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DL-3-n-butylphthalide therapy for Parkinson's
disease: A randomized controlled trial

HAIYAN ZHOU'"", MING YE**, WENFANG XU?", MEILING YU>, XIAOLIN LIU?> and YUHUA CHEN*

Departments of 1Gerontology, 2Neurology and 3Pharmacy, The First Affiliated Hospital of Bengbu Medical College,
Bengbu, Anhui 233004; 4Department of Neurology, Anhui Provincial Hospital Affiliated to
Anhui Medical University, Hefei, Anhui 230001, P.R. China

Received January 23, 2018; Accepted December 21, 2018

DOI: 10.3892/etm.2019.7397

Abstract. Currently available treatments for Parkinson's
disease (PD) do not delay or prevent disease development
and progression. DL-3-n-butylphthalide (NBP), isolated from
Apium graveolens seeds, alleviates oxidative damage and
mitochondrial dysfunction. It has been revealed to reduce the
loss of dopamine neurons in pre-clinical PD models, and has
been approved for the treatment of ischemic stroke patients.
The purpose of the present study was to examine whether
NBP has the capacity provide a benefit for PD patients and to
slow disease progression. A randomized, controlled trial was
performed between September 2014 and December 2016. Pairs
of patients matched by age, gender and off-medication Unified
PD Rating Scale motor subscale (UPDRS-III) scores, were
randomly assigned to an NBP treatment group and a control
group. All patients continued their originally prescribed
medication regimen and those in the NBP group were
administered NBP at 200 mg three times daily for 24 weeks.
Primary outcome measures were changes in UPDRS-III,
including tremor score and non-tremor score, the Pittsburgh
sleep quality index (PSQI) and the PD 39-items questionnaire
(PDQ) scores. Assessments were completed by blinded evalu-
ators at baseline and 12, 24 and 48 weeks after randomization.
All patients were monitored for adverse events (AEs). A total
of 103 patients were enrolled in the present study. The NBP
group exhibited significantly greater improvements in the
non-tremor, PSQI and PDQ-39 scores than the control group,
which generally exhibited no improvement. NBP-associated
AEs were uncommon and primarily consisted of mild

Correspondence to: Mrs. Yuhua Chen, Department of Neurology,
Anhui Provincial Hospital Affiliated to Anhui Medical University,
17 Lujiang Road, Hefei, Anhui 230001, P.R. China

E-mail: doctorcyh@163.com

“Contributed equally
Key words: DL-3-n-butylphthalide, Parkinson's disease, randomized

controlled trial, Unified Parkinson's Disease Rating Scale motor
subscale I11

gastrointestinal symptoms. In conclusion, over the 6-month
treatment period, NBP was safe and effective for improving
the symptoms and impairing the progression of patients with
PD (Trial registry number, ChiCTR1800018892).

