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Abstract

Background Spasticity is a hallmark of hereditary spastic paraplegia (HSP) and contributes to gait impairment.
Alpinia zerumbet oil (Ziclague®) is a topical anti-spastic agent approved in Brazil, but not yet explored in HSP. Then, it
was designed a randomized, placebo-controlled, double-blind, crossover trial to evaluate the efficacy and safety of
Ziclague® in patients with HSP: the ZISPAST trial.

Methods Each participant was randomly assigned to receive 0.8 mL of Ziclague® dermal applications (0.064 mL

of Alpinia Zerumbet equally divided in each adductor magnus and each triceps surae) or placebo 0.9%. The primary
endpoint was change from baseline in self-selected gait velocity and secondary endpoints included changes in
maximal gait velocity, walking endurance, spasticity, muscle strength, Spastic Paraplegia Rating Scale, pain, fatigue,
quality of life and post-treatment perceived change and general impression. Adverse events (AE) were also recorded.

Results Fifty-seven patients were enrolled, 37 (64.9%) of whom were men and 50 (87.7%) with pure phenotype.
Mean age was 44 (£ 11.6; range, 22 to 74), mean age of onset 23 (+ 16.6; range, < 1 to 62) and mean disease duration
21 (£13.1; range, 2 to 54) years. Compared to baseline, there were no significant between-group differences in
primary and secondary outcomes. There were few AEs, all of them mild. Incidence of AE was similar between
treatment arms (p=0.56).

Conclusions Ziclague® was safe in patients with HSP, but it was not able to improve gait velocity considering
methods and protocol used.

Trial registration number U1111-1218-2539. Registered 28 August 2018, https://ensaiosclinicos.gov.br/rg/RBR-83xh
37.

Highlights
- Positive studies led to a RCT of Ziclague® in patients with HSP.
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« Dermal Ziclague® did not improve motor, non-motor symptoms and quality of life.
. Placebo effect occurred in cognitive domain of fatigue and maximal gait velocity.
- Alternative outcomes might provide more benefits in trials to come in HSP.

« 0.8 mL of Ziclague® dermal applications were safe and well-tolerated.
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Introduction

Hereditary spastic paraplegia (HSP) represents a large
group of monogenic disorders with 93 causative genes
identified to date [1-4]. The prevalence of this condition
reaches up to 9.6 cases per 100,000 [5]. Much has been
learned on the genetic underpinnings and mechanisms
underlying HSP subtypes in the past decade, but unfor-
tunately this has not yet translated into mechanistic or
disease-modifying therapies for this burdensome disor-
der. Currently, symptomatic interventions seem closer
to clinical application, such as anti-spastic agents. Lower
limb spasticity is indeed the core feature in all HSP sub-
types. It greatly contributes to gait dysfunction, postural
abnormalities, pain and fatigue in individuals with HSP
[6-8].

Even though there are many pharmacological and
non-pharmacological agents to treat spasticity in gen-
eral, there are insufficient studies specifically looking at
HSP-related spasticity. Furthermore, the available reports
rely upon small and heterogeneous cohorts, and vari-
able endpoints [9, 10]. This is indeed the case of some
reports using chemical denervation and neuromodula-
tion [11-21]. So far, there are few randomized placebo-
controlled trials involving subjects with HSP [22-24].
In one study, Diniz et al. found botulinum toxin to be
safe, reducing the spasticity, but not effective in improv-
ing gait velocity and in the two others studies, neuro-
modulation also decreased spasticity, but did not change
mobility and quality of life. So, management of HSP-
related spasticity still represents an unmet medical need.
Some recent and small studies have shown that the der-
mal application of the essential oil of Alpinia zerumbet
(brand name: Ziclague®) improves spasticity in patients
with cerebral palsy and stroke [25-31]. The active com-
ponent within this medicine is a potent L-type calcium
channel modulator [32, 33], with biological effects in
both smooth and skeletal muscle. Ziclague® has been
approved as an adjunctive therapy for spasticity in 2014
by the Brazilian Health Regulatory Agency, its national
agency of drug administration, under registration num-
ber 1,155,700,690,025, and since then, shown to be safe
and convenient for clinical use according to the opinion
of some clinicians and previous studies [25-31]. This
medicine has not yet been tested in HSP, so we designed
a randomized, placebo-controlled, double-blind, cross-
over trial to evaluate the clinical efficacy and safety of
Ziclague® in patients with HSP - the ZISPAST trial.

Methods

Patients selection and randomization

Patients were selected from the University of Campinas
(UNICAMP) Neurogenetics Outpatient Clinic in Campi-
nas, Sao Paulo, Brazil from September 2018 to November
2019, after institutional review board (IRB) approval and
written consent. They needed to meet all of the following
inclusion criteria: (1) clinical features of HSP: predomi-
nant or exclusive lower limb spasticity, with or with-
out weakness and with pyramidal signs on neurological
examination; (2) presence of resting and dynamic clini-
cally-relevant spasticity in the following muscles: adduc-
tors and triceps surae with relatively preserved strength;
(3) whole-exome sequencing (WES) revealing a likely
pathogenic or pathogenic variant according to American
College Medical Genetics in a known HSP-causing gene
or inconclusive result (no variant found) with positive
familial history in at least one more generation pedigree;
(4) age between 18 and 80 years; (5) ability to walk for at
least 14 m without stopping (assistive devices were per-
mitted) and (6) exclusion of all acquired causes of spas-
tic paraplegia (neural axis MRI, nerve conduction study
and electromyography, cerebrospinal fluid analysis and
infectious, inflammatory and metabolic screening were
performed).

