14,000 RPM for
10min and the supernatant was collected for analyses. Samples
were diluted 1:100 with 1% BSA (fatty acid free) in PBS and were
applied to a microtiter plate at 15 and 30 µl.

To measure phosphatidylinositol 4,5-bisphosphate (PI4,5P2)
levels, membrane pellets were washed three times with DDW
and liquids were completely removed. Total lipids were extracted
in cold chloroform: methanol (1:1) using the Folch method
(7) with the addition of 30µM AlCl3. Samples were vortexed
for 1min and centrifuged at 9,000 RPM for 5min. The pellet
fraction obtained from the resultant extraction (1st extraction)
was dissolved in chloroform: methanol 2:1 with AlCl3 and 0.25%
HCl, vortexed for 5min and centrifuged at 13,000 RPM for 5min.
The lower phase of this extraction (2nd extraction) was used
for analysis of PI4,5P2 levels. In addition, samples of both 1st
and 2nd extractions were diluted in methanol at 1:30 or 1:3,
respectively, and applied on a microtiter plate at 10–40 µl per
well. A standard curve consisting of purified PI4,5P2 (Echelon)
was applied in parallel at 0–60 ng/well. Solvents were dried
under N2 and PI4,5P2 levels were detected using anti PI4,5P2
antibodies (Echelon).

RESULTS

Characteristics of the Subjects
A total of 27 participants signed the IRB-approved informed
consent and were randomized to blindly receive oral mannitol or

placebo (Figure 1A). Three participants withdrew their consent
before initiation of therapy. Baseline demographic and clinical
characteristics of randomized subjects were similar between
the two groups (Table 1). The adherence of participants to
the investigation product was high in both groups (mannitol:
89–100%, median 99%; placebo: 91–100%, median 100%).

Primary Clinical Outcome Measures
(Safety and Tolerability)
Twenty-four participants initiated oral therapy (15 mannitol, 9
placebo). One participant from each of the groups terminated
the study earlier than planned. Early termination of a participant
receivingmannitol was due to in situ breast carcinoma discovered
3 weeks after the first visit. This severe adverse event was
considered unrelated to mannitol treatment. The participant in
the placebo group dropped out of the trial within a week due
to nausea. This side effect was considered as related to the
investigated product by the investigator.

No mannitol-related severe adverse events occurred during
the study. A single severe adverse event (recurrence of prostate
carcinoma), considered unrelated to the investigated product,
was documented on the last visit in one patient receiving
placebo. Clinically significant gastrointestinal symptoms
(diarrhea, nausea, abdominal discomfort) were reported in 6/14
participants in the mannitol group who completed the study.
In 5/14 participants these symptoms required dose reduction
(Figure 1B). Only a single participant in the placebo group
required dose reduction due to abdominal discomfort (Fisher
exact P = 0.19). Overall, 64% of participants receiving mannitol
tolerated well the target dose of 18 g of mannitol per day divided
into two doses.

Blood tests, taken during each of the visits before dose
increment, did not reveal electrolyte abnormalities, increased
liver enzymes, impaired renal function, elevated non-fasting
glucose level or evidence of systemic inflammation (leukocytosis
or increased CRP). Blood counts and biochemistry parameters
did not change during the trials and no adverse events were
documented by the laboratory tests (Table 2).

Secondary Clinical Outcome Measures
(Efficacy)
The study was not designed to demonstrate statistically
significant differences in efficacy measures. None of the clinical
measures were significantly different between the mannitol
and placebo groups (Table 3). Sub-analysis, comparing the
placebo group with participants who completed the trial on the
maximal target dose of mannitol (18 g, n = 9), also did not
reveal significant differences. Only a single participant (mannitol
group), not on levodopa at screening, started levodopa therapy
during the trial.

Biomarker Measures
Blood samples taken with each increment of mannitol or
placebo dose were used to measure biochemical variables that
included total and pSer129 α-synuclein levels, in both lysed
blood cells and in membrane pellets of lysed blood cells (6),
and PI4,5P2 levels that based on recent findings are increased
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TABLE 2 | Values of whole-blood laboratory parameters at the final visit of participants receiving placebo (dextrose) or mannitol.

Placebo, last visit (n = 11) Mannitol, last visit (n = 14) P Value

Creatinine 49–107 (75.5) µmol/L 45–110 (81.5) µmol/L 0.45

Urea 2.8–7.6 (3.8) mmol/L 2.0–7.1 (3.8) mmol/L 0.89

Sodium 135–141 (138) mmol/L 131–142 (135) mEq/L 0.30

C reactive protein >0.05–1.2 (0.05) mg/L >0.05–1.0 (0.07) mg/L 0.71

Hemoglobin 10.6–15.6 (13.8) g/dL 12.5–15.6 (14.0) g/dL 0.56

Non fasting glucose 4.3–5.9 (5.1) mmol/L 4.7–6.2 (5.2) mmol/L 0.61

Minimum - maximum and (median) values are presented.

