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Abstract.10

Background: Reduced glutathione (GSH) is an endogenously synthesized tripeptide depleted early in the course of Parkin-
son’s disease (PD) and GSH augmentation has been proposed as a therapeutic strategy in PD.

11

12

Objective: This Phase IIb study was designed to evaluate whether a Phase III study of intranasal GSH, (in)GSH, for
symptomatic relief is warranted and to determine the most appropriate trial design for a disease-modification study.

13

14

Methods: This was a double-blind, placebo-controlled trial of 45 individuals with Hoehn & Yahr Stage 1–3 PD. Participants
were randomized to receive intranasal placebo (saline), 100 mg GSH, or 200 mg GSH thrice daily for three months, and were
observed over a one-month washout period.

15

16

17

Results: All cohorts improved over the intervention period, including placebo. The high-dose group demonstrated improve-
ment in total Unified PD Rating Scale (UPDRS) (–4.6 (4.7), P = 0.0025) and UPDRS motor subscore (–2.2 (3.8), P = 0.0485)
over baseline, although neither treatment group was superior to placebo. One participant in the high-dose GSH cohort
developed cardiomyopathy.
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Conclusions: Although predicted improvements in PD total and motor scores were observed, these data do not sug-
gest (in)GSH is superior to placebo after a three month intervention. The symptomatic effects are sufficient to warrant a
delayed-start or wash-out design study for disease-modification trials. Whether long-term use of (in)GSH leads to clinical
improvements that are sustained and significantly different than placebo will require appropriately-powered longer-duration
studies in larger cohorts. The improvement in the placebo arm was more robust than has been observed in previous PD studies
and warrants further investigation.
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INTRODUCTION29

Reduced glutathione (GSH, �-L-glutamyl-L-30

cysteinylglycine) is a tripeptide that is involved in31

scavenging of reactive oxygen species (ROS), reduc-32
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tion of hydrogen peroxide, cellular detoxification, 33

and serves as a reservoir for cysteine, glycine, and 34

glutamate. GSH deficiency is thought to interfere 35

with a cell’s ability to clear cellular waste, and 36

to impair defense against reactive oxygen species 37

(ROS), reactive nitrogen species (RNS), and H2O2. 38

Post mortem analysis of substantia nigra (SN) tis- 39

sue from individuals with PD vs. controls reveals that 40

GSH is depleted early in the course of the disease 41

[1–3]. A recent cross-sectional study demonstrated a 42
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2 L.K. Mischley et al. / Phase IIb (in)GSH in PD

Fig. 1. Results demonstrating improvement in clinical measures of PD severity from the Phase I/IIa Study of (in) GSH in PD. The goal of
this Phase IIb study was to determine whether these results were reproducible. All study medications were given thrice daily, e.g. 100 mg/ml
is equal to 300 mg/ day. Data were re-plotted from [15].

correlation between whole blood glutathione concen-43

trations and PD clinical severity [4].44

GSH depletion does not, on its own, result in45

SN cell loss in rodent models of GSH deple-46

tion [5]. However, under conditions of normal47

aging or when neurons are exposed to the neuro-48

toxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine49

(MPTP), depletion of GSH exacerbates SN degener-50

ation [6]. This, combined with evidence for lowered51

GSH levels in numerous other central nervous system52

(CNS) diseases [7, 8] suggests that although GSH53

depletion is not likely the initial step in develop-54

ment of PD, it may occur early in the disease process55

secondary to an initial environmental or metabolic56

insult.57

Oral GSH is often reported to have low bioavail-58

ability [9] and the high GSH requirement by the59

intestinal mucosal cells and liver decreases the like-60

lihood that GSH delivered by oral bolus will reach61

CNS target tissue [10]. Intravenous (iv) GSH, which62

avoids first-pass loss in the intestines and liver, has63

been administered to individuals with PD in two64

clinical trials, both of which reported improvements65

in motor symptoms, although neither was powered66

for efficacy [11, 12]. In spite of these positive out-67

comes, the utility of (iv)GSH is limited by cost,68

inconvenience, and side effects associated with intra-69

venous administration, thus, alternative methods of70

GSH augmentation are being explored. Nasal deliv-71

ery, which is non-invasive, relatively convenient, and72

can result in preferential delivery of certain drugs to73

the brain, has been proposed as a potentially useful74

approach for delivering GSH to the brain [13].75

Intranasal GSH, (in)GSH, has been in clinical use,76

without FDA approval, for over 18 years [14]. A77

phase I/IIa study of (in)GSH in PD demonstrated78

that the intervention was safe and tolerable over a79

three-month intervention period [15]. The study was80

Fig. 2. CONSORT flow diagram.

