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Abstract: Objective: Coenzyme Q10 (CoQ10) appears to be a promising agent in neurodegenerative disorders because 
they are associated with defects in the inner mitochondrial membrane and in oxidative phosphorylation. This report aims 
to highlight the role of CoQ10 in amyotrophic lateral sclerosis. 

Methods: A 75 year old medical scientist (1st author TK) unbiased for treatment with CoQ10, volunteered for CoQ10 ad-
ministration. He himself recorded his symptoms, mood, sensations, body weight, using limb Norris score, hand grip 
power for both hands. He received highly bioavailable CoQ10 in a dose of 500 mg twice daily initially followed by 
200mg twice daily for treatment in 2005. (solubilized ubiquinol, Tishcon Corp. NY). His plasma CoQ10 level was ob-
tained initially and after treatment with CoQ10. 

Results: He presented with weakness of left leg along with cramps in the left calf muscle with steppage gate in September 
2000. He had wasting of muscles, fasciculations and exaggerated reflexes. He had rapid deterioration in hand grip power 
in the left hand and weakness in left lower limb followed by right limbs with inability in walking and routine activities. 
Treatment with ubiquinol in 2005, resulted in better hand grip power, mood and sensation within a month and in 2006, he 
reported that hand grip power and wasting of muscles are not progressing as rapidly as before administering CoQ10.  

Interpretations: Treatment with highly solubilized ubiquinol can provide benefit to patients with ALS. Further controlled 
trials would be necessary to confirm our findings. 

Keywords: Motor Neuron Disease, diet, ubiquinol, wasting of muscles. 

INTRODUCTION 

 There is significant interest in exploring the use of 
antioxidants, particularly coenzyme Q10 (CoQ10) for the 
potential treatment of neurodegenerative disorders [1-7]. 
CoQ10 and its analog, idebenone as well as antioxidant 
vitamin tocopherol, monoamine oxidase inhibiters selegiline 
have been widely used as neuroprotectants in the treatment 
of neurodegenerative and neuromuscular disorders [6-13]. 
However, CoQ10 appears to be a most promising 
neuroprotectant in several neurological degenerative diseases 
because Alzheimer’s disease, Parkinson’s disease, and other 
neurodegenerative disorders were found to have defects in 
the inner mitochondrial membrane and in oxidative 
phosphorylation [6-10]. A decrease in CoQ10 levels and in 
complex I activity have also been reported; leading to the 
hypothesis that such changes may play a role in the 
pathogenesis of neuronal damage [4-9]. CoQ10 is an 
endogenous proenzyme found in the inner mitochondrial 
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membrane of human cells [1-4]. It is a fat-soluble quinone 
that in human tissue has 10 five-carbon isoprenoid units, 
hence the term CoQ10. Oxidative phosphorylation is an 
essential process used in the production of energy to sustain 
organs such as the brain, heart, muscles, and kidneys through 
the production of adenosine triphosphate (ATP) [6, 7]. 
CoQ10 is normally involved in a series of enzymatically 
catalyzed sequential reactions necessary to carry out 
oxidative phosphorylation via the electron transport chain, 
which also known as the respiratory chain. It collects 
reducing electrons from flavoprotein. In a case control study 
among 1700 subjects, antioxidant vitamin deficiency and 
oxidative stress have been reported in patients with non-
communicable diseases including degenerative diseases of 
the brain [2]. Singh and Singh reported beneficial effects by 
treatment with CoQ10, in a patient with ALS and in a cases 
with polymyositis and tuberous sclerosis [3]. Since Co Q10 
administration increases brain mitochondrial concentrations 
and exerts neuroprotective effects [6], in this volunteer who 
is a medical scientist (TK), we report more detailed effects of 
CoQ10 in ALS. 



