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A Pilot Study of  Oxaloacetate 
100 mg Capsules in Parkinson’s 
Disease Patients

Human Subjects Committee and informed consent was obtained 
for all subjects. PD subjects were recruited through the Parkinson’s 
Disease Clinic of the University of Kansas Medical Center. Subjects 
had to be at least 30 years of age, meet the United Kingdom Parkinson’s 
Disease Society Brain Bank clinical diagnostic criteria [9], be within 7 
years of diagnosis, and present on a stable dose of levodopa and any 
other PD medications. The sum of the Unified Parkinson’s Disease 
Rating Scale (UPDRS) ADL and motor scores also had to be at least 
30 points at baseline. This criterion was included because disability in 
excess of this optimizes the chance of detecting treatment-generated 
clinical changes should they occur. Exclusion criteria included 
previous use of OAA, current participation in other drug studies, 
using other investigational products within 30 days prior to baseline, 
the presence of an unstable or clinically significant medical condition, 
or other known or suspected causes of parkinsonism. The total 
levodopa dose for each subject was determined, as was each subject’s 
total levodopa equivalent dose (LED). The LED formula used was 
LED = carbidopa/levodopa + (carbidopa/levodopa controlled release 
x 0.75) + amantadine + (pramipexole x 100) + (ropinirole x 20) + 
(rotigotine x 30) + (selegiline x 10) + (rasagiline x 100).

OAA capsules were obtained from Terra Biological LLC (San 
Diego, California). OAA batches used to prepare these capsules were 
tested to ensure the integrity of the OAA. The capsules contained100 
mg OAA and 150 mg of ascorbic acid. Terra Biological LLC also 
provided capsules containing 150 mg of ascorbic acid but no OAA. 
All subjects were instructed to take one capsule twice daily for four 
months.

Randomization of subjects into the active or placebo treatment 
groups was performed using a computer algorithm. Both the 
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Abstract
Mitochondrial dysfunction is observed in Parkinson’s disease (PD) 

and oxaloacetate (OAA), a bioenergetic pathway intermediate, 
was found in preclinical studies to have pro-mitochondrial effects. In 
this pilot study we randomized 18 PD participants to a capsule that 
included 100 mg OAA (in addition to 150 mg of ascorbic acid), and 
15 PD participants to a capsule containing only 150 mg ascorbic acid, 
twice daily, for four months. Participants and study personnel were 
blinded to the group assignment. Thirteen participants in each group 
completed the study. Adverse events were recorded and clinical 
response was evaluated with the total Unified Parkinson’s Disease 
Rating Scale (UPDRS), Movement Disorder Society (MDS)-UPDRS motor 
and non-motor activities of daily living sections, PDQ-39 quality of life 
assessment, Non-Motor Symptoms Questionnaire, Montreal Cognitive 
Assessment, and Geriatric Depression Scale. No serious adverse 
events occurred and no significant differences between the groups or 
between the baseline and 4-month visit scores were observed for any 
categorical or continuous clinical assessment. In conclusion, although 
in this study OAA 100 mg twice daily for four months was safe in PD 
patients, at this dose its clinical effects were not different from placebo. 

Abbreviations: AD: Alzheimer’s disease; ADL: Activities of Daily 
Living; CBC: Complete Blood Count; CGI: Clinician Global Impression; 
GDS: Geriatric Depression Scale; LED: Levodopa Equivalent Dose; 
LFTs: Liver Function Tests; MDS: Movement Disorders Society; MoCA: 
Montreal Cognitive Assessment; NMSQuest: Non-Motor Symptoms 
Questionnaire; OAA: Oxaloacetate; PD: Parkinson’s Disease; PDQ-39; 
Parkinson’s Disease Questionnaire 39; PGI: Patient Global Impression; 
UPDRS: Unified Parkinson’s Disease Rating Scale

Introduction
Altered mitochondrial function is observed in persons with 

Parkinson’s disease (PD) and could play a role in this disease [1-3]. 
A rationale, therefore, exists for targeting PD patient mitochondria 
for therapeutic purposes [4,5]. One potential approach features the 
administration of bioenergetic intermediates [6]. Preclinical work 
shows one candidate molecule, oxaloacetate (OAA), can enhance 
respiration flux [7]. Also, the brains of OAA-treated mice show an 
increased expression of genes that support mitochondrial respiration, 
increased levels of proteins that support mitochondrial respiration, 
and pro-activating post-translational modifications or compartmental 
shifts of proteins that support mitochondrial respiration [8]. 