not designed to draw statistical conclusions regarding 81

efficacy, although an improvement in total UPDRS 82

and motor UPDRS scores in active arms was observed 83

over placebo, with symptom worsening occurring 84

during the one month observed washout period. 85

(Fig. 1; Data were replotted from reference 12). 86

In order to evaluate whether (in)GSH penetrates 87

into brain, magnetic resonance spectroscopy (MRS) 88

was employed to quantify CNS concentrations of glu- 89

tathione following 200 mg (in)GSH. Over the course 90

of one hour after (in)GSH administration to individ- 91

uals in a supine position inside the MRI instrument, 92

mean GSH levels increased more than 200% in a 93

region of brain that included the putamen [16]. The 94

demonstration of target validation and the capacity to 95

use MRS as an outcome measure both provided sup- 96

port for further evaluation of (in)GSH as a therapeutic 97

agent in PD. 98

All three clinical trials of exogenously- 99

administered GSH [11, 12, 15] (as well as anecdotal 100

video case reports posted to social media) indicate 101

that GSH has the potential to improve motor symp- 102

toms in PD. Given that GSH acts primarily as a free 103
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radical scavenger and to aid cellular detoxification,104

a commonly hypothesized mechanism of action for105

GSH in PD is that GSH may delay PD progression106

by reducing the rate of neurodegeneration. However,107

since this proposed mechanism would not account108

for the observed improvement in motor outcomes,109

mechanisms by which GSH may alter motor function110

by affecting dopaminergic neurotransmission have111

also been explored. GSH is a neuromodulator at112

glutamate NMDA receptors [17], however, it is not113

known to directly interact with dopamine receptors.114

Chronic high doses of (iv)GSH have been reported115

to modestly increase dopamine transporter density116

(24%), as measured by 123-IFP-CIT single-photon117

emission computed tomography, in the putamen of118

individuals with PD [18, 19]. Recently, N-acetyl cys-119

teine (NAC), a GSH precursor, has also been shown120

to increase dopamine transporter (DAT) density (by121

4–8%) in the caudate and putamen of patients with122

PD, with corresponding improvements in clinical123

outcomes [20]. While NAC has been shown to raise124

GSH concentrations, it is also possible the impact125

on DAT density occurs via a mechanism other than126

GSH augmentation. While the mechanisms may be127

poorly-understood, these data provide some insight128

into the means by which GSH could impact motor129

outcomes in PD.130

This Phase IIb study was designed to evaluate131

whether a Phase III study of (in)GSH for PD symp-132

tomatic relief is warranted (preliminary efficacy), and133

to determine the most appropriate trial design for134

disease-modification studies [21]. The primary aim135

of this study was to determine whether the UPDRS136

total and motor improvements seen in the Phase I/IIa137

trial were reproducible. The secondary aim of this138

study was to evaluate biomarkers and clinical out-139

come measures (in addition to UPDRS), that may be140

responsive to GSH augmentation.141

MATERIALS AND METHODS142

This study was a 12-week randomized, dou-143

ble blind, placebo-controlled Phase IIb study of144

the safety, tolerability, and preliminary efficacy of145

(in)GSH in 45 PD patients with Hoehn & Yahr146

stage 1–3 PD, conducted between June 20, 2015147

and Feb 3, 2016. As a Phase II trial, this study148

was not powered for efficacy, but to further estab-149

lish safety and tolerability, as well as to generate150

data that can be used to inform the power calcula-151

tions for a Phase III trial. Using the data generated152

from the Phase I/IIa (in)GSH study [15] and G*power 153

3.1 software [22], a sample size of 45 was the 154

minimum sample size needed to determine whether 155

there was sufficient symptomatic effect to justify 156

subsequent disease-modifications studies employing 157