Patients could not meet any of the following exclusion
criteria: (1) presence of signs and symptoms other than
spasticity that significantly compromise the walking abili-
ties, such as gait ataxia, lower motor neuron dysfunction,
peripheral neuropathy or fixed muscle contractures; (2)
to be wheelchair bound; (3) Modified Ashworth Scale
(MAS) [34] greater than 3 in adductors, triceps surae,
quadriceps or hamstrings; (4) Muscle strength assessed
by the Medical Research Council (MRC) scale [35] less
than 4 in adductors, triceps surae, quadriceps or ham-
strings; (5) dementia and/or mental retardation; (6) cur-
rent botulinum toxin injections or the last injection less
than six months ago; (7) pregnancy or breastfeeding; (8)
refusal to sign a consent form. Those using oral continu-
ous medications were instructed to keep stable doses
throughout the study.

All included patients were randomized using the sim-
ple randomization method with a 1:1 allocation ratio by a
clinical-research nurse, on the website www.randomizer.
org [36], to receive dermal applications of Ziclague® or
placebo. She was the only unblinded investigator and did
not deal with patient care or outcome evaluation.


http://www.randomizer.org
http://www.randomizer.org
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Study design and intervention

ZISPAST was a pragmatic, randomized, placebo-con-
trolled, double-blind, crossover, phase 3, investiga-
tor initiated trial performed at the UNICAMP Clinical
Research Center. Ziclague® (0.08 ml of Alpinia zerumbet
essential oil/mL) is a antispasmodic medication in the
pharmaceutical form of an oily solution, produced and
manufactured in Brazil, stored in an aluminum bottle,
for topical administration, via spray (0.2 ml of Ziclague®/
spray) to the skin over the muscle of interest.
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Enrolled participants were evaluated during 4 vis-
its (Fig. 1): in the first (V1), they were evaluated for the
outcome measures and were treated daily with either
Ziclague® (Alpinia Zerumbet essential oil) or placebo
(vegetal oil vehicle without the drug) during 4 weeks.
The measures were re-evaluated within 4 weeks in the
second visit (V2) and a one-week interval was permitted.
After 4 weeks, an arbitrary and safe time period to ensure
total Ziclague® washout, treatment groups were switched
(crossover point). Then, in the third visit (V3), patients

( 57 patients enrolled )

C Randomization )

V1
C 4 weeks ) Dermara\: Znsgquef\g [DermNal pzlgcebo 5 patients
application application dropped out
V2
( 4 weeks ) C Crossover)
V3
N=26 j [ N =26
( 4 weeks ) Dermal Ziclague® Dermal placebo
application application
V4

( Analysis of the results )

Fig. 1 Study design and intervention. Left boxes represent the 4 visits (V1, V2, V3 and V4) in which patients were evaluated and the time intervals be-

tween evaluations
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were evaluated once more and submitted to daily der-
mal applications thereafter for another 4 weeks. The final
visit (V4) occurred 4 weeks after the second application
course (Fig. 1). Considering the rarity of HSP and the
comparison of the effects of treatment within subjects, a
crossover design was chosen.

Each patient received four jet sprays of Ziclague® (a
total of 0.8 mL that corresponds to 0.064 mL of Alpinia
zerumbet essential oil), one on each adductor and one
on each triceps surae, or four jets of placebo (a vegetal
oil vehicle without the drug and with physical aspects
indistinguishable from its own), distributed in the same
way. Medicine bottles were distributed by the nurse in a
separate room according to the randomization and were
delivered to the physiotherapist in order to perform the
dermal application with her hands wearing gloves. Dur-
ing the procedure, she instructed the patient, clarified all
their doubts so that she/he could perform the application
alone at home and provided them with two boxes of 100
pairs of gloves. The same nurse made a daily telephone
call to all patients to remind them to use the medication
and ask them about the previous day, write down this
information in a diary and ensure if they had any prob-
lems with administration and resolve any doubts, ensur-
ing its daily use. The doses of two spray jets in each leg
were used since these are the maximal doses on the regis-
tered dug label.

Outcome measures

The primary outcome measure was change in gait at self-
selected velocity 4 weeks after treatment. It was evalu-
ated through the 10-meter walking test (10mWT), in
which patients walked barefoot conforming with their
comfortable velocity, used in everyday life, for a 14-meter
distance (2 m accelerating, the middle 10-meter used for
the measurement and 2 meters’ deceleration distance)
[37], three times in a row and they were permitted to rest
between each trial if needed. The self-selected gait veloc-
ity in meters per second was calculated based on mean
time obtained from the three attempts.