OAA can be purchased as a nutritional supplement. One available 
supplement is marketed as capsules that contain 100 mg of OAA and 
150 mg of ascorbic acid. In this study we randomized PD participants 
into two groups: one group took the OAA capsules, and the other 
took capsules that contained only 150 mg of ascorbic acid. During the 
intervention safety and clinical efficacy data were collected.

Patients and Methods
The study was approved by the Kansas University Medical Center 
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investigators and participants were blind to group assignment. Our 
pre-specified goal was to enroll at least 15 subjects in each group. 
Participation required 3 subject visits and two safety phone calls 
over a 4-month period. Clinical measures included Hoehn and 
Yahr staging, Schwab and England Activities of Daily Living, the 
UPDRS, the Movement Disorder Society (MDS) UPDRS activities 
of daily living (ADL) subscales, the Patient Global Impression (PGI) 
assessment, the Clinician Global Impression (CGI) assessment, the 
Quality of Life Parkinson’s Disease Questionnaire-39 (PDQ-39), the 
Montreal Cognitive Assessment (MoCA), the Geriatric Depression 
Scale (GDS), and the Non-Motor Symptoms Questionnaire 
(NMSQuest). Assessments for subjective improvement and 
subjective adverse events were also performed; an adverse event in 
this study was defined as any subjective medical occurrence that was 
reported by a subject, regardless of whether exposure to the study 
drug was felt to have a causal relationship to the reported event. As an 
additional component of our safety assessment, blood was obtained 
and analyzed for complete blood count (CBC), serum electrolytes, 
liver function tests (LFTs), and plasma amino acids.

At the time of the first visit (the screening/baseline visit) informed 
consent was obtained, baseline assessments were performed, and the 
study drug dispensed. Hoehn and Yahr and Schwab and England 
scores were determined at this visit (but not at other visits) to 
facilitate inter-group baseline comparisons. One month later subjects 
presented for their second visit, at which time clinical status was again 
assessed. Phone calls to the subjects were performed at the end of the 
second month and repeated at the end of the third month, with the 
primary intent of monitoring for safety and documenting subjective 
adverse events. The third and final visit took place at the end of the 
fourth month, at which point clinical status was again assessed, the 
occurrence of subjective adverse events was documented, blood work 
was repeated, and any remaining study drug was collected. 

Reported adverse events and subjective improvements were 
included for all randomized subjects who received at least one dose 
of drug or placebo. These data, as well as discontinuation rates, were 
analyzed in a categorical fashion using a Fisher’s Exact test to screen 
for inter-group differences. For efficacy analyses, data from all subjects 
who completed the study were included. As this was a pilot study that 
was focused on safety, an intent-to-treat analysis was not performed. 
Changes in the GDS, MDS-UPDRS, MoCA, NMSQuest, PDQ-39, 
and UPDRS scores from baseline to month 4 for each group were 
compared using related samples Wilcoxon signed rank tests, with 
p-values of less than 0.003 considered significant after adjustment for 
multiple comparisons. The extent of baseline to 4-month intergroup 
changes were compared using independent samples t-tests, with 

Parameter OAA Group Placebo Group P-Value
Age (years) 60.31 (10.09) 64.09 (9.92) 0.346
Number of female subjects 2 1
Disease duration (years) 2.85 (1.72) 3.08 (1.85) 0.745
Levodopa (mg) 407.69 (116.99) 496.15 (128.23) 0.079
Levodopa Equivalent Dose 528.15 (124.30) 564.42 (148.50) 0.506
Hoehn and Yahr Score 2.19 (0.38) 2.12 (0.30) 0.574
Schwab and England Score 83.08 (6.30) 83.08 (5.96) 1.000

Table 1: Subject demographics. Calculated values are means with standard 
deviations.

Group Duration in 
Study Reason for Withdrawal

OAA 27 days Heartburn, diarrhea
OAA 42 days Insomnia
OAA 4 days Dizziness
OAA 35 days Worsening tremor and fatigue

OAA 30 days Nausea, joint stiffness, disoriented, difficulty 
breathing

Placebo 118 days Unrelated hospitalization
Placebo 70 days Worsening of PD, medication changes required

Table 2: Subject withdrawals.

Event
Times 
Reported in
OAA Group

Times Reported in Placebo 
Group

Agitation/stimulant effect/hard 
to sleep 2 1

Stiffness/achy/joint pain 2 0
Tremor increased 1 0
Fatigue increased 1 0
Nausea 1 0
Heartburn 0 0
Worsening balance 1 0
Increased dyskinesia 1 0
Diarrhea 0 0
Dizziness 0 0
Disoriented 0 0
Memory worse 0 1
Worsening PD in general 0 0
Increased urination 0 1

Table 3: Subjective adverse events in study completers.