188    The Open Nutraceuticals Journal, 2012, Volume 5 Kawasaki et al. 

CASE REPORT 

 A 75 year old medical scientist presented with weakness 
of left lower limb and cramps in left calf of about one month 
duration in September 2000. The onset of the disease was 
insidious and gradually progressive. He complained of 
wasting of muscles and fasciculations. He had rapid 
deterioration in hand grip power in the left hand and 
weakness in left lower limb, followed by right hand and right 
lower limb with inability in walking and routine activities. 
Past and family history were not relevant. There was no 
history of persistent fever or head injury with loss of 
consciousness. 

Physical Examination 

 Physical examination revealed pulse 75 per min regular, 
blood pressure 130/85 mm of Hg and systemic examination 
showed no abnormality except in the nervous system. He had 
weakness, wasting and fasciculations with exaggerated 
reflexes. The wasting of muscles was more marked in calf 
and thigh muscles more in left side than right which made 
him unable to walk normally. There were diminished hand 
grip and power in the lower limbs and hand more in the left 
side than in right, which is consistent with the diagnosis of 
ALS. There was no sensory deficit and power was 
approximately grade III-IV/V in all the 4 limbs and 0-II in 
thumbs and little fingers but he was able to type and send 
emails without much difficulty. Higher centers and sensory 
centers were within normal limits and he is able to 
communicate normally on telephones. The diagnosis of 
myopathy was excluded by a negative electromyogram 
indicating chronic denervation and muscle biopsy showing 
no evidence of myopathy? Nerve conduction velocity was 
within normal limits.  

Laboratory Data 

 Blood examination conducted in Sept 2000 showed no 
abnormality in hemoglobin, total and differential leukocyte 
count, ESR, serum creatinine, C-reactive protein, creatine 
phosphokinase, blood urea nitrogen and fasting blood 
glucose. Urine examination for Bence-Jones proteins was 
negative. Radiological examination of the cervical spine and 
computerized axial tomography of the brain showed no 
abnormality. His blood examination for Co Q10 showed 
increase in CoQ10 concentration after treatment. 
Cerebrospinal fluid examination showed no abnormality in 
proteins, sugar and cells. 

CLINICAL COURSE 

 His clinical course of ALS is given. He was advised 
Laennec injection (placenta) after diagnosis of ALS at the 
University hospital but his clinical condition deteriorated 
rapidly showing marked decrease in body weight, weakness, 
wasting of muscles and power during routine activities 
during the next one year. He contacted other coauthors in 
2004-2005 because one of us (RBS) had experience in 
CoQ10 administration in patients with neurodegenerative 
diseases [3]. After permission from the Institutional ethic 
committee, he volunteered to take 400-1000mg/day of 

solubilized ubiquinol (COQ10) beginning with 200mg twice 
daily with fatty meals followed by 500mg twice daily and 
finally 200mg twice daily after improvement which he is still 
continuing. Adverse effect of CoQ10 were not observed. 
However he felt moderate benefit after receiving CoQ10 for 
4 weeks which motivated him to take 500mg twice daily of 
CoQ10 (total 1000mg/day). 

COMMENTS 

 This patient who is a medical scientist (TK) presented 
with weakness, wasting and fasciculations with exaggerated 
reflexes more in the left limbs than right limbs and 
diminished hand grip in the left hand, which is consistent 
with ALS. There was no sensory deficit and power was 
approximately grade III-IV/V in all the 4 limbs and 0-II in 
thumbs and little fingers but he was able to type and send 
emails without much difficulty. In view of above findings 
without involvement of higher centers and sensory centers 
and in absence of myopathy, a clinical diagnosis of ALS was 
quite relevant.  