a delayed start or wash-out design. The a priori 158

statistical endpoints were the mean change from 159

baseline, per cohort, in total and motor UPDRS 160

among matched pairs, given the small sample size. 161

The results from the Phase I/IIa study were used 162

to power this study. The overarching hypothesis is 163

that GSH deficiency contributes to disease progres- 164

sion, and there is urgency within the community to 165

conduct disease-modification trials. Therapies that 166

also reduce symptoms require more complicated and 167

expensive study designs when attempting to evaluate 168

disease-modification, e.g. delayed-start design [23]. 169

The primary objective of the study was to deter- 170

mine whether the (in)GSH improvements seen in 171

the Phase I/IIa study on UPDRS total (4 point) and 172

motor sub-score (2 point) over baseline were repro- 173

ducible. The study was not powered for efficacy over 174

placebo, although a placebo arm was included to 175

provide information about the duration and extent 176

of the placebo response, essential data for appropri- 177

ately powering a Phase III efficacy trial, if warranted. 178

The secondary objectives were to describe the sys- 179

temic absorption characteristics of (in)GSH and the 180

tolerability of (in)GSH in participants with PD. The 181

goal of this study was to enroll enough subjects 182

to detect a 4-point improvement in total UPDRS, 183

if it exists, with a 5% probability of rejecting the 184

true null hypothesis and an 80% power, with an 185

expected 20% dropout rate. Prior to implementation, 186

the study protocol was approved by the Bastyr Uni- 187

versity and the University of Washington Institutional 188

Review Boards, and was registered on ClinicalTri- 189

als.gov (NCT02424708). There were no changes to 190

methodology after trial commencement. 191

Recruitment efforts utilized the Fox Trial Finder, 192

local physician referrals, the Washington State PD 193

Registry, local support groups, and word-of-mouth 194

recruiting. Informed consent was obtained from all 195

individuals before initiating participation. All partic- 196

ipants were screened within 30 days of baseline to 197

ensure that they were physically independent and oth- 198

erwise healthy. To qualify, individuals must have been 199

diagnosed with PD in the previous 10 years, be stable 200

on all medications for at least 30 days prior to start 201

of study, and have no exposure to N-acetyl cysteine 202

(GSH precursor) or GSH in any form for the previ- 203

ous 90 days. Study participants were asked to remain 204



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

4 L.K. Mischley et al. / Phase IIb (in)GSH in PD

stable on their medications throughout the entire205

study; should their symptoms require medication206

modification, they were encouraged to follow the207

advice of their prescribing doctor and assured that208

they would not be disqualified from study participa-209

tion. Medications were reviewed at each study visit210

and dopamine equivalents were calculated [24].211

Participants were randomized to 200 mg GSH/ml,212

100 mg GSH/ml or placebo (saline) three times daily213

for 12 weeks, with a four-week washout period.214

Throughout the study, only the compounding phar-215

macy was unblinded. The study statistician used Stata216

13.1 (College Station, TX) random number genera-217

tor to assign individuals equally between the three218

groups, depending on whether or not they were eli-219

gible for the MRI portion of the study. Of the 45220

enrolled participants, 15 participated in a sub-study in221

which magnetic resonance spectroscopy (MRS) was222

performed at baseline and 24 hours following discon-223

tinuation of the three month intervention according to224

previously described procedures [16].225

The study medication was pre-packaged into 1 ml226

syringes and kept refrigerated in two opaque plas-227

tic bags. Participants and their caregivers were228

trained in the administration of the study medication.229

Mucosal Atomization DevicesTM (MAD)(Teleflex,230

