Results and interpretation of a self-monitored experiment of a broccoli seed tea
on the symptoms of 8 people with Parkinson's disease.

Albert F Wright

On learning that a very promising and potentially disease-modifying therapy for Parkinson’s dis-
ease, based on a natural product and supported by years of outstanding research, had been aban-
doned rather than being tested on humans, a well-informed group of Parkinson’s disease patients
decided to carry out the experiment for themselves. Although most of them had no scientific train-
ing, they co-ordinated their efforts and pooled their observations. to complete an experiment using
a broccoli seed tea. These “Patient-Researchers” demonstrated that by working together intelli-
gently and sharing their personal interpretation of their own symptoms, patients in today’s connec-
ted world have the ability to enhance our knowledge of disease.

Their contribution brings new insight to the decades of intellectual achievement and critical
experimentation by leading researchers which led to the development of the remarkable hypothesis
which implies that activating the genetic transcription factor Nrf2 with sulforaphane made from
broccoli seeds can counter oxidative stress and damage to mitochondria in the neurons of people
with Parkinson’s disease. This hypothesis had never been subjected to its most critical test;
applying it to people with Parkinsons disease. The very modest experiment described here,
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Fig. 1: Example of a completed symptom record sheet with
entries reclassified into two subgroups: non-motor and
motor symptoms.
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Results

The improvement in symptoms was particularly marked for a subgroup commonly referred to as
non-motor symptoms. In comparison, motor symptoms improved only very modestly over this
timescale (Fig. 2). Of the 8 participants, 5 reported very strong improvements in non-motor
symptoms (Fig. 3) whilst 3 participants, who started the program with very low non-motor
symptoms, showed almost no improvement in any symptoms.
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Fig. 2: Evolution of mean symptom scores of
non-motor and motor symptoms for all 8
participants. Error bars are standard
deviations.

Fig. 3: Evolution of mean symptom scores
non-motor and motor symptoms for the 5 best
responders.  Error  bars are standard
deviations.

Mean differentiated symptom scores

The results show a marked differentiation in the mean scores of non-motor symptoms compared to
those of motor symptoms for all 8 participants. This is even more apparent when the 5 best
responders are considered. This improvement in non-motor symptoms was observed continuously
over the 6 weeks of treatment.

Individual symptom data

Summed over all 8 participants, the most prevalent symptoms at baseline were fatigue, sleep
quality, lack of motivation and loss of sense of smell. Fatigue and lack of motivation were also
those most attenuated over the course of the experiment, fatigue being reduced by 90%. Loss of
sense of smell was unchanged.

Interpretation

Placebo effect: These results are not consistent with a typical placebo effect in Parkinson’s disease.
The placebo effect in Parkinson’s disease is usually observed as an improvement in motor
symptoms due to a positive patient expectation of reward that increases the production of
dopamine.

Oxidative-stress-induced mitochondrial dysfunction leads to energy deficiency in dopaminergic
neurons of Parkinson’s disease patients: The impact of oxidative stress on the integrity of mito-
chondria in neurons is emerging as a major component of the early phase of Parkinson’s disease.
Oxidative stress, mitochondrial dysfunction and energy deficiency are implicated in many neurolo-
gical and neurodegenerative diseases, despite them not being classified as mitochondrial diseases.
Oxidative stress associated with mitochondrial dysfunction has been demonstrated by post-mortem
examination of brains and peripheral tissues of patients with PD. Furthermore, the role of oxidative
stress as a major contributing factor for mitochondrial dysfunction and compromised bioenergetic
performance is now well established.
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The brain accounts for a large amount of the energy consumption in humans. For only 2% of body
weight, the brain consumes 20% of the oxygen and 25% of available glucose. Energy is generated
via oxidative phosphorylation which involves the multistage electron transport chain across the in-
ner mitochondrial membrane. Oxidative phosphorylation also generates reactive oxygen species
(ROS) such as superoxide and hydrogen peroxide which, if not immediately neutralised, can cause
damage to the mitochondria in which they are produced. This makes neurons in the brain particu-
larly susceptible to both oxidative stress and energy deficits.

Chronic oxidative stress develops when ROS and RNS production exceeds the capacity of the cell’s
antioxidant defence system to rapidly neutralise them. Under normal conditions, Nrf2, the master
regulator of redox homeostasis, constantly monitors ROS and activates the glutathione and
thioredoxin systems to protect mitochondria from ROS damage. In dopaminergic neurons of PD
brains, there is a wealth of evidence that this protection is defective and that it is the underlying
condition driving cellular dysfunction in Parkinson’s disease.

This is evidenced by increased levels of oxidised lipids, proteins and DNA, and decreased levels of
reduced GSH in the substantia nigra of PD patients. Impairment of Complex 1 (NADH ubiquinone
oxidoreductase) of the electron transport chain is a common feature of mitochondria isolated from
PD patients. Loss of Complex 1 also leads to increased ROS production which amplifies
mitochondrial dysfunction and creates a self-sustaining vicious circle. Magnetic Resonance
Spectrometry in vivo has revealed that mitochondrial dysfunction is not restricted to the substantia
nigra, but can occur in almost all regions of the brains of Parkinson’s disease patients. Complex |
is reported to be reduced by about 30% in the SNc and frontal cortex of Parkinson’s disease
patients at autopsy. Mitochondria in dopaminergic neuron synapses are more susceptible to
complex 1 impairment than their counterparts in the neuron body.