Secondary outcomes included changes at 4 weeks’
post-treatment in the following: (1) maximal gait veloc-
ity with the same 10mW T protocol performed before; (2)
walking endurance using 6-minute walking test (6MWT),
in which patients walked twice and barefoot at their rou-
tinely self-selected gait, during 6 min in a 30 m stretch
of unimpeded walkway, 60 min apart each one, and the
mean distance was calculated. Total distance in meters
was measured. A standardized encouragement was per-
formed during the test, without influencing the patient’s
walking velocity, and stops were permitted; (3) adduc-
tors as well as triceps surae were evaluated relative to
changes in muscle tone (MAS, range 0-4) and strength
(MRC, range 0-5); [34, 35] (4) Spastic Paraplegia Rating
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Scale (SPRS, range 0-52); [38] (5) monthly frequency
of cramps and spasms; (6) Brief Pain Inventory (BPI),
which was separated in two domains: pain severity (BPI-
S, range 0-10) and pain interference (BPI-I, range 0—10);
[39] (7) fatigue according to the total Modified Fatigue
Impact Scale (MFIS, range 0—-84) and also by calculating
its individual subscale scores for physical (MFIS-P, range
0-36), cognitive (MFIS-C, range 0—40) and psychosocial
(MFIS-PS, range 0-8) functioning; [40] (8) health-related
quality of life, measured by the Short Form Health Sur-
vey (SE-36, range 0-100) [41], (9) post-treatment percep-
tion of change, evaluated by the Perceived Change Scale
— Patient (PCS-P) [42], and (10) general impression of the
treatment, in which patients were interviewed regard-
ing general sensation of worsening, maintenance or
improvement. The outcomes were evaluated by a single
board-certified neurologist (gait velocity, strength, spas-
ticity and SPRS) and a single neurology-trained physio-
therapist (pain, fatigue, monthly frequency of cramps and
spasms, quality of life, perception of change and general
impression). Both were blinded and not involved in any
other study-related procedures.

The team extensively emphasized to patients to regu-
larly carry on their standard rehabilitation regimen, con-
sisting of individualized physiotherapy program 3 times
a week and additionally to perform the HSP-UNICAMP
protocol of 3 sets of 45 s followed by a 15-second interval
of balance (static and dynamic) and stretching (adduc-
tors, triceps surae, quadriceps, hamstrings and gluteus)
exercises daily during all the course of the study, both
as previously prescribed at UNICAMP outpatient clinic
during their follow up. This protocol complements phys-
iotherapy in order to maintain or improve muscle acti-
vation and mobility, optimize performance in routine
activities and prevent muscle contractures and its con-
sequences. Patients were trained by the physiotherapist
to execute the sessions and received an illustrative folder
before study initiation.

For safety assessment, patients were actively asked by
the physiotherapist using a questionnaire regarding the
occurrence of blood pressure reduction, somnolence,
weakness, worsening gait, worsening falls, pain, local
allergy and others. They received a diary to record the
occurrence of adverse effects, cramps and spasms, which
was previously instructed on how to use it to facilitate the
reliability of the data and the interview.

Statistical analysis

Sample size calculation

The necessary sample size calculation was based on pre-
vious study [14, 22]. They assumed a between-treatment
effect of 12%, a power of 80% and a significance level at
0.05. Then, the estimated sample size was 49 patients.
Considering a loss of follow up of 10% during the course
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Table 1 Baseline characteristics of patients

Patients (n=57)

General features

Age, yo — mean value (SD; range) 44 (£11.6; 22-74)
Age at onset, yo — mean value (SD; range) 23 (£16.6; < 1-62)
Disease duration, years (i 3.1, 2-54)
Sex, Men — number (%) 7 (64.9%)
Use of assistive device — number (%) (86 0%)
Phenotype
Pure, number (%) 50 (87.7%)
Complicated, number (%) 7 (12.3%)
Type
SPG4 19 (33.3%)
SPG3A 6 (10.5%)
SPG8 5 (8.8%)
SPG7 3(5.3%)
X-linked adrenomyeloneuropathy 2(3.5%)
SPG5 2 (3.5%)
SPG33 2 (3.5%)
SPG72 2(3.5%)
SPG76 2(3.5%)
SPG6 1(1.8%)
PLA2G6-associated 1(1.8%)
Inconclusive WES 10 (17.5%)

Baseline characteristics of patients: general features, phenotype and type of
HSP. SD, standard deviation; WES, whole exome sequencing; yo, years old

of the study, the target sample size was at least 54
patients.

Efficacy and safety evaluation

Kolmogorov-Smirnov test was used to assess the data
distribution. Succeeding, baseline characteristics and
outcomes 4 weeks after each treatment were described
after calculating means, standard deviations and range.
Generalized estimating equations (GEE) were applied to
compare the effect of the treatment with Ziclague® versus

Table 2 Primary and motor secondary outcomes
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placebo on the primary and secondary outcomes. Binary
outcome (binomial distribution) was assumed for MAS,
MRC and perception of change, which were measured on
an ordinal scale, and a discretization indicating any wors-
ening post-treatment was used. McNemar’s test with
continuity correction was applied to compare adverse
effects. For all the tests, it was assumed a significance
level of a=0.05. R software was used to analyze all data,
according to the intention to treat principle, and Geepack
library [43] was applied to fit GEE models.

Results

Baseline characteristics and randomization

Baseline characteristics were shown in Table 1. All the
continuous variables presented a Gaussian distribution.
The 10 patients with no variants found on WES, pre-
sented clinical features of HSP and positive familial his-
tory, according to the inclusion criteria.