Introduction

Parkinson's disease (PD) is a progressive neurodegenerative
disorder that commonly leads to the loss of motor function
(akinetic-rigid, tremor and postural instability gait disorder),
non-motor symptoms (NMS; sleep disorder and autonomic
dysfunction) and cognitive decline (1). Currently available
treatments for PD do not delay or prevent disease progression.
Strong evidence has emerged that mitochondrial dysfunction,
inflammation and increased oxidative stress have pivotal roles
in the pathogenesis of PD and these processes provide a scien-
tific basis for testing potential ‘neuroprotective’ agents.
DL-3-n-butylphthalide (NBP) (Fig. 1) is a synthetic
chiral compound developed from L-3-n-butylphthalide that
contains the L- and D-isomers of butylphthalide. NBP was
initially isolated as a pure component from the seeds of
Apium graveolens in 1978 and was first synthesized in 1980
by researchers at the Institute of Medicine of the Chinese
Academy of Medical Sciences (2). Pharmacological tests at
that time indicated that NBP had significant central nervous
system (CNS) effects, including anti-convulsant and seda-
tive activities, but the dose at which NBP had anti-epileptic
effects was close to its maximum tolerated dose. The phar-
macological effects of NBP on stroke were demonstrated in
whole animals, organs, tissues, cells and at the molecular
level, and included a significant reduction in cerebral infarc-
tion, protection of mitochondrial function and improvement of
brain metabolism (2,3). NBP was approved by the State Food
and Drug Administration of China as a therapeutic drug for
the treatment of ischemic stroke in 2005 based on the results
of multicenter phase 2 and 3 randomized controlled clinical
trials and was consistently reported to improve neurologic
function after stroke, with good safety and tolerability (4,5).
NBP has also been reported to prevent oxidative damage and
mitochondrial dysfunction, protect against neurotoxicity via
an autophagic mechanism in a 1-methyl-4-phenylpyridinium
(+)-induced cellular model of PD (6), and protect dopamine
neurons in rotenone-induced models of PD (7). Preliminary
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experiments performed in our group indicated that NBP
significantly improved dyskinesia, reduced microglial activa-
tion, decreased nuclear a-synuclein deposition and increased
the survival of tyrosine hydroxylase-positive cells in the
substantia nigra of the lipopolysaccharide (LPS)-induced PD
mouse model. Therefore, it was hypothesized that NBP may
have therapeutic efficacy in patients with PD, and the present
study was designed to evaluate this.

Materials and methods

Study design, participants and oversight. The present study
was a prospective, single-center, parallel-group, randomized
controlled trial. Patients were self-referred or recruited from the
First Affiliated Hospital of Bengbu Medical College (Bengbu,
China) between September 2014 and December 2016. The final
follow-up evaluation was in December 2016. Patients were
eligible for participation in the study if they i) had idiopathic
PD confirmed by a movement disorder specialist, according
to the Parkinson's Disease Society Brain Bank criteria (8);
ii) had been receiving a stable medication regimen for a dura-
tion of =6 weeks or were early PD patients who had no prior
medication treatment and were receiving their first consulta-
tion; iii) were between 40 and 80 years of age; and iv) had a
family member or friend who was willing to also participate.
Exclusion criteria included any factor that may have precluded
completion of neuropsychological testing; clinically significant
gastrointestinal, hepatic, renal, respiratory or cardiovascular
system disease; infection; alcoholism; drug addiction; or
known hypersensitivity to celery. Patients were evaluated at
the Department of Neurology of the First Affiliated Hospital
of Bengbu Medical College (Bengbu, China).

Interventions. NBP was selected, as this additional treatment
has been used in the clinic for patients with brain infarction
and vascular cognitive impairment but no dementia with
good safety and tolerability (2,3). In addition, NBP protected
dopamine neurons in in vivo and in vitro models of PD. All
participants continued their stable medical regimens under the
care of their physicians. Patients were matched by age, gender
and off-medication Unified Parkinson's Disease Rating Scale
motor subscale (UPDRS-III) scores, and randomly assigned at
a 1:1 ratio to the NBP group, which received oral NBP 200 mg
three times daily based on the dose approved for stroke that
is known to exert CNS effects for 24 weeks (5), or the control
group. All patients continued their originally prescribed medi-
cation regimen during the 48 weeks of the study. Furthermore,
in this time, no new PD treatment was provided to the study
participants except for the experimental treatment with NBP.