Event
Times Reported 

in
OAA Group

Times Reported in Placebo 
Group

Increased energy 3 2
Clearer thinking/better 
memory 2 1

Decreased drooling 1 1
Decreased tremor 1 1
Increased agility 1 0
Improved speech 1 0
Improved balance 1 0

Table 4: Subjective improvements.

OAA Group (n=13)
Patient      Clinician

Placebo Group (n=13)
Patient       Clinician

Mild worsening
Mild improvement
Moderate improvement
Marked improvement
No change

          3                 1
1                 1
1                 1
1                 0
7               10

          1                   1
4                   1
0                   0
0                   0
8                 11

Table 5: Patient and clinician global impression of change. The number of 
subjects in each group that were felt to experience (patient impression) or 
manifest (clinician impression) change over the course of the study is indicated.

p-values of less than 0.003 considered significant after adjustment for 
multiple comparisons.

Results
Thirty-three total subjects were enrolled, with 18 subjects 
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randomized into the OAA group and 15 subjects randomized into 
the placebo group; 13 subjects in both groups completed the study. 
Subject demographics are provided in Table 1. The groups were 
essentially balanced on measures of baseline PD severity.

Compliance for the OAA group ranged from 86-108% with a 
mean compliance of 96% and for the placebo group the range was 79-
99% with a mean compliance of 91%. 5 subjects from the OAA group 
and 2 subjects from the placebo group withdrew before completing 
the study. 1 subject withdrew from the placebo group due to a 
perceived overall worsening of their PD and subsequent change in 
their anti-PD medication regimen, while 1 subject withdrew from the 
OAA group due to a perceived worsening of tremor. Otherwise, the 
reasons for withdrawal were unrelated to changes in parkinsonism 
(Table 2). Discontinuation frequencies between the groups were not 
statistically different. 

No clinically significant changes in the laboratory safety tests were 
observed. No serious adverse events occurred during the study. A list 
of non-serious adverse events reported by subjects who completed the 
study is provided in Table 3. Among those who completed the study 
a total of 9 adverse events were noted by OAA group subjects, and 3 
adverse events were noted by placebo group subjects. The number 
of subjects reporting adverse events was not statistically different 
between the OAA and placebo groups, and this was the case when 
the analysis was limited to study completers and also when all adverse 
events reported by subjects who prematurely discontinued the study 
were included in the statistical analysis. OAA group subjects were also 
more likely to report subjective improvement, although the frequency 
of reported improvements between the groups was statistically 
equivalent. Subjective improvements were reported 10 times in OAA 
group subjects, and 5 times in placebo group subjects (Table 4).

Global ratings for the 13 subjects in each group that completed 
the study are shown in Table 5. A review of these data reveal for most 
of the subjects in either group, no change in global status was noted 
by the subject or investigator. 

Clinical measures from the baseline and 4-month visits for each 
group are provided in Table 6. Comparing the mean UPDRS-motor 
baseline score for each group with its corresponding mean 4-month 
score indicated a non-significant improvement after adjustments for 
multiple comparisons, for both the OAA and placebo groups. There 
were no differences between the OAA and placebo groups for any 
clinical measures. 

Discussion
This study found that OAA 100 mg is generally safe in PD 

patients, and that a majority of PD patients can tolerate a regimen 
of 100 mg, twice daily, for four months. Although this study was not 
designed to prove or disprove efficacy, during the course of the study 
no significant differences between the OAA and placebo groups were 
observed. This suggests that at least over the short term, 100 mg OAA 
twice daily is unlikely to significantly affect PD signs and symptoms. 

The clinical literature has not previously reported the occurrence 
of OAA-induced adverse events or side effects. In designing this 
exploratory study, therefore, we were unable to use a power analysis to 
determine how many subjects would be sufficient to reveal an OAA-
mediated increase in adverse events if such existed. While no serious 
adverse events were noted and a statistically significant difference 
in adverse events was not observed between the OAA and placebo 
groups, we do note that the absolute number of subjects who reported 
subjective complaints was higher in the OAA group. On the other 
hand, the absolute number of subjective improvements was higher 

Parameter OAA Baseline 
(n=13)

OAA
4-Months (n=13)

P-Value OAA 
(Baseline

vs
4-Months)

Placebo Baseline 
(n=13)

Placebo 
4-Months (n=13)

P-Value Placebo 
(Baseline vs
4-Months)

P-Value (Change 
in Score, OAA vs 

Placebo)

