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ABSTRACT: Background: A number of cases
of severe parkinsonism-dystonia have been recog-
nized and reported following the illicit use of
ephedrone prepared from pseudoephedrine and
potassium permanganate. The pathology associ-
ated with ephedrone neurotoxicity has not been
described yet in the scientific literature.
Objectives: To report the first neuropathological
study of ephedrone toxicity.
Methods: The brain of a 33-year-old Ukrainian female
ex-ephedrone addict with a long history of L-dopa-
unresponsive parkinsonism with dysarthria, dystonia,
profound postural instability, cock-gait, and frequent
falls, and on antiretroviral treatment, was examined
using routine stains and immunohistochemistry.
Results: Neuropathological findings included diffuse
pallidal astrogliosis without neuronal depletion. There
was also widespread vascular pathology with small
vessels occluded by foreign material, associated with
giant cell response without any evidence of conse-
quent focal infarction and a cerebellar abscess.
Conclusions: Clinical findings of L-dopa-unresponsive
parkinsonism with dystonia, caused by illicit use of
ephedrone, are fully consistent with neuropathological
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changes in the pallidum, lack of change in the SN,
and preserved tyrosine hydroxylase activity. The find-
ings in the basal ganglia are compatible with manga-
nese toxicity. The vascular pathology is likely a joint
effect of infection and the ephedrone toxicity on the
vessels. © 2020 International Parkinson and Move-
ment Disorder Society

Key Words: dystonia; ephedrone encephalopathy;
manganism; methcathinone; parkinsonism

Ephedrone-induced neurotoxicity has been recognized
in several hundred young adults from the countries of the
former USSR and Eastern Europe, who used kitchen
chemistry to try to produce a psychostimulant called
methcathinone. Levodopa-unresponsive hypokinesia,
rigidity, dystonia with a cock-gait, dysarthria, and postural
instability with falls backward are common clinical find-
ings, and there are characteristic high-signal changes on
MRI T1 imaging.1-6 Methcathinone is an amphetamine-
like substance known as ephedrone, “jeff,” or “talker” in
post-Soviet countries. It is produced by the oxidation of
potassium permanganate in the presence of acetic acid and
pseudoephedrine, contained in over-the-counter pharma-
ceutical preparations.7,8 Intravenous injection of
ephedrone results in high manganese (Mn) concentrations
in the brain and other tissues of a drug user.
The clinical picture of ephedrone encephalopathy

closely resembles previous reports on chronic Mn poi-
soning in miners as do the MRI findings.9,10 The neuro-
logical syndrome is irreversible and may continue to
worsen, even after cessation of ephedrone injection.
The major neuropathological findings described in Mn
toxicity are loss of nerve cells in the pallidum, especially
marked in the medial segment, prominent decrease of
myelinated fibers, and moderate astrocytic prolifera-
tion. The SN remains intact.11,12 Although these reports
help elucidate a pathomorphology of Mn neurotoxicity,
they lack quantification of cell types. No autopsied
cases of human Mn-induced movement disorders have
been examined ultrastructurally so far.
Coroners’ reports of suspected ephedrone abuse were

reported by Sherstyuk and Pigolkin in 1996, but did not
include cases with clinical features of parkinsonism-
dystonia. Cerebral angiopathy with a high load of ische-
mia and hemorrhages was noted.13 In 2014, Stepens and
colleagues reported on the brain biopsy of a patient with
ephedrone toxicity and human immunodeficiency virus
(HIV) infection, which revealed decompacted myelin
sheaths, oligodendroglial osmophilic bodies, and mito-
chondrial abnormalities in axons and glial cells.14 The

biopsy specimen did not inspect gray matter of the
globus pallidus (GP) and did not evaluate other brain
structures with immunohistochemistry. We present the
first neuropathological study of the brain of a patient
with parkinsonism with dystonia, caused by illicit use of
ephedrone.
Our objectives were to describe the pathomorphological

substrate of parkinsonism-dystonia, induced by
ephedrone abuse, to look for the impact of ephedrone
on brain damage and evaluate by immunohistochemis-
try the basal ganglia toxicity caused by previous
chronic Mn poisoning.

Clinical History

A 33-year-old female first presented in 2006 with a
4-year history of falls backward. She reported a step-
wise deterioration within 2 months preceding her initial
assessment in 2006. She had been injecting intravenous
ephedrone daily for 8 months before her symptom
onset. On initial neurological assessment in 2006, she
had an akinetic-rigid syndrome, severe dysarthria,
dystonia in the arms and feet, risus sardonicus,
perseverations, profound postural instability, impaired
walk, and frequent falls. She was treated with
ethylenediaminetetraacetic acid, L-dopa, and amanta-
dine without success. She had repeated inpatient neuro-
rehabilitation. Her neurological symptoms continued to
deteriorate despite drug cessation and she was wheel-
chaired since 2009. She experienced some transient
improvement several years ago, when she began walk-
ing again for a few months. When assessed 6 months
before death, she was wheelchaired, her speech was
illegible, she had dystonia in the arms, and was unable
to write. There was a mild cognitive deficit, but no
dementia (see Video 1).
MRI brain at first presentation in 2006 showed the

presence of symmetrical hyperintensivity in the nuclei
of the brainstem (Fig. 1A,B). On MRI made 5 years
later, these changes completely resolved (Fig. 1C).