Morrisville, NC) were used for drug delivery. Par-231

ticipants were asked to rinse MAD tips after each232

use, let air dry, and reuse throughout the study. MAD233

tips were replaced monthly. Participants were advised234

to use the study medicine morning, afternoon, and235

evening, and to tip head back or lie down during236

administration, while inhaling deeply.237

All clinical evaluations were performed at the238

Bastyr University Clinical Research Center by the239

same clinician, who remained blinded for the dura-240

tion of the study. Because there is a mild sulfur smell241

to GSH, the study clinician performing evaluations242

was never in the room with the packaged product.243

To evaluate whether participants were appropriately244

blinded, they were asked at each visit to predict the245

group to which they had been assigned. At each visit,246

there was an open-ended interview in which par-247

ticipants provided feedback, then participants were248

asked to complete online case report forms using249

REDCap (Research Electronic Data Capture) [25].250

Participants completed the PROMIS Global, UPDRS251

questions 1–17, Non-motor Symptom Score, PDQ-252

39, and PRO-PD on REDCap.253

Measures of oxidative stress and defense254

were performed by Genova Diagnostics (CLIA:255

#34D0655571, Asheville, NC, USA) according to256

previously described methods [4]. Because endoge- 257

nous GSH levels are reported to fluctuate with circa- 258

dian rhythm and during/after meals, participants were 259

scheduled for study visits at the same time of day for 260

all appointments, (e.g., a participant with a baseline 261

appointment at 11 am had all remaining study visits 262

at 11 am). Participants were asked to maintain their 263

typical diet on the days of study visits. At each visit, 264

participants were given a fresh batch of study medica- 265

tion, sealed in two layers of opaque plastic with an ice 266

pack, as packaged by compounding pharmacy. Par- 267

ticipants were frequently reminded to keep the study 268

medication refrigerated and away from light and air. 269

Proton magnetic resonance spectroscopy (1H- 270

MRS), a non-invasive approach enabling the 271

determination of in vivo GSH concentrations [rela- 272

tive to creatine (Cr)], was used to measure changes 273

in GHS levels in the brain following the 12-week 274

intervention. Of the 15 individuals in each cohort, 275

five underwent scans. Individuals who expressed a 276

willingness to have two 1H-MRS scans were random- 277

ized within the 1H-MRS subset. Because GSH levels 278

exhibit circadian fluctuations, pre- and post-treatment 279

scans were always scheduled at the same time of 280

day. Participants were asked to use their last dose of 281

(in)GSH 24 hours before their scheduled follow-up 282

1H-MRS scan. MEGA-PRESS double-editing for the 283

cysteinyl �-CH2 residue of GSH was used to deter- 284

mine GSH levels, and GSH and creatine peak areas 285

were determined according to methods previously 286

described [16]. 287

Paired t-tests were used evaluate differences within 288

subjects by comparing laboratory and clinical assess- 289

ments at baseline and after 12 weeks of using study 290

medication. Statistical significance was set at P < 0.05 291

using two-sided testing for all analyses. Adjust- 292

ments for multiple comparisons were made using 293

the Bonferroni method for all exploratory analyses. 294

All analyses were performed using Stata version 11 295

(Statacorp, College Station, TX). 296

RESULTS 297

In the placebo arm, one participant withdrew 298

due to chronically-irritated sinuses and headaches 299

attributable to the study intervention. Two individ- 300

uals withdrew from the 300 mg/d cohort; one due 301

to a fall unrelated to the study resulting in a broken 302

bone, and the other reported puffiness under the 303

eyes, attributable to the study intervention. Two 304

participants withdrew from the 600 mg/d cohort; one 305
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encountered logistical problems (unrelated to the306