Study procedures. All assessments were performed at the
Department of Neurology of the First Affiliated Hospital of
Bengbu Medical College (Bengbu, China) after a 12-h over-
night withdrawal of dopaminergic medication. Off-medication
assessments were completed in the morning (9). Motor signs
were evaluated using the UPDRS-III and, based on the predom-
inant motor features in the UPDRS III motor examination
section score, the scores were subtyped into tremor scores and
non-tremor (bradykinesia plus rigidity) scores. Tremor scores
were derived from the sum of UPDRS III items 20 (tremor at

3801

C4Hg

0]

Figure 1. Chemical structure of DL-3-n-butylphthalide, a novel synthetic
chiral compound containing the L- and D-isomers of butylphthalide.

rest) and 21 (action or postural tremor of hands). Non-tremor
scores were derived from the sum of UPDRS III items 18
(speech), 19 (facial expression), 22 (rigidity), 23 (finger taps),
24 (hand movement), 25 (diadochokinesia), 26 (leg flexibility),
27 (arising from the chair), 28 (posture), 29 (gait), 30 (postural
stability), and 31 (body bradykinesia and hypokinesia) (10).
The quality of sleep was also assessed using the Pittsburgh
sleep quality index (PSQI), and the quality of life using the
Parkinson's disease 39-items questionnaire (PDQ-39), following
the methods described in previous studies (11).

Follow-up. Patients were examined at 12 (midpoint), 24
(end of treatment) and 48 weeks (follow-up evaluation). The
entire baseline assessment procedure was repeated. The same
evaluator who evaluated the baseline indicators performed
all subsequent off-medication evaluations and recorded the
current medications and adverse events at each visit.

Randomization and blinding. As patients were assigned,
the statistician informed the assigned treatment and study
coordinator that randomization had occurred. Only the stat-
istician and the coordinator who recruited the patients knew
the treatment assignment, but none of these individuals had
a role in data collection. The research personnel involved in
data collection were blinded to the treatment assignments. The
patients knew their treatment assignment, but did not know the
study hypothesis.

Statistical analysis. The qualitative information in the base-
line data was analyzed using the ¥ test and the quantitative
data were analyzed using the independent-samples t-test. The
primary outcome measures were the change in the off-medica-
tion non-tremor score, tremor score, PSQI and PDQ-39 scores
from baseline to 12, 24 and 48 weeks. To estimate the treatment
effects, comparisons between groups were performed using the
Mann-Whitney U-test for two sets of independent samples, as
the data did not follow a normal distribution. Statistical analyses
were performed using SPSS 17.0 software (SPSS, Inc., Chicago,
IL, USA). All statistical tests were two-sided P<0.05 was
considered to indicate a statistically significant difference.

Results

Patients. Between September 2014 and December 2016,
173 patients with PD were screened for study participation and
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||
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Figure 2. Schematic illustrating the movement of patients through the trial period. DBS, deep brain stimulation; NPB, DL-3-n-butylphthalide.

131 patients were randomly assigned to the NBP group or the
control group. A total of 103 patients were followed up until
the end of the study, including 43 patients in the NBP group
and 60 patients in the control group (Fig. 2). The baseline
characteristics were not statistically different between the study
groups (Table I). The clinical profiles of the enrolled patients
were consistent with the diagnosis of PD. Most enrolled patients
were taking concomitant medications, with the most common
one being the dopamine receptor agonist L-dopamine, but there
were no significant differences in medication usage between the
treatment group and the control group.

Motor signs and medication status. The mean off-medication,
bradykinesia plus rigidity score and tremor score decreased
from baseline at 12, 24 and 48 weeks for the patients in the
NBP treatment group, The mean off-medication tremor
score decreased slightly at 12 and 24 weeks, but increased at
48 weeks. The change from the baseline in the bradykinesia plus
rigidity and tremor scores were statistically significant when
compared with the control group. (Table II; Fig. 3A and B).

Sleep quality and medication status. The changes in the mean
PSQI score for the NBP-treatment group from baseline to
12 and 24 weeks were all statistically significant compared
with those in the control group. The scores remained constant
at 48 weeks (Table II; Fig. 3C). It was indicated that NBP had
a beneficial effect on the sleep quality of PD patients. During
the first six months of the study, two patients in the NBP group
and 15 patients in the control group required an increase
in medication, however, this study did not add other drugs
according to the experimental design.