 He was advised Laennec injection (placenta) after the 
diagnosis of ALS at the University hospital, without any 
improvement in the next one year. There are only few studies 
to compare our observations with others. However, a case of 
ALS was administered CoQ10, 60 mg thrice daily 
(180mg/day,Q gel, Tishcon Corp,NY) in 1998 by Singh and 
Singh who showed beneficial effects within one week [3]. 
There was a symptomatic improvement in weakness and an 
increase in power in the lower and upper limbs. This patient 
also had oxidative stress showing higher levels of 
malondialdehyde, thiobarbituric acid reactive substances and 
diene conjugates and a deficiency of vitamin C, E and beta 
carotene which showed improvement after treatment with 
CoQ10 for 4 weeks [3]. This patient reported improvement 
in speech, swallowing, walking and general well being. In 
the present case, these investigations were not done. 
However, results of CoQ10 administration indicate that 
solubilized ubiquinol in high doses of 1000mg/day can be 
tolerated without any adverse effects. CoQ10 can provide 
benefits in muscle power and general well being and inhibit 
further deterioration in muscle wasting and power on long 
term administration. 

 In clinical and experimental studies, CoQ10 status has 
been studied in neurodegenerative diseases and it is 
administered for treatment with possible beneficial effects or 
no effect [14-26]. Singh and Singh also reported beneficial 
effects of CoQ10 in a case with polymyositis [3]. In a dose 
assessment trial, 31 ALS patients received Co Q10, 
formulated with 300 IU of vitamin E on a monthly dosage 
escalation scale (1200–3000 mg/day). CoQ10 was found to 
be safe and well-tolerated at the maximum dosage [22]. 
There were no significant differences between CoQ10 and 
historical placebo groups in strength, grip, forced vital 
capacity, or ALS functional rating scale scores compared to 
placebo group [22]. These pilot data have yielded a follow-
up trial by Kauffman et al with an adaptive, two-stage, bias-
adjusted, randomized, placebo-controlled, double-blind, 
Phase II design (n=185) [23]. The primary outcome in both 
stages was decline in the ALS Functional Rating Scale-
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revised (ALSFRSr) score over 9 months. Stage 1 (dose 
selection, 35 participants per group) compared CoQ10 doses 
of 1,800 and 2,700 mg/day. Stage 2 (futility test, 75 patients 
per group) compared the dose selected in Stage 1 against 
placebo. In stage 1, the dose was 2,700 mg/day. In Stage 2, 
the pre-specified primary null hypothesis that this dose is 
superior to placebo was not rejected. It was rejected, 
however, in an accompanying pre-specified sensitivity test, 
and further supplementary analyses. Pre-specified secondary 
analyses showed no significant differences between CoQ10 
at 2,700 mg/day and placebo without any safety concerns. 
The finding indicated that CoQ10 at 2,700 mg daily for 9 
months shows insufficient promise to warrant Phase III 
testing. Given this outcome, the adaptive Phase II design 
incorporating a dose selection and a futility test avoided the 
need for a much larger conventional Phase III trial. The most 
important weakness in this trial was that no consideration 
was given for bioavailability and bioactivity of CoQ10 
preparation used in the trial. The drug may be highly 
bioavailable but may not be bioactive which may depend on 
time of administration and circadian periodicity of neuronal 
mitochondrial functions. It seems that using highly 
solubilized ubiquinol could have been more promising, 
because it is highly bioavailable and can more efficiently 
incorporate in the neuronal cell membranes of the 
mitochondria and provide greater benefit. Serum levels of 
CoQ10 may not be altered in ALS but mitochondrial level 
may be decreased, hence tissue concentration of CoQ10 
appears to be determinant of clinical manifestations of ALS 
[27, 28]. It is also possible that sporadic ALS patients may 
have significantly higher levels of oxidized CoQ10 [28]. 
Oxidized CoQ10 acts as oxidant and may enhance the 
generation of superoxide and hydrogen peroxide. Hydrogen 
peroxide can then react with iron-rich cytochromes to form 
hydroxyl free radicals which may be damaging to 
mitochondria of the neurons [28-30]. Therefore, it is 
important to conduct trials with solubilized ubiquinol in 
sporadic ALS, before we conclude that CoQ10 trial avoided 
the need for phase III trial [23].Secondly, ubiquinol may 
enhance the availability of antioxidant enzymes; superoxide 
dismutase (SOD), SOD 1 genes and catalase more efficiently 
compared to commonly used CoQ10. Inclusion of more 
patients with rapidly progressive ALS toxicity, in the 
intervention group compared to control group can give false 
impression that test agent is not better than placebo which is 
another possible cause of no significant benefit in the above 
trial [23]. 