Five patients dropped out of the study (all before the
second visit) because they were unable to attend the four
visits. All patients using oral continuous medication kept
stable doses throughout the study, as well as completing
the rehabilitation program in accordance with what was
instructed.

Outcomes

The primary outcome, self-selected gait velocity, did not
change after treatment with Ziclague® when compared
to changes observed after placebo dermal application
(p=0.17). Comparing maximal gait velocity, we could
observe an increase in placebo group (p=0.04). Changes
did not occur in the other motor secondary outcomes,
as show in Table 2. Regarding the non-motor second-
ary outcomes, we noticed lower MFIS-C scores in the
placebo group compared to treatment (p=0.04) and

Ziclague® Placebo 95% Cl SE p-values
Pre Post Pre Post
Outcomes N=52 N=52 N=52 N=52
Primary outcome’
Self-selected gait velocity (m/s) 0.85 (+0.31) 0.86 (+0.34) 0.81 (+0.31) 0.86 (+0.31) [-0.07,0.01] 0.02 017
Secondary outcomes’
Maximal gait velocity (m/s) 1.17 (£0.44) 1.17 (£0.45) 1.11 (£0.46) 1.17 (£0.46) [-0.09,-0.01] 0.02 0.04
Endurance walking by 6MWT (m) 250.0 (£94.6) 2493 (+1034) 244.6 (+96.3) 2496 (+£95.1) [-14.70,4.90] 5.0 032
Spasticity (MAS)
Hip adductors muscles 1.69 (+0.79) 54 (+0.68) 1.74 (£0.85) 1.61 (£0.72) [-0.58,1.02] 041 0.59
Triceps surae muscles 1.88 (£0.77) 1.86 (£0.79) 1.85 (+0.87) 1.73 (£0.82) [-0.56, 1.04] 041 0.56
Muscle strength (MRC)
Hip adductors muscles 4.60 (+0.66) 4.58 (+0.79) 4.50 (+0.82) 4.58 (+0.70) NA 1.20 041
Triceps surae muscles 448 (+0.93) 4.54 (+0.79) 450 (+0.82) 4.56 (+0.82) [-0.51,2.19] 0.69 0.23

Primary and motor secondary outcomes: mean values (+standard deviation), 95% Cl, standard error and p-values, obtained by GEE models. Considered on patients
who completed at least two visits of the clinical trial (N=52). 6MWT, 6-minute walking test; Cl, confidence interval; MAS, modified Ashworth scale; MRC, Medical

Research Council scale; NA, not applicable; SE, standard error
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Table 3 Adverse events reported in ZISPAST trial

Ziclague® Placebo p-value’

N=52 N=52
Adverse events’ 18 (35.3%) 22 (43.1%) 0.55
Blood pressure reduction 5(9.8%) 4 (7.8%) 1.00
Somnolence 7 (13.7%) 8 (15.7%) 1.00
Weakness 1 (2.0%) 6 (11.8%) 0.13
Worsening gait 4 (7.8%) 4 (7.8%) 0.72
Worsening falls 1(2.0%) 1 (2.0%) 048
Pain 2 (3.9%) 2 (3.9%) 0.62
Local allergy 2 (3.9%) 0 (0%) 0.48
Others 5 (9.8%) 6 (11.8%) 1.00

Number of patients who experienced adverse events (%). Considered on
patients who completed at least two visits of the clinical trial (N=52)

there were no statistically significant results in the other
parameters, as illustrated in Fig. 2.

Safety

Adverse events (AE) occurred in 18 patients after treat-
ment with Ziclague®, involving blood pressure reduc-
tion, somnolence, weakness, worsening gait, worsening
falls, pain, local allergy and others (burning, pricking or
itching at the application site and nasal irritation or diz-
ziness after inhalation). Despite this, all patients who
participated in the 4 study visits were able to regularly
administer the medication throughout the study period.
Likewise, 22 patients experienced AE after placebo, 7 of
which in both treatments (Table 3). The AEs were tran-
sient and tolerable, and the overall incidence was not sig-
nificantly different between treatments (p = 0.56).
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Discussion

The ZISPAST trial set out to evaluate the efficacy and
safety of Ziclague® in patients with HSP, a rare group of
neurodegenerative and progressive diseases of the pyra-
midal tracts with motor and non-motor manifestations
[44]. Ziclague® is an herbal drug with antispastic proper-
ties, administered topically by dermal applications, pro-
duced in Brazil and marketed since mid-2014. Its active
ingredient is the Alpinia zerumbet essential oil, that is
rich in terpenes, natural substances consisting of at least
two compounds with the formula C;Hg, which block
muscle contraction in two ways: (1) by potent modulation
of voltage-dependent L-type calcium channels, which are
located in the transverse tubules, inhibiting the release of
Ca++from the sarcoplasmic reticulum through type 1
ryanodine receptors and (2) by promoting postsynaptic
competition of acetylcholine in smooth muscles recep-
tors, hence reducing muscle contraction and enabling
synergism with other drugs [24, 45, 46]. There are some
studies in the literature showing beneficial effects of
Ziclague® in reducing spasticity due to pyramidal lesions
in patients with cerebrovascular accidents, cerebral palsy
and spinal cord trauma [24, 47]. The ZISPAST trial, how-
ever, is the first study with Ziclague ° specifically looking
at lower limb spasticity and its impact on gait abilities.