GDS 5.31(4.35) 5.77 (5.37) 0.929 3.31 (3.07) 3.77 (3.68) 0.537 1.000
MDS-UPDRS Part 1B 
(non-motor ADLs) 6.69 (3.61) 6.69 (4.09) 0.944 5.46(3.84) 6.23 (3.85) 0.271 0.469

MDS-UPDRS Part II 
(motor ADLs) 9.54 (5.06) 9.85 (6.09) 0.875 8.69 (4.75) 10.08 (6.58) 0.145 0.542

MoCA 27.38 (1.98) 28.08 (1.55) 0.213 27.15 (2.44) 27.62 (2.40) 0.399 0.769
NMSQuest 7.08 (4.41) 7.92 (6.30) 0.348 6.15 (4.39) 6.92 (4.65) 0.283 0.950
PDQ-39 Mobility 10.19 (10.87) 12.50 (14.58) 0.291 8.27 (12.72) 10.00 (11.86) 0.666 0.897
PDQ-39 ADL 14.42 (15.37) 15.38 (15.81) 0.814 14.10 (15.64) 16.35 (20.52) 0.292 0.778
PDQ-39 Emotional Well-
Being 11.54 (9.79) 12.82 (16.53) 0.744 9.29 (10.64) 7.37 (5.68) 0.307 0.458

PDQ-39 Stigma 12.50 (17.49) 11.05 (11.45) 0.598 9.13 (10.40) 10.58 (8.22) 0.553 0.426
PDQ-39 Social 1.92 (4.99) 2.56 (5.25) 0.673 3.85 (9.39) 2.56 (5.25) 0.436 0.385
PDQ-39 Cognition 16.35 (9.39) 18.27 (15.82) 0.558 10.10 (9.39) 11.54 (11.08) 0.461 0.898
PDQ-39 Communication 15.38 (12.19) 19.23 (18.44) 0.376 8.97 (12.01) 13.46 (14.65) 0.068 0.894
PDQ-39 Bodily 
Discomfort 26.92 (16.01) 27.56 (16.45) 0.899 17.95 (18.27) 21.15 (18.51) 0.374 0.675

PDQ-39 Total 12.97 (8.91) 14.35 (11.16) 0.570 10.06 (7.84) 11.34 (7.41) 0.372 0.972
UPDRS- Mentation 1.69 (1.11) 1.54 (1.39) 0.565 0.77 (1,10) 0.54 (0.88) 0.480 0.871
UPDRS-ADL 11.85 (4.38) 10.08 (3.48) 0.219 12.46 (4.72) 10.23 (4.13) 0.007 0.761
UPDRS-Motor 27.62 (5.52) 23.31 (8.25) 0.013 29.69 (8.00) 23.69 (8.49) 0.015 0.456

Table 6: Analysis for baseline and 4-month visit intragroup changes, and for baseline and 4-month visit intergroup changes. Lower scores indicate improvement for 
the UPDRS, MDS-UPDRS, PDQ-39, NMSQuest, and GDS. A higher score indicates improvement for the MoCA. Values are means with standard deviations.
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in the OAA group than it was in the placebo group (although the 
frequencies of reported subjective improvements were statistically 
similar between both groups). The relevance of these qualitative 
“trends” is unclear, and does not alter the overall inference that in 
this study OAA 100 mg administered twice daily had no significant 
symptomatic effect. Our categorical data, while obviously limited in 
scope, can nevertheless be used to inform the design of future OAA 
clinical studies. 

Although there was no difference between the OAA and placebo 
groups for any clinical assessment, both groups had a trend towards 
improvement in the UPDRS motor score (OAA 4.3 points, placebo 
6 points). It therefore should be noted that participants in both the 
active and placebo groups consumed 300 mg per day of ascorbic acid. 
This raises the question of whether ascorbic acid contributed to these 
trends. 

Our study lacked the ability to detect disease-modifying effects. 
In general, proving disease modification in PD trials is challenging 
[10-12]. Also, after this study was initiated, a pharmacokinetic 
study of OAA in Alzheimer’s disease (AD) subjects found 100 
mg of OAA did not produce consistent changes in the plasma 
OAA level [13]. It is therefore possible, if not likely, that our study 
participants experienced a no-to-minimal change in their blood 
OAA concentration. Inferences about OAA’s symptomatic effects on 
PD subjects, therefore, should remain limited to the 100 mg, twice 
daily regimen. Given the results of this PD pilot study and the OAA 
pharmacokinetic study, investigators planning future OAA clinical 
studies should consider using higher amounts. 
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