Quality of life. The mean PDQ-39 score decreased from
baseline for the NBP treatment group at 12 and 24 weeks, and
remained constant at 48 weeks. The difference in the PDQ-39
score changes in the NBP group from the control group was
significant (Table II; Fig. 3D). It was therefore indicated that
NBP had a beneficial effect on the quality of life of PD patients.

Adverse events. Only three adverse events directly associ-
ated with the treatment were noted in the NBP group: NBP
allergy characterized by itching and skin rash one week after
treatment (1 patient, drug rash improved after discontinuing),
slight elevation of ALT 24 weeks after treatment (1 patient,
ALT returned to normal 1 week after stopping the drug) and
a mild gastrointestinal reaction (2 patients, reactions improved
30 min after taking the medicine).

Discussion

The pathogenesis of PD includes synaptic transmission,
the cytoplasmic cycle, lysosomal autophagy and multiple
molecular mechanisms, including mitochondrial metabolism.
Thus far, no effective medication has been developed to inter-
fere with this specific pathogenesis. Clinical trials, including
those that evaluated adeno-associated virus serotype 2-nerve
growth factor, coenzyme Q10, creatine, pramipexole and
pioglitazone, all reported negative results (12,13). As the
first randomized, controlled, blinded clinical trial of NBP
for PD, the present study should be considered exploratory.
The methods and results of the present study may provide an
important reference for patient selection, outcome measures
and study duration of future PD drug trials. Of note, the results
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Characteristic NBP (n=43) Control (n=60) vt P-value
Age (years) 60.00+9.82 61.92+9.77 -0.980 0.330
Duration of disease (months) 38.30+£26.84 48.08+31.36 -1.655 0.101
UPDRS, off
medication 47.40+23.96 53.32+26.76 -1.156 0.250
UPDRS 111, off
medication 30.72+14.87 34.42+17.20 -1.164 0.247
MMSE 26.51+5.84 24.53+6.90 1.572 0.119
ESS 5.37+4 81 5.52+5.30 -0.142 0.887
PSQI 8.63+6.94 6.72+4.18 1.608 0.113
FSS 3.28+2.02 3.73£2.12 -1.093 0.277
HRSD 14.16+8.87 15.43+8.28 -0.745 0.458
HAMA 8.16£591 9.02+5.50 -0.753 0.453
PDQ-39, off
medication 40.49+27.80 48.37+29.41 -1.372 0.173
Gender 0.434 0510

Male 23 (53.5) 36 (60.0)

Female 20 (46.5) 24 (40.0)
Levodopa equivalent dose 1.131 0.288

No 18 (41.9) 19 (31.7)

Yes 25 (58.1) 41 (68.3)
H-Y stage, off medication 5072 0.407

1 12 (27.9) 14 (23.3)

1.5 10 (23.3) 12 (20.0)

2 6 (14.0) 5(8.3)

3 6 (14.0) 17 (28.3)

4 9(20.9) 10 (16.7)

5 0(0.0) 2(3.3)

Values are expressed as n (%) or the mean + standard deviation. NBP, DL-3-n-butylphthalide; UPDRS, Unified Parkinson's Disease Rating
Scale; MMSE, Mini Mental State Examination; ESS, Epworth sleep rating scale; PSQI, Pittsburgh sleep quality index; FSS, Fatigue Severity
Scale; HRSD, Hamilton depression scale; HAMA , Hamilton anxiety scale; PDQ-39, Parkinson's disease quality of life 39-items questionnaire.

of the present study indicated that NBP may be a promising
treatment option for PD.

The end-points of the present study were off-medication
tremor score and non-tremor (bradykinesia plus rigidity)
score based on the predominant motor features in the UPDRS
IIT motor examination section score, rather than generally
assessing the patients' motor symptoms using the UPDRS III
scores.