Safety and outcomes were assessed based on a clinical
rationale of analyzing the effect of treatment in (1) the
main muscle groups involved in patients with HSP [48],
which plays fundamental role in kinematics, velocity,
width and walking quality [13, 16, 22, 49], (2) the main
non-motor symptoms reported by patients, such as pain
and fatigue [15, 50] and (3) quality of life and general
perceptions. Accordingly, it was performed in a random-
ized, placebo-controlled, double-blind, crossover trial.
In the design of this trial, the positive points and some
tips from previous studies, especially the SPASTOX
trial [22], were incorporated with the aim of minimiz-
ing limitations, increasing the reliability of the effects of
Ziclague® in these patients and making our approach as
effective as possible. Even taking all these precautions
into account, ZISPAST trial was a negative clinical trial.
With the current dosing and administration protocol, it
was not possible to achieve muscle relaxation and mini-
mize its motor consequences nor to reach benefits on
non-motor-symptoms. Despite that, the major lessons
learned after this trial are: Ziclague® is safe for patients
with HSP and is also easy-to-use and adhere to. Likewise,
running placebo-controlled clinical trials in HSP is some-
thing feasible.

The limitations of this trial enclose (1) the choice of
muscles, that could be personalized through a biome-
chanical assessment [18], (2) the dose of Ziclague®, which
despite being in accordance with the drug label and prior
studies [24, 47], it may have been insufficient, given the
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possibility of differences in the body surface and muscle
volume of the patients’ lower limbs, all of them influ-
enced by variability of their weight and height [51-53],
as well as age, previous muscular background [54, 55]
and degree of amyotrophy [4] and (3) the lack of previ-
ous structured controlled trials with Ziclague® to base the
time needed for treatment to achieve its effects, consider-
ing studies with evaluations after a single dose, 4 weeks,
12 weeks and 8 to 28 weeks [25, 27, 30, 31]. Although
the outcomes were negative, the ZISPAST trial was able
to offer the following insights: (1) based on the scores of
the applied scales and patients’ reports during the study
period, we may verify that the frequency of non-motor
complaints are really very common in patients with HSP,
in spite of being often neglected [16, 50] and perhaps for
this reason, proper attention is not given in clinical prac-
tice (and clinical trials) although they are important and
necessary outcome measures, and (2) taking into account
these results and those from all the previous randomized
controlled trials [22, 43, 44], it seems that either the cho-
sen outcomes are not the best for HSP or the spasmolytic
effects achieved have statistical significance but without
clinical repercussions or even both. In view of this, new
therapeutic strategies are necessary and alternative out-
comes, such as those obtained in a mobility lab using
wearable sensors and even from a future reformulation of
the SPRS scale could add more robust information, appli-
cability and, consequently, provide more benefits in the
design of trials to come.

In this scenario of negative outcomes, a placebo effect
appears to have been observed particularly in the cog-
nitive domain of fatigue (MFIS-C) and maximal gait
velocity. The expressive majority of those subjects who
presented improvement was in the first period of the
study, i.e., the first two visits, when study participa-
tion was an exciting novelty. These results are in line
with studies on processes and brain circuitry underly-
ing placebo effects over emotional and motivational
mechanisms that may induce a modulation of neu-
rotransmitters, which in turn is capable of reducing anxi-
ety and fatigue, thus improving attention, planning and
organizational skills, such as learning [56]. These neu-
robehavioral issues, may have provided gains in motor
performance, which translated during the trial into
improvement in maximum gait velocity. It points out an
indirect advantage of keeping up efforts to provide safe
treatments available to spasticity in these patients, as well
as researching new options.

Conclusion

The ZISPAST trial found that the treatment of spastic-
ity in patients with HSP using the drug Ziclague® was not
capable of reducing spasticity and producing functional
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improvement considering the application protocol and
measuring instruments applied, despite a safe profile.

Abbreviations

AE Adverse events

BPI Brief pain inventory

BPI-I Brief pain inventory, pain interference domain
BPI-S Brief pain inventory, pain severity domain

GEE Generalized estimating equations

HSP Hereditary spastic paraplegia

IRB Institutional Review Board

MAS Modified Ashworth scale

MFIS Modified fatigue impact scale

MFIS-C Modified fatigue impact scale, cognitive subscale
MFIS-P Modified fatigue impact scale, physical subscale
MFIS-PS Modified fatigue impact scale, psychosocial subscale
MRC Medical Research Council

NA Not applicable

PCS-P Perceived change scale - patient

SF-36 Short form health survey

SPG Spastic Paraplegia

SPRS Spastic paraplegia rating scale

UNICAMP  University of Campinas

WES Whole-exome sequencing

10mWT 10-meter walking test

6MWT 6-minute walking test

Acknowledgements

The authors thank the research participants, their study partners, ASPEC
Brasil and the members of staff of UNICAMP Clinical Research Center for their
commitment to this work, cordiality and support.

Author contributions

FDL and MCH wrote the manuscript. FDL, ARMM and MCFJ designed the
research methodology. FDL, KRS, CGS and MFRB collected data. FDL, MCFJ, TB,
BSC interpreted and analyzed data. FDL, KRS, MFRB, CGS, ARMM, TB, BSC, JLP,
OGPB, AN, MCFJ reviewed and edited the final manuscript.