study intervention) that prevented attendance at study307

visits, the other withdrew due to tachycardia and308

newly-diagnosed cardiomyopathy. This participant309

had a history of anxiety and tachycardia follow-310

ing a stressful event several years prior to study311

enrollment; at the screening visit the participant312

reported that all symptoms had resolved and the313

participant saw a cardiologist annually in follow-up.314

The participant’s annual cardiology appointment315

occurred approximately 5 weeks into the study, at316

which time the cardiomyopathy was diagnosed.317

Based on a small body of literature related to reduc-318

tive stress resulting in insult to cardiomyocytes, the319

participant’s cardiologist recommended withdrawal320

from the study. After stopping the study medicine,321

the participant reported resolution of the tachycardia.322

There was equal distribution between genders in323

the study, with a mean age of 60.9 ± 11.0 and a mean324

of 3.57 ± 2.15 years since diagnosis (Table 1). In order325

to evaluate whether participants were able to maintain326

the blind, they were asked at each study visit to indi-327

cate the group to which they thought they had been328

assigned (Table 2). Participants in all cohorts guessed329

incorrectly frequently enough to suggest the blind330

was adequately maintained. The change in dopamine331

equivalents (DE) remained relatively stable through-332

out the study (Table 5) across study arms. The greatest333

change observed was a 90-point reduction in DE in334

the high-dose (in)GSH arm, although this reduction335

did not reach statistical significance.336

As was seen in the Phase I/IIa study [15], UPDRS-337

Part 3 motor scores worsened in the placebo group338

over the three months of the study, while there was a339

mild improvement in motor scores in both the low and340

high dose cohorts, with all cohorts worsening during341

withdrawal [Fig. 3B, Table 3]. Total UPDRS results342

were also similar to those seen in the Phase I/IIa study,343

although in this Phase 2b study, the placebo arm had344

an unusually robust improvement [Fig. 3A, Table 3].345

The secondary aim of this study was to evaluate346

other clinical rating scales or biomarkers that may be347

more sensitive change in response to (in)GSH, rela-348

tive to the UPDRS. 2-sided P-values were used for349

all analyses, and adjustments were made for multi-350

ple comparisons. There was a statistically significant351

improvement in the Non-Motor Symptom Score352

(NMSS) [26] in the 600 mg/d cohort, with a mean353

10.17 (13.18) point improvement (P = 0.0217) over354

baseline. The pre- post change was not statistically355

significant (P values > 0.05) for Kinetics Objec-356

tive Measures (Timed-Up-&-Go, Postural Sway,357

Table 1
Demographics and baseline characteristics of study participants

N %

Gender
Male 23 51%
Female 22 49%

Age
Mean Age (SD), years 60.9 (11.0)
Median Age (Range), years 64 (29, 78)

Race/ Ethnicity
White 45 100%
Hispanic 1 2%
Non-Hispanic 44 98%

PD Severity
Mean years since diagnosis (SD) 3.5 (2.15)

Hoehn & Yahr Stage
1 Unilateral 9 20%
1.5 Unilateral+axial 6 13%
2 Bilateral, intact balance 18 40%
2.5 Bilateral with recovery on pull test 7 16%
3 Postural instability, physically independent 5 11%

Table 2
Participant capacity to predict group assignment

I think I think I don’t know
I received I received

GSH placebo

Month 1
Placebo 4 (27%) 7 (47%) 4 (27%)
300 mg/d 3 (21%) 7 (47%) 4 (29%)
600 mg/d 7 (47%) 1 (7%) 6 (43%)
Month 2
Placebo 6 (43%) 6 (43%) 2 (14%)
300 mg/d 3 (23%) 7 (54%) 3 (23%)
600 mg/d 7 (50%) 6 (43%) 1 (7%)
Month 3
Placebo 6 (43%) 6 (43%) 2 (14%)
300 mg/d 1 (8%) 7 (58%) 4 (33%)
600 mg/d 7 (54%) 5 (39%) 1 (8%)
Month 4 (1 month washout)
Placebo 7 (50%) 6 (43%) 1 (7%)
300 mg/d 2 (17%) 6 (50%) 4 (33%)
600 mg/d 8 (57%) 3 (21%) 3 (21%)

Keyboard Dexterity), Patient-Reported Outcomes 358

in PD (PRO-PD), Montreal Cognitive Assessment 359

(MoCA), PDQ-39, or PROMIS Global Health. 360

After correcting for multiple comparisons, dif- 361

ferences between biological markers (relative to 362

baseline, and between groups) did not reach statistical 363

significance for any of the following measurements: 364

blood cysteine:sulfate ratios, blood cysteine: cystine 365

ratios, blood glutathione peroxidase, blood superox- 366

ide dismutase (SOD), blood lipid peroxides, urine 367

lipid peroxides, and urine 8-OHdG. Contrary to 368

predictions, at three months, whole blood total glu- 369

tathione decreased in all three cohorts, with both 370

the placebo and 600 mg/d cohorts evidencing a 371
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A