According to previous reports, 50% of patients with PD
complained of slowness of movement, including the initiation
and execution of movements, particularly sequential and voli-
tional actions, and 40% of patients are likely to complain of
tremulousness of the hand at rest (14). Based on the different
abovementioned clinical symptoms, patients with PD were
subtyped into one of two clinical groups, non-tremor-domi-
nant subtype (ART) and tremor-dominant subtype (TDT), and
evaluated using the non-tremor score and tremor score (15).

ART and TDT have different clinical signs, markers and
pathogeneses. In ART, PD progresses more rapidly (16), and
in the early stage, the dopaminergic system is more severely

impaired (17). Patients with the ART of PD have consistently
been reported to exhibit a broader array of NMS than TDT,
involving earlier autonomic features and later cognitive
impairment (1). Furthermore, previous studies have indicated
that the disease in NMS-dominant phenotypes may begin
peripherally in the gastrointestinal tract (18) and link with the
heterogeneity of the initiating neuropathology to reflect the
convergence of deficits in multiple transmitter systems and
pathways, including the cholinergic, serotonergic and norad-
renergic systems, occurring in PD (19).

The present results demonstrated a favorable effect of NBP
in the treatment of patients with bradykinesia plus rigidity
symptoms. The efficacy of NBP in PD may be mediated by
multiple targets involved in the pathogenesis of this disorder.
Data from animal and cell models suggest that NBP protects
dopaminergic neurons by blocking the upregulation of
intracellular reactive oxygen species production, inhibiting a
decrease in cleaved caspase-3/caspase-3 and B-cell lymphoma
2 (Bcl-2)/Bcl-2-associated X protein ratios (20), scavenging
free radicals (21),increasing the number of synapses and apical
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Table II. Bradykinesia plus rigidity, tremor, sleep quality and quality of life at each follow-up visit by treatment group.

Score at follow-up visit

Change from baseline®

Time-point Control (n=60) NBP (n=43) Control (n=60) NBP (n=43) Z-value P-value®
Bradykinesia plus rigidity score,
off medication
Baseline 33.05+17.57 28.86+15.85
12 weeks 33.33+18.24 24.26x13.57 0.28+6.21 -4.60+£3.51 27562  <0.001
24 weeks 33.55+18.02 21.72+11.71 0.50+9 .48 -7.14+£5.81 -7.625  <0.001
48 weeks 36.18+19.38 21.74x11.77 3.13x£11.28 -7.12+£5.96 -7.611 <0.001
Tremor score, off medication
Baseline 48.10+£29.22 40.49+27.80
12 weeks 48.43+28.88 31.42+22.66 0.33+9.54 -9.07+8.82 -8.432  <0.001
24 weeks 48.08+28.07 27.23+18.15 -0.02+1226  -13.26x11.52 -8.022  <0.001
48 weeks 50.55+28.61 27.33+18.18 245+13.52  -13.16x1153 -7963  <0.001
Pittsburgh sleep quality index
scores, off medication
Baseline 15.43+8.28 14.16+8.87
12 weeks 15.43+8.28 9.93+5.94 0.00+2.82 -3.47+£3.99 -3.945  <0.001
24 weeks 15.60+8.15 9.70+5.78 1.88+4.22 -3.93+4 .48 -5.361 <0.001
48 weeks 15.60+8.15 9.70+5.78 1.88+4.22 -3.93+4 .48 -5.361 <0.001
Parkinson's disease 39-items
questionnaire scores, off medication
Baseline 48.10+£29.22 40.49+27.80
12 weeks 48.43+28.88 31.42+22.66 0.33+9.54 -9.07+8.82 -8.432  <0.001
24 weeks 48.08+28.07 27.23+18.15 0.02+1226  -13.26x11.52 -8.022  <0.001
48 weeks 50.55+28.61 27.33+18.18 245+13.52  -13.16x11.53 -7.963  <0.001