Funding

This study received support by Hebron Pharmaceuticals, which provided the
Ziclague® and the necessary supplies for the application. It was an investigator
initiated study and the pharmaceutical company did not interfere in data
analysis, design and draft of the manuscript.

Data availability

The data that support the findings of this study are not openly available due
to an ethical issue by the UNICAMP IRB. If there is interest, the corresponding
author and chief investigator Prof. Dr. Franga Jr should be contacted to
request the possibility of sharing with the UNICAMP IRB. Then, all individual
de-identified participant data from the ZISPAST trial, its clinical protocol and
statistical analysis plan will be shared with qualified researchers. Qualified
researchers include those who agree to use the shared study data and
materials ethically and exclusively for similar research or that contributes to
the field of hereditary spastic paraplegia, the results of which will be made
public promptly upon their generation.

Declarations

Ethics approval and consent to participate

This study complied with Good Clinical Practice guidelines and the
International Organization for Standardization. It was approved by UNICAMP
IRB (CAAE 83303918.2.0000.5404) and was registered at ensaiosclinicos.gov.
br (REQ6758). All participants signed an informed consent before any study-
related procedure.

Consent for publication
Written consent for publication was obtained from all participants of the
study.

Page 8 of 9

Competing interests

The authors report no competing interests and declare that they have

not received any sort of funding from any institution, including personal
relationships, interests, grants, employment, affiliations, patents, inventions,
honoraria, consultancies, royalties, stock options/ownership, or expert
testimony for the last 12 months.

Author details

'Department of Neurology, University of Campinas (UNICAMP),
Campinas, Brazil

“Department of Statistics, University of Campinas (UNICAMP), Campinas,
Brazil

Department of Neurology, Federal University of Sao Paulo (UNIFESP), Sao
Paulo, Brazil

Received: 25 June 2024 / Accepted: 19 August 2025
Published online: 24 September 2025

References

1. Schule R, Wiethoff S, Martus P, et al. Hereditary spastic paraplegia: clinicoge-
netic lessons from 608 patients. Ann Neurol. 2016;79(4):646-58.

2. Morsy H, Benkirane M, Cali E, et al. Expanding SPTANT monoallelic variant
associated disorders: from epileptic encephalopathy to pure spastic paraple-
gia and ataxia. Genet Med. 2023;25:76-89.

3. Martinello C, Panza E, Orlacchio A. Hereditary spastic paraplegias proteome:
common pathways and pathogenetic mechanisms. Expert Rev Proteom.
2023;20(7-9):171-88.

4. Elsayed LEO, Eltazi 1Z, Ahmed AE, Stevanin G. Insights into clinical, genetic,
and pathological aspects of hereditary spastic paraplegias: A comprehensive
overview. Front Mol Biosci. 2021;8:690899.

5. Ruano L, Melo C, Silva MC, Coutinho P. The global epidemiology of hereditary
ataxia and spastic paraplegia: a systematic review of prevalence studies.
Neuroepidemiology. 2014;42(3):174-83.

6.  Serrao M, Rinaldi M, Ranavolo A, et al. Gait patterns in patients with heredi-
tary spastic paraparesis. PLoS ONE. 2016;11(10):e0164623.

7. Klebe S, Stolze H, Kopper F, et al. Gait analysis of sporadic and hereditary
spastic paraplegia. J Neurol. 2004,251:571-8.

8. Nonnekes J, van Lith B, van de Warrenburg BP, Weerdesteyn V, Geurts ACH.
Pathophysiology, diagnostic work-up and management of balance impair-
ments and falls in patients with hereditary spastic paraplegia. J Rehabil Med.
2017;49(5):369-77.

9. DiFabioR, Storti E, Tessa A, Pierelli F, Morani F, Santorelli FM. Hereditary spas-
tic paraplegia: pathology, genetics and therapeutic prospects. Expert Opin
Orphan Drugs. 2016;4(4):429-42.

10. Bellofatto M, De Michele G, lovino A, Filla A, Santorelli FM. Management of
hereditary spastic paraplegia: a systematic review of the literature. Front
Neurol. 2019;10:3.

11.  Rousseaux M, Launay MJ, Kozlowski O, Daveluy W. Botulinum toxin
injections in patients with hereditary spastic paraparesis. Eur J Neurol.
2007;14(2):206-12.

12. Hecht MJ, Stolze H, Auf dem Brinke M, et al. Botulinum neurotoxin type A
injections reduce spasticity in mild to moderate hereditary spastic paraple-
gia—report of 19 cases. Mov Disord. 2008;30:228-33.

13. Geva-Dayan K, Domenievitz D, Zahalka R, Fattal-Valevski A. Botulinum toxin
injections for pediatric patients with hereditary spastic paraparesis. J Child
Neurol. 2010;25(8):969-75.

14.  De Niet M, de Bot ST, van de Warrenburg BP, Weerdesteyn V, Geurts AC.
Functional effects of botulinum toxin type-A treatment and subsequent
stretching of spastic calf muscles: a study in patients with hereditary spastic
paraplegia. J Rehabil Med. 2015;47(2):147-53.

15. Riccardo M, Angela L, Angela D, et al. Combined treatment Fktbotulinum
toxin type A (Btx-A) in patients with Strumpell-Lorrain disease. Curr Pharm
Des. 2016;22(6):758-63.