Past Medical History: Hepatitis C
Acquired immunodeficiency syndrome (AIDS) was

diagnosed in 2011; she was treated with antiretroviral
therapy in the period leading to her death.

Terminal Illness
She was admitted to the general medicine department

with deterioration of general weakness, shortness of
breath, and feeling unwell. There was no acute neuro-
logical deterioration. She died unexpectedly on the
ward after a sudden deterioration with symptoms of
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cardiovascular collapse, progressive arterial hypoten-
sion, and asystole with unsuccessful resuscitation.
Postmortem diagnosis was: AIDS, stage 4; atrophy of

lymphoid tissues, spleen, and gut; generalized histoplas-
mosis with damage of the lungs, myocardium, liver,
kidney, and spleen; and purulent pneumonia.

Pathological Methods

Following postmortem retrieval, the brain was fixed
in 10% buffered formalin, selected tissue blocks were
processed into paraffin wax, and 8-μ thick sections
were cut and stained using routine stains and immuno-
histochemistry protocols at the Queen Square Brain
Bank (London, UK).
Postmortem examination with analysis of the brain

tissues was performed in accordance with the Ukraine
government legislation procedure. Written informed
consent for the participation in research and video
recording was received from the patient on recruitment
into the longitudinal study.

Results

At autopsy, the brain weighed 1,200 g. Apart from
moderate enlargement of the ventricular system, brain
macroscopic examination was normal.

Microscopic Examination
Neocortical regions showed good preservation of the

cortical architecture, and there was good preservation
of myelin in the subcortical white matter. Examination
of the hippocampal formation showed preservation of
neuronal populations with no evidence of acute hyp-
oxic change. The caudate, putamen, GP, and thalamus
were well preserved. In the midbrain, the SN was well

populated with pigmented neurons. Tyrosine hydroxy-
lase (TH) activity was well preserved in the SN, cau-
date, and putamen and also in axons within the
GP. The pons and medulla appeared unremarkable.
Examination of the cerebellum showed very mild
Purkinje cell depletion. An abscess cavity was present in
the cerebellar hemispheric white matter and dentate
nucleus, infiltrated by a mixture of Gram-positive and
-negative organisms. The upper cervical cord was pre-
sent and contained a single microglial nodule in the
anterior horn.
Throughout the brain, there was scattered pathology

affecting small blood vessels in the form of basophilic,
occasionally birefringent, material within vessels associ-
ated with CD68 immunoreactive giant cells and
macrophages. Glial fibrillary acidic protein (GFAP)
immunohistochemistry revealed moderate diffuse
astrogliosis in the subcortical white matter, hippocam-
pus, caudate, putamen, GP, thalamus, midbrain, pons,
and cerebellum. Astrocytosis was accentuated around
the abnormal vessels. Staining for P24 to detect HIV
infection was negative. There was no amyloid beta (Aβ-
), tau-, alpha-synuclein, or TAR-DNA binding protein
43 kDa (TDP43) pathology (Fig. 2).

Discussion

The coexistence of ephedrone poisoning and HIV
infection presents a challenge in interpretation of
the pathological findings in this case. Whereas the
pathological findings of chronic Mn toxicity and HIV
have been described previously, it is not known
whether ephedrone may induce additional damage as
a result of methcathinone. Autopsy-confirmed neuro-
pathology of Mn-induced parkinsonism is limited to
a few descriptive reports, performed before modern

FIG. 1. MR brain image in ephedrone-induced parkinsonism. (A,B) Nonenhanced coronal (A) and saggital (B) T1-weighted MR images from 2006 show-
ing bilateral markedly hyperintense signal in the GP, most severe in its medial part and, to a lesser degree, in the SNr, subthalamic nuclei, putamen,
and caudate nucleus. (C) Normal repeat MR brain image in methcathinone-induced parkinsonism after 5 years without exposure.
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immunohistochemical techniques. Perl and Olanow
published a comprehensive review of Mn-exposed
workers with clinical features of parkinsonism, pos-
tural instability, and steppage gait, who were
autopsied at death, mostly in the first half of the 20th

century, and revealed substantial basal ganglia dam-
age with marked gliosis and focal caudate and GP
scarring.15

The evidence of the specific neuropathological pattern
of Mn toxicity was reproduced in animal experiments,