 Serum levels of Co Q10 and the Co Q10/cholesterol 
ratio, were compared in 30 patients with ALS and 42 
matched controls using a high performance liquid 
chromatography technique [27]. The mean serum Co Q10 
levels and the Co Q10/cholesterol ratio did not differ 
significantly between the 2 study groups. Clinical form 
(spinal vs. bulbar) of ALS, showed no effect on these values 
and they did not correlate with age, age at onset, and 
duration of the disease. It is possible that serum Co Q10 
concentrations are unrelated with the risk for ALS. Plasma 
redox status of Co Q10 were compared in 20 sporadic ALS 
patients with those in 20 healthy age/sex-matched controls 
[28]. A significant increase in the oxidized form of Co Q10 

(sALS=109.3+/-95.2 nM; controls=23.3+/-7.5 nM, 
P=0.0002) and in the ratio of oxidized form of Co Q10 to 
total Co Q10 (%CoQ10) (sALS=12.0+/-9.3%; 
controls=3.2+/-0.9%, P<0.0001) were observed. The 
%CoQ10 correlated significantly with the duration of illness 
(rho=0.494, P=0.0315) indicating systemic oxidative stress 
in the pathogenesis of sALS. It seems that mitochondrial 
oxidative damage contributes to the pathogenesis of sporadic 
ALS (sALS) [29]. High-performance liquid chromatography 
with an electrochemical detector is used to measure the 
concentrations of the reduced and oxidized forms of CoQ10 
in the cerebrospinal fluid (CSF) [29, 30]. There were 30 
patients with sALS and 17 age-matched controls with no 
neurological diseases. The percentage of oxidized CoQ10 in 
the CSF of sALS patients were significantly greater than 
those in the CSF of controls (P<0.002) and were negatively 
correlated with duration of illness (rho=-0.64, P<0.001). 
These results suggest that mitochondrial oxidative damage 
contributes to the pathogenesis of sporadic ALS. In 
Alzheimer's disease (AD), mitochondrial oxidative damage, 
oxidative DNA damage or both contribute to the 
neurodegenerative process [30]. A similar method was used 
to measure the concentrations of the reduced and oxidized 
forms of CoQ10 and 8-hydroxy-2'-deoxyguanosine (8-
OHdG) in the cerebrospinal fluid (CSF) of 30 patients with 
AD and in 30 age-matched controls with no neurological 
disease. The percentage of oxidized/total CoQ10 (%CoQ10) 
in the CSF of the AD group (78.2 +/- 18.8%) was 
significantly higher than in the control group (41.3 +/- 
10.4%) (P < 0.0001). The concentration of 8-OHdG in the 
CSF of AD patients was greater than in the CSF of controls 
(P < 0.0001) and was positively correlated with the duration 
of illness (r(s) = 0.95, P < 0.0001). The %CoQ10 was 
correlated with concentrations of 8-OHdG in the CSF of AD 
patients (r(s) = 0.66, P < 0.001). It seems that both 
mitochondrial oxidative damage and oxidative DNA damage 
play important roles in the pathogenesis of early AD 
development [30, 31]. Recently CoQ10 levels have been 
reported in CSF among patients without neurological 
diseases, which may further high light the role of CoQ10 in 
neuro- degenerative diseases [32]. 