C

D

Fig. 3. Change in mean total UPDRS (A), UPDRS-Motor Sub-
score (Part 3) (B), and central nervous system (CNS) glutathione
(C) over the twelve weeks of the study, and following a four-week
washout period. CNS glutathione (as GSH / total creatine peak area
ratio) was measured by proton magnetic resonance spectroscopy
(1H-MRS) and the volume of interest was a 4 × 4 × 5 cm region
centered on the left dorsal putamen at the level of the lentiform
nucleus. Error bars indicate SD.

statistically-significant decrease relative to baseline372

(P = 0.0142 and 0.0112, respectively).373

There was a trend toward increasing brain GSH374

concentrations in the 600 mg/d cohort, as measured375

by 1H-MRS, although this improvement did not reach376

statistical significance [Fig. 3C].377

DISCUSSION378

While this is the fourth published report of mild-to-379

moderate symptomatic improvement following the380

administration of GSH to individuals with PD [11, 381

12, 15], none of these studies has been powered to 382

detect improvement over placebo. Unfortunately, the 383

diversity of delivery methods and study designs pre- 384

vents cohesive interpretation. One was open-label 385

with twice daily interventions requiring the attention 386

of study staff [11], and thus expected to result in a 387

robust placebo response. The most notable difference 388

between the Phase IIb study presented here, where a 389

robust placebo response was observed, and the Phase 390

I/IIa study, where a more modest placebo response 391

was observed, is the increased attention to delivery. 392

During the current study, individuals were instructed 393

to lie down, if possible, and tilt head back while 394

inhaling deeply; it is possible that these instructions 395

inadvertently increased the ritual of administering the 396

treatment and resulted in “placebo efficacy”[27]. 397

A recent publication has demonstrated that the 398

glutathione precursor, NAC, produced a mean 13% 399

improvement in UPDRS scores, and significantly 400

increased DAT density in the caudate and putamen 401

in PD, suggesting that NAC and/or GSH can affect 402

dopaminergic neurotransmission [28]. In addition 403

to having potential as a disease-modifying agent, 404

these data support the idea that (in)GSH may also 405

have symptomatic efficacy. Use of a delayed-start, 406

wash-out, or complete two-period clinical trial design 407

would allow evaluation of symptomatic and disease- 408

modification simultaneously [29]. 409

Only the high-dose cohort exhibited CNS GSH 410

concentrations that increased over the 12-week inter- 411

vention; the diversity between individuals and the 412

lack of established reference ranges make these data 413

difficult to interpret, although these results suggest 414

doses of at least 600 mg/ d should be used in subse- 415

quent trials. It is possible that GSH did not reach the 416

target tissue or that the GSH augmentation provided 417

by (in)GSH is not sustained after a 24-hour washout. 418

Since the identical product and delivery were pre- 419

viously shown to reach target tissue and effectively 420

augment CNS GSH up to 60 minutes [16], the latter 421

explanation is most likely. Subsequent pharmacoki- 422

netic studies will be necessary to evaluate the half-life 423

of (in)GSH, which may inform dosing recommenda- 424

tions for future trials. 425

Contrary to expectations, the whole blood GSH 426

concentrations decreased over the course of the study 427

in all cohorts. The analyses were run in batches and 428

consistency was maintained between scheduled study 429

visits, personnel, collection and shipping procedures, 430

and laboratory methodology in an attempt to mini- 431

mize error. There were no reported inconsistencies in 432
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Table 3
Change in UPDRS, by cohort, over the three-month study intervention and following one month washout. Comparisons between study visits. P-values lower than 0.05 are in bold, P-values lower

than the multiple comparison adjusted cutoff (0.0033) are italicized

n Mean Mean Mean Pre-Post 2 sided Absolute Mean 4wk Week 12 vs
Baseline (SD) Week 4 (SD) Week 12 (SD) P-value Change (SD) Washout (SD) Washout P-value