“Negative change scores indicate improvement and positive change scores indicate worsening compared with the baseline. "Change from

baseline in NBP treatment group vs. control group. NBP, DL-3-n-butylphthalide.
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Figure 3. Change from baseline scores for all outcomes in the two groups. Change from baseline in (A) the Bradykinesia plus rigidity scores, (B) tremor scores,
(C) Pittsburgh sleep quality index scores and (D) Parkinson's disease 39-items questionnaire scores, at 12, 24 and 48 weeks. Negative change scores indicate
improvement and positive change scores indicate worsening in the respective scores. Values are expressed as the mean + standard error of the mean. “P<0.01

vs. control group. NPB, DL-3-n-butylphthalide.
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dendritic thorns, attenuating neural inflammatory responses
by reducing oxidative stress, decreasing nuclear fragmenta-
tion, retaining the mitochondrial membrane potential (7), and
activating autophagy-mediated a-synuclein degradation (22).

Previous animal experiments performed by our group
indicated that NBP reduces microglial activation in mice
with LPS-induced PD. LPS is closely associated to the patho-
genesis of PD (23,24) and is derived from the components of
Gram-negative bacterial cells, which are common in the intes-
tinal flora. The intestinal flora is closely linked to the immune
system, including the nervous system (25), and intestinal flora
imbalances are associated with PD (23,26). A dysregulation
of the intestinal flora and intestinal inflammation lead to
increased intestinal mucosal permeability, resulting in LPS
entering the body and causing neuroinflammation. During
this process, the intestinal nerve is the first to be affected and
constipation and other non-motor symptoms appear at the
early stages. As these lesions move along the vagus nerve, the
brain stem, midbrain and cerebral cortex are involved, leading
to sleep disorders, symptoms of mobility disorders and cogni-
tive impairment (23,26,27). The clinical manifestations for the
PD subtype of this pathogenesis are NMS at the early stage
and primarily non-tremor (bradykinesia plus rigidity) move-
ment symptoms at the later stage (1). As expected, the results
of the present study indicated that NBP mainly improved
the bradykinesia plus rigidity symptom in patients with PD.
Therefore, it is likely that the mechanism of NBP in PD may
be the attenuation of neural inflammatory responses, which
elicits a neuroprotective effect and improves and prevents PD
development.

The present results demonstrated a favorable effect of NBP
in the treatment of PD patients with sleep disorders. Sleep
disorders are a common NMS of PD that occurs due to lesions
located in the medulla oblongata in the brain stem. There are
two possible mechanisms by which NBP may improve sleep
disorders in patients with PD. First, similar to how NBP
improves the bradykinesia plus rigidity symptom of PD, NBP
may exert neuroprotective effects through attenuation of neuro-
inflammatory responses. Furthermore, NBP was first purified
from the seeds of Apium graveolens (Water celery) in 1978 at
the Institute of Medicine of the Chinese Academy of Medical
Sciences, inspired by a folk prescription for ‘boiling of sailboat
canvas and celery seeds together in water for the treatment
of epilepsy’, and in 1980, the compound was synthesized at
the same institute for the first time (28). The pharmacological
tests at that time demonstrated that NBP exhibited significant
effects on the CNS, including anti-convulsant and sedative
actions. This sedative effect may be one of the mechanisms by
which NBP improves sleep disorders in PD.

Of note, the present study have several limitations. First,
it was not a double-blinded trial, as it was not possible to
perform blinding with respect to regular medication and
compliance with the follow-up questionnaire. Furthermore,
the sample size was small. Finally, the control group was not
given a placebo drug. However, these issues were minor, as the
participants did not know the group assignment until baseline
testing was completed and the evaluators did not know it either
until the study was completed.

In conclusion, the present preliminary study suggested
that 6 months of NBP treatment was effective for improving
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bradykinesia plus rigidity and sleep quality in patients with
PD, providing a promising option for early intervention in this
disease. Future experiments with larger sample sizes and a
longer duration are required to further test the efficacy of NBP
in PD and its different subtypes.
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