 ALS is a disease causing degeneration of motor neurons 
in the Betz cells, in the motor areas of the cerebral cortex, 
brain stem and spinal cord. Most neurodegenerative diseases 
have defects in the neuronal inner mitochondrial membrane 
and in oxidative phosphorylation [6-10]. A decrease in 
CoQ10 levels and in complex I activity have also been 
reported; leading to the hypothesis that such changes may 
play a role in the pathogenesis of neuronal damage leading to 
neuronal degeneration [4-8]. Free radical stress, 
inflammation and mitochondrial damage as well as 
abnormality in energy metabolism have been observed in 
neurodegenerative diseases [6-13]. The neurons in the brain 
and spinal cord are vulnerable to free radical attack, because 
they are highly oxygenated structures and contain large 
amount of iron and polyunsaturated fatty acids and poor 
antioxidant systems [3-8]. Deficiency of antioxidants, 
particularly CoQ10 in the neurons may increase the 
vulnerability of neuronal membrane mitochondria to damage 
resulting into degeneration. 
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 In our case, degeneration may have occurred in the motor 
neurons of the spinal cord because clinical findings do not 
indicate mental dysfunction and difficulty in swallowing and 
talking which appear to be indicators of degeneration of 
brain and brain stem. It has been suggested that most cases 
of ALS are sporadic but it may also occur in families due to 
interaction of genetic and environmental factors [3]. CoQ10 
is mainly synthesized in the muscles and therefore it may be 
poorly synthesized due to muscle wasting (1). A coexisting 
deficiency of CoQ10, owing to increased utilization to fight 
the oxidative stress due to disease process, may enhance the 
progression of muscle wasting. In view of this fact, it is 
possible to propose that CoQ10 may        
inhibit the progression of muscle wasting and muscle power 
in patients with ALS as observed in our case. 

                                           
 SOD 1 is an enzyme that plays a role in detoxifying free 
radicals. The pathophysiological mechanisms of both 
familial and sporadic ALS are unknown, although growing 
evidence suggests that skeletal muscle tissue is a primary 
target of ALS toxicity [33]. Skeletal muscle biopsies were 
performed on transgenic SOD1(G93A) mice, a mouse model 
of ALS, to determine genetic biomarkers of disease 
longevity. Consistent with the results obtained from total 
skeletal muscle of transgenic SOD1(G93A) mice and 74-
day-old denervated mice, five genes (Mef2c, Gsr, Col19a1, 
Calm1 and Snx10) could be considered potential genetic 
biomarkers of longevity in transgenic SOD1(G93A) mice. 
These results may lead to the exploration of previously 
unexamined tissues in the search for new disease biomarkers 
and even to the application of these findings in human 
studies. It seems that ubiquinol might have greater beneficial 
effects on genetic expressions that control neuronal 
degeneration in ALS. In a few familiar forms of ALS, 
mutations in the SOD1 gene have been held responsible for 
the degeneration of motor neurons [34]. Nevertheless, after 
the discovery of the SOD1 mutations no consensus has 
emerged as to which cells, tissues and pathways are 
primarily implicated in the pathogenic events that lead to 
ALS. The recent discovery of mutations in a pair of 
DNA/RNA-binding proteins called TDP-43 and FUS/TLS as 
causes of familial and sporadic forms of ALS may be 
important. Ubiquitous overexpression of mutant SOD1 in 
transgenic animals recapitulates the pathological features of 
ALS. It seems that several fundamental issues are still 
controversial; are the motor neurons the first direct targets of 
ALS; and what is the contribution of non-neuronal cells, if 
any, to the pathogenesis of ALS? These studies indicate that 
CoQ10 appears to be a potential neuroprotectant and may 
protect against ALS toxicity and enhance survival. Our 
patient (TK) also has a long survival of 12 years after the 
diagnosis of ALS in the year 2000 which indicate that phase 
III trials should be done to find out the effects of ubiquinol 
on survival. ALS is a fatal disease, with median survival of 
3-5 years and cause of deaths are; rapidly progressive ALS, 
aspiration pneumonia and medical complications of 
immobility which contribute to morbidity in patients with 
ALS [35-38]. About 15% of patients with ALS live 5 years 
after diagnosis, and about 5% survive for more than 10 
years. Long-term survival is associated with a younger age at 
onset, being male, and limb rather than bulbar symptom 
onset and better muscle mass on ultrasonography [38]. 
Inclusion of more rapidly progressive ALS patients in the 
intervention group can also resemble no benefit by the 