TABLE 3 | Change of clinical outcome measures of efficacy between baseline and 36 weeks of continuous therapy.

Placebo (n = 8) Mannitol (n = 14) P Value Full dose Mannitol (n = 9) P Value

Secondary clinical outcome measures

LED 0 (−75–0) 0 (−225–50) 0.66 0 (−75–0) 1.00

B-SIT −1.5 (−4–1) −1 (−5–3) 0.20 −1 (−3–3) 0.35

MoCA 0 (−2–1) −1 (−3–5) 0.81 −1 (−1–5) 0.66

NMSS −4 (−12–13) 0 (−12–20) 0.37 0 (−12–20) 0.52

CAS 0 (−2–1) 0 (−3–3) 0.94 0 (−3–3) 0.72

Other clinical outcome measures

ADL 0 (0–10) 0 (0–10) 0.65 0 (0–10) 0.67

UPDRS I 0 (−1–2) 0 (−1–6) 0.64 0 (−1–6) 0.89

UPDRS II 0.5 (−3–1) 0 (−1–5) 0.70 0 (−1–3) 0.77

Placebo (n = 2) Mannitol (n = 6) P Value Full dose Mannitol (n = 5) P Value

Other clinical outcome measures in participants without levodopa

H&Y 0.3 (0–0.5) 0 (0–0.5) 0.99 0 (0–0.5) 1.00

UPDRS III 0 (−6–6) −1.5 (−18–5) 0.64 −1 (−18–5) 0.57

UPDRS I-III −1 (−5–3) −2 (−16–13) 1.00 −1 (−16–13) 1.00

LED, Daily Levodopa Equivalent Dose; B-SIT, Brief Smell Identification Test; CAS, Constipation Assessment Scale; MoCA, Montreal Cognitive Assessment scale; NMSS, Non-Motor

Symptoms Scale; ADL, Schwab & England Activities of Daily Living scale; H&Y, Hoehn and Yahr scale; UPDRS, Unified Parkinson’s Disease Rating Scale.

in PD models (8, 9). No observable or statistically significant
differences were demonstrated between the groups and no intra-
group longitudinal changes were observed during the trial.

Retrospective Power Calculation for
Future Trials
PD patients who buy and consume oral mannitol (not as part
of controlled clinical studies) frequently report improvement
of their sense of smell. In our small study no such effect was
observed (in the mannitol group the median change in B-SIT
score was −1, a mean change of −0.54 ± 2.22). Based on these
results, a future study aiming to demonstrate an improvement
of at least 1 point on the B-SIT test, with a power of 80% and a
significance level of 5% in a one-sided paired t-test, would require
a sample size of at least 32 subjects on mannitol.

DISCUSSION

Oral mannitol is absorbed through non-mediated diffusion by
small channels in enterocyte brush border membrane. It is
estimated that the oral bioavailability of mannitol ranges from as

low as 20% (10) to as high as 60% (11). Absorption may be lower
in patients with Parkinson’s disease (12). While the permeability
of the blood-brain-barrier (BBB) to mannitol is relatively low,
data in animal models indicates that mannitol penetrates the
brain (13).

The mechanism by which mannitol reduces α-synuclein

accumulation in PD models is still unknown. It has been shown
that mannitol increases the expression of 70 kilodalton heat

shock proteins (HSP-70) and therefore, potentially facilitates

correct folding of α-synuclein and removal of misfolded forms
(5). Another possible mechanism comprises the property of
mannitol as a scavenger of free radicals (14). Our view is
that the mechanism by which a single, high-dose intravenous
application of mannitol reduces intracranial pressure, namely
osmolar pressure, does not play a role in the reduction of α-
synuclein accumulation.

Our study was not powered to demonstrate efficacy. Following
36 weeks of exposure to mannitol we did not observe a clear
reduction in Parkinson’s symptoms that were previously reported
by patients taking mannitol (not in a clinical study). It is possible
that a longer exposure would enable clinically to demonstrate
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disease modification that was pathologically observed in a mouse
of PD after only 4 weeks of exposure (5). Long study would also
enable to demonstrate clinical deterioration in the placebo group.

This study established the safety of long-term use of oral
mannitol in doses up to 18 grams per day. Larger clinical trials
that would target efficacy would have to take into account that
only two thirds of participants tolerated this dose. The levels of
mannitol in the cerebrospinal fluid following exposure to such
oral doses should be measured and compared to the levels shown
effective in PD animal models (5) before a larger efficacy study
will be considered.
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