FIG. 2. Histological features of the case with methcathinone encephalopathy. Pigmented neurons (A) immunoreactive for TH (B) were well preserved in
the SN. No neuronal loss was apparent in the GP (C), although there was moderate diffuse astrocytosis (D). In the cerebellum (E), an abscess (*) was
present in the white matter adjacent to the dentate nucleus (**) with a garland on organisms at the periphery (arrow). The organisms (F) comprised both
Gram-positive (arrow) and Gram-negative (double arrow) rods. Throughout the brain, scattered small vessels were partially occluded and associated
with a foreign body giant cell response (G, caudate nucleus). CD68 immunohistochemistry highlights giant cells and macrophages associated with an
inflamed vessel (H). (A,C,E,G) Hematoxylin and eosin; (B) TH immunohistochemistry; (D) GFAP immunohistochemistry; (F) Gram stain; (H) CD68 immu-
nohistochemistry. Bar in (A) represents 120 μm in (B) and (D); 60 μm in (A), (C), (E), (G), and (H), and 20 μm in (F). [Color figure can be viewed at
wileyonlinelibrary.com]
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in particular in primates. Olanow and colleagues sub-
jected 3 adult rhesus monkeys to weekly intravenous
Mn chloride (MnCl2) injections; as a result, 2 animals
developed severe Parkinson’s syndrome, which did not
respond to L-dopa treatment.16 An MRI scan revealed
bilateral high-signal anomalies in the striatum and
globe in a T1-weighted scan, indicating an Mn deposi-
tion. Neuropathological changes consisted of marked
gliosis and astrocytosis in GPi, and there was no dam-
age to SNc neurons.
In terms of clinical and neuropathological correla-

tion, the pathological findings in our case are fully con-
sistent with the clinical findings of L-dopa-unresponsive
Parkinsonism. The findings in the basal ganglia are
compatible with those observed in chronic Mn poison-
ing. The bulk of the evidence from the recent experi-
mental studies suggests that Mn functionally alters
neurotransmission through the dopaminergic system
without altering the morphology of dopaminergic neu-
rons, which is a fundamental difference from idiopathic
Parkinson’s disease (PD).17-19

Our pathological findings showed that the progres-
sive course of the ephedrone-induced disease is
not related to neurodegeneration, as indicated by the
absence of any specific Aβ-, tau-, alpha-synuclein, or
TDP43 abnormalities in all investigated brain areas,
as well as absence of atrophy of cortical neurons.
Despite the marked astrocytosis, there was no appre-
ciable neuronal loss in the GP. Glial cells are an
important target for Mn in the brain, both for metal
sequestration and for activating inflammatory signal-
ing pathways that damage neurons through the over-
production of numerous reactive oxygen and nitrogen
forms and inflammatory cytokines.20 We believe that
this chronic active inflammatory process is the likely
cause of persistent neurological dysfunction in our
patient.
Our histopathological examination also raises the

possibility that ephedrone-induced neurotoxicity may
be only partially caused by Mn poisoning. The
vasculitic changes might be attributable to the toxic
effect of methcathinone or HIV pathology, but it is
important to note that the patient was on retroviral
therapy. Vasculitis has not been reported in Mn occu-
pational neurotoxicity. In AIDS patients, concentric
thickening of the small vessel wall, dilatation of the
perivascular space, pigment deposition, vascular wall
mineralization, and perivascular inflammatory cellular
infiltrates were observed in 50% of former addicts.21

Similar vascular changes can be observed in HIV-
1-negative drug users.22

We also found foreign material in vessels causing a
giant cell reaction, but no ischemic damage. The vascu-
lar changes were widely disseminated and probably

represent solid contaminant of injected material with
some local response. Previous autopsies in drug abusers
showed an indirect vascular damage (hypersensitivity to
contaminants or microemboli with the foreign mate-
rials), microglial activation, numerous glial nodules in
basal ganglia, consisted of macrophages, lymphocytes
and glial cells, and impairment of oligodendrocyte dif-
ferentiation.23,24 A noninflammatory vasculopathy in
drug addicts is considered, by some researchers, to be
the morphological substrate of a disturbed blood–brain
barrier.25

To conclude, the neuropathological study of a case
of parkinsonism with dystonia, caused by illicit
ephedrone abuse, revealed diffuse astrocytosis of the
GP with no clear depletion of neuronal populations.
The SN was normal, and TH immunoreactivity was
well preserved. There was an absence of biomarkers of
neurodegeneration on immunohistochemical staining,
and myelin staining in the subcortical white matter
was normal. There was also a widespread
vasculopathy with small vessels occluded by foreign
material and a giant cell response, and an abscess was
noted in the cerebellum. Pallidal gliosis was consistent
with the neuropathological picture previously
described with Mn toxicity. Vascular and perivascular
changes in our case can be interpreted as a result of
the joint effect of infection and methcathinone on the
vessels. At present, ephedrone-induced encephalopathy
should be considered a special case of Mn neurotoxic-
ity. Upon receipt of new data, this concept may be
revised.

Legend to the Video

Video 1. A 33-year-old female with a dystonic facial
expression, bradykinesia, cock-walk, and no recovery
on the pull test.
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ABSTRACT: Background: We assessed if car-
diac blood markers are associated with motor and
cognitive function in patients with Parkinson’s dis-
ease (PD).
Methods: High-sensitivity troponin I and N-terminal
pro-B-type natriuretic peptide (NT-proBNP) were eval-
uated in 285 PD patients. Furthermore, N-terminal
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