 CoQ10 administration could be useful in patients with 
Parkinson,s disease, Friedreich’s Ataxia, Huntington,s 
disease, Alzheimers,s disease and ALS [13-23]. 
Experimental studies indicate that CoQ10 inhibits oxidative 
stress in mice and in vitro, and diminish damage to the 
hippocampus following carotid ligation or toxic injury [24]. 
Endothelin models of cerebral ischemia in rats showed the 
neuroprotective effects of CoQ10 on lactate acidosis, ATP 
production, oxidized and reduced glutathione ratio, and 
super oxide dismutase activities after induced cerebral 
ischemia [25]. Ren and colleagues [26], explored the effects 
of CoQ10 on 16 dogs and the results showed that dogs pre-
treated with CoQ10 had higher levels of ATP and greater 
protection of the cortex from structural damage. The 
experimental group had significantly less free radical 
formation at 60 minutes after the arrest and at 30 minutes 
into reperfusion than control. Combined, the results from 
these studies suggest that CoQ10 shows promise as a potent 
antioxidant and as a free radical scavenger. Oxygen-derived 
free radicals and abnormal energy metabolism play a role in 
brain ischemia/reperfusion injury and that CoQ10 exerted a 
neuron-protective effect by improving brain energy 
metabolism and diminishing ischemic damage [26]. In a 
recent study [8] CoQ10 was given to transgenic mice with 
the P301S tau mutation, which causes fronto-temporal 
dementia in man. These mice develop tau hyperphospho-
rylation and neurofibrillary tangles in the brain. Treatment 
with CoQ10 improved survival and behavioral deficits in the 
P301S mice. There was a modest reduction in phosphory-
lated tau in the cortex of P301S mice. The effects of Co Q10 
treatment on the electron transport chain enzymes, the 
mitochondrial antioxidant enzymes, and the tricarboxylic 
acid cycle were also examined. There was a significant 
increase in complex I activity and protein levels, and a 
reduction in lipid peroxidation. The data showed that Co 
Q10 significantly improved behavioral deficits and survival 
in transgenic mice with the P301S tau mutation, upregulated 
key enzymes of the electron transport chain, and reduced 
oxidative stress. 

 In a experimental study, feeding with Co Q10 increased 
cerebral cortex concentrations in 12- and 24-month-old rats 
[6]. In 12-month-old rats, administration of Co Q10 resulted 
in significant increases in cerebral cortex mitochondrial 

concentrations of Co Q10. Oral administration of Co Q10 
markedly attenuated striatal lesions produced by systemic 
administration of 3-nitropropionic acid and significantly 
increased life span in a transgenic mouse model of familial 
ALS. These results show that oral administration of Co Q10 
increases both brain and brain mitochondrial concentrations. 
They provide further evidence that Co Q10 can exert 
neuroprotective effects that might be useful in the treatment 
of neurodegenerative diseases because CoQ10 is a critical 
component of the electron transport chain of mitochondria 
which is main target in causing neurodegeneration [30].  
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intervention agent in the experimental group compared to 
placebo group [23, 39]. CoQ10 may also protect against 
wasting in ALS because it is rich in muscles and also protect 
against cardiovascular diseases [1, 40]. In brief, it is possible 
that ubiquinol CoQ10 can provide beneficial effects in 
patients with ALS and hence further trials are necessary 
using highly solubilized ubiquinol in the treatment. 
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