16. Servelhere KR, Faber |, Martinez A, et al. Botulinum toxin for hereditary spastic
paraplegia: effects motor and non-motor manifestations. Arq Neuropsiquiatr.
2018;76(3):183-8.

17. van Lith BJH, den Boer J, van de Warrenburg BPC, Weedersteyn V, Geurts AC.
Functional effects of botulinum toxin type A in the hip adductors and sub-
sequent stretching in patients with hereditary spastic paraplegia. J Rehabil
Med. 2019;51(6):434-41.



Lima de et al. Orphanet Journal of Rare Diseases

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

(2025) 20:481

Paparella G, Vavla M, Bernardi L, Girardi G, Stefan C, Martinuzzi A. Efficacy of

a combined treatment of botulinum toxin and intensive physiotherapy in
hereditary spastic paraplegia. Front Neurosci. 2020;14:111.

Antczak J, Pera J, Dabros M, et al. The effect of repetitive transcranial mag-
netic stimulation on motor symptoms in hereditary spastic paraplegia. Neural
Plast. 2019;2019:1-9.

Chen' S, Zhou Z, Ren M, et al. Case report: high-frequency repetitive transcra-
nial magnetic stimulation for treatment of hereditary spastic paraplegia type
11. Front Neurol. 2023;14:1162149.

Carra RB, Silva GD, Paraguay BB, Diniz de Lima F, Menezes JR, Pineda AM,
Nunes GA, Simdes JDS, Franga MC Jr, Cury RG. Controversies and clinical
applications of Non-Invasive transspinal magnetic stimulation: A critical
review and exploratory trial in hereditary spastic paraplegia. J Clin Med.
2022;11(16):4748.

Diniz de Lima F, Faber |, Servelhere KR, et al. Randomized trial of botulinum
toxin type A in hereditary spastic paraplegia - the SPASTOX trial. Mov Disord.
2021;36(7):1654-63.

Ardolino G, Bocci T, Nigro M, et al. Spinal direct current stimulation (tsDCS)

in hereditary spastic paraplegias (HSP): A sham-controlled crossover study. J
Spinal Cord Med. 2021;44:46-53.

Bastani PB, Kordjazi M, Oveisgharan S, Abdi S. A randomized controlled trial
of the effect of repetitive transcranial magnetic stimulation of the motor
cortex on lower extremity spasticity in hereditary spastic paraplegia. J Clin
Neurophysiol Off Publ Am Electroencephalogr Soc. 2021;40:173-9.

Candido EAF, Xavier-Filho L. [Feasibility of using essential oil of Alpinia zerum-
bet, zingiberaceae, the optimization of physical therapy in spastic cerebral
palsy]. Brazilian Neurosurg. 2012;31(3):110-5.

Maia MO, Dantas CG, Xavier Filho L, Candido EA, Gomes MZ. The effect of
Alpinia Zerumbet essential oil on Post-Stroke muscle spasticity. Basic Clin
Pharmacol Toxicol. 2016;118(1):58-62.

Céndido JF, Meneses DCS, Carvalho-Neto JN, Xavier-Filho L, Candido EAF.
Subacute and chronic treatment with herbal medicine essential oil the
Alpinia Zerumbet associated with kinesiotherapy on patient with muscle
spasticity: cases series. [JRSB. 2017,5(10):1-6.

Oliveira TVC, Meneses DCS, Santana ICJ, et al. Correlation of spasticity

with functionality of spastic individuals after physiotherapy treatment
associated with herbal medicine derived from Alpinia Zerumbet. IJRD.
2018,8(1):18443-7.

Meneses DCS. [Avaliagao funcional de tronco e membros superiores tratadas
com cinesioterapia e Ziclague® (Master’s thesis)]. Aracaju, Brazil: Tiradentes
University; 2019.

Martins JS, Golin MO. Effects of Ziclague phytotherapic associated with
kinesitherapy on the equine foot of children with spastic cerebral palsy. Man
Therapy Posturology Rehabilitation J. 2020;18:1-8.

Doérea MS, Eduardo FMC, Vara MFF, Santos EL. Efeitos do Fitoférmaco
Ziclague® sobre a espasticidade, amplitude de movimento e Funcionalidade
global Em Paciente com quadriparesia espéstica — estudo de Caso. RBPICS.
2021;1(1):47-60.

Mendonga VLM, Oliveira CLA, Craveiro AA, Rao VS, Fonteles MC. Pharmaco-
logical and toxicological evaluation of Alpinia species. Mei Inst Oswaldo Cruz.
1991,86(2):93-7.

Bezerra MA, Leal-Cardoso JH, Coelho-De-Souza AN, Criddle DN, Fonteles MC.
Myorelaxant and antispasmodic effects of the essential oil of alpine species
on rat ileum. Phytother Res. 2000;14(7):549-51.

Bohannon RW, Smith MB. Interrater reliability of a modified Ashworth scale of
muscle spasticity. Phys Ther. 1987,67(2):206-7.

Compston A. Aids to the investigation of peripheral nerve injuries. Medical
Research Council: Nerve Injuries Research Committee. His Majesty’s Statio-
nery Office: 1942; p. 48 (iii) and 74 figures and 7 diagrams; with aids to the
examination of the peripheral nervous system. By Michael O'Brien for the
Guarantors of Brain. Saunders Elsevier: 2010; p. [8] 64 and 94 Figures. Brain
2010;133(10):2838-2844.