Persistent fatigue, a sensation of global exhaustion unrelated to physical effort, is one of the earliest
and most common symptoms reported by Parkinson’s disease patients, often occurring well before
diagnosis and remaining throughout its progression. Fatigue has a major impact on quality of life of
PD patients, but remains one of the least documented and least researched symptoms of PD.
Fatigue is also a hallmark symptom of mitochondrial disease. Markers of elevated oxidative stress
and mitochondrial dysfunction correlate with disease severity of patients diagnosed with Chronic
Fatigue Syndrome. For these reasons, fatigue in Parkinson’s disease would appear to be due to an
energy supply deficit rather than excessive demand.

Given the wealth of experimental data relating oxidative stress to mitochondrial dysfunction and
compromised energy production in DA neurons, the omnipresence of fatigue reported by
Parkinson’s disease patients is unsurprising. The attenuation of fatigue by the participants in the
broccoli seed tea experiment is consistent with the hypothesis that upregulating the Nrf2/ARE
pathway and neutralising oxidative stress could attenuate mitochondrial dysfunction and restore
normal energy production in neurons. The relative rapidity of the effect is consistent with the
dynamics of mitochondrial regeneration.

The ability of sulforaphane to upregulate Nrf2 and activate the antioxidant response (ARE) defence
processes is well established. Activation of the Nrf2/ARE pathway to neutralise oxidative stress in
mitochondria and restore energy production is therefore a plausible interpretation of the impact of
sulforaphane on non-motor symptoms of Parkinson’s disease patients in this experiment. These
observations remain to be confirmed by more rigorous studies specifically targetting oxidative
stress in mitochondria of dopaminergic neurons via the activation of the Nrf2 pathway.

A theory for PD based on a cascade of 2 mechanisms

If the above hypothesis is correct, then it would appear that Parkinson’s disease progresses via a
cascade of 2 distinct mechanisms.
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Step 1: a progressive reduction in mitochondrial energy production due to oxidative stress.

With increasing redox imbalance, oxidative stress damages mitochondria in highly-exposed
neurons. This impairs the Complex 1 enzyme in mitochondria which is an essential enzyme in the
process to make energy from glucose and oxygen. Reduction in Complex 1 automatically creates
more ROS and sustains a vicious circle which amplifies the process. These neurons suffer an
acquired but reversible version of chronic mitochondrial dysfunction through oxidative stress. The
hallmark symptom of mitochondrial dysfunction is fatigue, a common non-motor symptom of
Parkinson’s disease. Dopaminergic neurons are among the most highly exposed because of their
high energy demands, but other neuron types are also very likely to be affected.

Step 2: energy deficient DA neurons cannot sustain their normal dopamine production.

As their energy supply declines, an increasing number of DA neurons become less productive,
dormant. Some may eventually die. Dopamine availability then declines below the critical
threshold for normal motor function, causing the appearance of motor symptoms. Step 1 and step 2
will progress in parallel as the disease advances.

Implications and perspectives

The results of the broccoli seed tea experiment suggest that the cause of non-motor symptoms may
be at least partially reversible. Reversing this first step will not automatically correct the damage
already done downstream especially if it is at an advanced stage, but by differentiating between the
two mechanisms, each problem should be easier to resolve.

This cascade theory for Parkinson’s disease implies that 2 distinct mechanisms are involved. Both
of these mechanisms need to be investigated in the quest for a global therapy for Parkinson’s
disease. For decades, the cause of the disease has been ignored and the only response has been to
provide medication to replace reduced dopamine production.

The theory that up to 70% of dopamine-producing neurons are dead at the time of diagnosis needs
to be revisited. The possibility that a significant proportion of them may simply be powered down
or dormant for lack of available mitochondrial energy cannot be dismissed. It is of course possible
that part of the recovery from fatigue and other symptoms noted here, could be due to improved
energy production in neurons other than those involved in dopamine production. Both of these
possibilities require further investigation.

A disease which progresses by 2 distinct mechanisms requires a therapeutic approach to address
both steps. Current therapies only address the dopamine deficit which is responsible for motor
symptoms of Parkinson’s disease. There is a real urgency to respond to mitochondrial
dysfunction and the energy deficit acquired through oxidative stress to Complex 1 enzymes in
neurons of all types.

The current therapy of dopamine replacement is almost universally directed at attenuating motor
symptoms whereas persistent fatigue, one of the most common and debilitating symptoms of
Parkinson’s disease is ignored. A therapy to resolve fatigue would considerably improve the quality
of life of many Parkinson’s disease patients.

For more information on the scientific rationale of this experiment, see:
1) https://patientresearcher.com/

2) Role of the transcription factor Nrf2 and Redox Balance in Parkinson's Disease
Albert F. Wright, ResearchGate, September 2020
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https://www.researchgate.net/publication/344217351_Role_of_the_transcription_factor_Nrf2_and_Redox_Balance_in_Parkinson's_Disease
https://patientresearcher.com/
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