Urbaniak GC, Plous S. Research Randomizer (Version 4.0) [Computer soft-
ware]. Accessed February 1, 2025. http://www.randomizer.org

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

Page 9 of 9

Salbach NM, Mayo NF, Higgins J, Ahmed S, Finch LE, Richards CL. Responsive-
ness and predictability of gait speed and other disability measures in acute
stroke. Arch Phys Med Rehabil. 2001;82(9):1204-12.

Servelhere KR, Faber |, Coan AC, Franca MC Jr. Translation and validation

into Brazilian Portuguese of the spastic paraplegia rating scale (SPRS). Arq
Neuropsiquiatr. 2016;74(6):489-94.

Ferreira KA, Teixeira MJ, Mendonza TR, Cleeland CS. Validation of brief

pain inventory to Brazilian patients with pain. Support Care Cancer.
2011;19(4):505-11.

Pavan K, Schmidt K, Marangoni B, Mendes MF, Tilbery CP, Lianza S. [Multiple
sclerosis: cross-cultural adaptation and validation of the modified fatigue
impact scale]. Arg Neuropsiquiatr. 2007,65(3-A):669-73.

Laguardia J, Campos MR, Travassos CM, Najar AL, Anjos LA, Vasconcellos MM.
Psychometric evaluation of the SF-36 (v.2) questionnaire in a probability
sample of Brazilian households: results of the survey pesquisa Dimensoes
sociais Das desigualdades (PDSD), Brazil 2008. Health Qual Life Outcomes.
2011,9:61.

Bandeira M, Felicio CM, Cesario L. Validation of the perception of change
Scale - Family version (EMP-F) as a treatment outcome measure in mental
health services. Braz J Psychiatry. 2010;32(3):283-7.

Liang KY, Zeger SL. Longitudinal data analysis using generalized linear mod-
els. Biometrika. 1986;73:13-22.

Shribman S, Reid E, Crosby AH, Houlden H, Warner TT. Hereditary spastic
paraplegia: from diagnosis to emerging therapeutic approaches. Lancet
Neurol. 2019;18(12):1136-46.

Santos BA, Roman-Campos D, Carvalho MS, et al. Cardiodepressive effect elic-
ited by the essential oil of Alpinia speciosa is related to L-type Ca 2+ current
Blockade. Phytomedicine. 2011;18(7):539-43.

Menezes-Rodrigues FS, Pires-Oliveira M, Duarte T, Paredes-Gamero EJ, Chia-
vegatti T, Godinho RO. Calcium influx through L-type channels attenuates
skeletal muscle contraction via Inhibition of adenylyl cyclases. Eur J Pharma-
col. 2013;720(1-3):326-34.

Ferreira MER, Santos TM, Meneses DCS, Freitas MM, Candido EAF. Andlise

das alteragcdes comportamentais em modelo experimental de traumatismo
raquimedular em tratamento com o uso do Ziclague®. lll CIAFIS 2017;1(1).
Fink JK. Hereditary spastic paraplegia: clinical principles and genetic
advances. Semin Neurol. 2014;34(3):293-305.

Roelker SA, Bowden MG, Kautz SA, Neptune RR. Paretic propulsion as a
measure of walking performance and functional motor recovery post-stroke:
a review. Gait Posture. 2019;68:6-14.

Rattay TW, Boldt A, Volker M, Wiethoff S, Hengel H, Schiile R, Schéls L. Non-
motor symptoms are relevant and possibly treatable in hereditary spastic
paraplegia type 4 (SPG4). J Neurol. 2020;267(2):369-79.

Du Bois D, Du Bois EF. A formula to estimate the approximate surface area if
height and weight be known. Arch Intern Med. 1916;17(6):863-71.

Mosteller RD. Simplified calculation of body surface area. N Engl J Med.
1987;317(17):1098.

Lind DG. Body surface area: a comparison of the surface area formulas. J
Investig Med. 1988;36(5):397-401.

Létocart AJ, Mabesoone F, Charleux F, et al. Muscles adaptation to aging and
training: architectural changes — a randomised trial. BMC Geriatr. 2021;21:48.
Distefano G, Goodpaster BH. Effects of exercise and aging on skeletal muscle.
Cold Spring Harb Perspect Med. 2018;8(3):a029785.

Wager TD, Atlas LY. The neuroscience of placebo effects: connecting context,
learning and health. Nat Rev Neurosci. 2015;16(7):403-18.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://www.randomizer.org

	﻿Ziclague﻿®﻿ (﻿Alpinia Zerumbet﻿ oil) in patients with hereditary spastic paraplegia - the randomized controlled ZISPAST trial
	﻿Abstract
	﻿Highlights
	﻿Introduction
	﻿Methods
	﻿Patients selection and randomization
	﻿Study design and intervention
	﻿Outcome measures
	﻿Statistical analysis
	﻿Sample size calculation
	﻿Efficacy and safety evaluation


	﻿Results
	﻿Baseline characteristics and randomization
	﻿Outcomes
	﻿Safety

	﻿Discussion
	﻿Conclusion
	﻿References