Total UPDRS
Placebo 14 64.9 (7.5) 58.4 (5.9) 61.5 (8.2) 0.0590 –3.4 (6.2) 63.71 (10.1) 0.2029
300 mg/d 11 66.2 (8.9) 60.8 (8.5) 63.6 (10.4) 0.2618 –2.6 (7.4) 66.91 (9.4) 0.0347
600 mg/d 14 65.7 (10.3) 60.3 (10.6) 61.1 (9.7) 0.0025 –4.6 (4.7) 66.85 (13.6) 0.0007
Part 1- Mentation
Placebo 14 3.7 (1.1) 3.4 (1.9) 3.2 (1.8) 0.2362 –0.5 (1.5) 2.92 (1.5) 0.5569
300 mg/d 11 3.4 (1.1) 3.8 (1.4) 3.6 (2.2) 0.5884 0.27 (1.6) 3.7 (2.1) 0.8213
600 mg/d 14 4.0 (2.2) 3.4 (1.8) 3.6 (2.2) 0.3619 –0.43 (1.7) 3.18 (2.0) 0.4890
Part 2- Activities of Daily Living
Placebo 14 23.4 (3.8) 20.4 (3.5) 20.1 (3.7) 0.0011 –3.3 (3.0) 20.6 (3.9) 0.5930
300 mg/d 11 22.8 (3.0) 20.2 (2.5) 21.0 (3.8) 0.0663 –1.8 (2.9) 22.5 (4.1) 0.00965
600 mg/d 14 22.4 (4.5) 21.0 (4.5) 21.4 (4.8) 0.1607 –0.9 (2.3) 22.9 (5.5) 0.0802
Part 3- Motor
Placebo 14 26.1 (5.4) 24.9 (5.2) 26.43 (6.3) 0.7829 0.4 (4.8) 28.6 (6.5) 0.0445
300 mg/d 11 28.5 (6.1) 25.6 (5.7) 27.36 (6.2) 0.3736 –1.1 (3.9) 29.1 (5.7) 0.0977
600 mg/d 14 27.5 (6.6) 25.0 (6.4) 25.29 (6.1) 0.0485 –2.2 (3.8) 29.2 (7.9) 0.0005
Part 4- Complications of Therapy
Placebo 14 11.7 (0.8) 11.2 (0.8) 11.7 (1.0) 1.0000 0 (1.1) 11.5 (1.2) 0.6484
300 mg/d 11 11.6 (1.4) 11.1 (0.7) 11.6 (0.7) 1.0000 0 (1.3) 11.6 (1.3) 1.0000
600 mg/d 14 11.9 (1.9) 11.4 (1.8) 10.8 (0.7) 0.0417 –1.1 (1.8) 11.3 (1.0) 0.0254
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Table 4
Change in UPDRS, by cohort, over the three-month study intervention and following one month washout. Comparisons between cohorts.

P-values lower than 0.05 are in bold, P-values lower than the multiple comparison adjusted cutoff (0.0033) are italicized

Mean Mean Placebo vs Mean 600 mg/d Placebo vs
Placebo (SD) 300 mg/d (SD) 300 mg/d (SD) (SD) 600 mg/d

P-value P-value

Total UPDRS
Baseline 64.9 (7.5) 66.2 (8.9) 0.6603 65.7 (10.3) 0.8161
Week 4 58.4 (5.9) 60.8 (8.5) 0.3934 60.3 (10.6) 0.5629
Week 12 61.5 (8.2) 63.6 (10.4) 0.5581 61.1 (9.7) 0.3817
Washout 63.71 (10.1) 66.91 (9.4) 0.3934 66.85 (13.6) 0.4941
Part 1- Mentation
Baseline 3.7 (1.1) 3.4 (1.1) 0.4770 4.0 (2.2) 0.6519
Week 4 3.4 (1.9) 3.8 (1.4) 0.5315 3.4 (1.8) 1.0000
Week 12 3.2 (1.8) 3.6 (2.2) 0.6030 3.6 (2.2) 0.6030
Washout 2.92 (1.5) 3.7 (2.1) 0.2566 3.18 (2.0) 0.6572
Part 2- Activities of Daily Living
Baseline 23.4 (3.8) 22.8 (3.0) 0.6467 22.4 (4.5) 0.5224
Week 4 20.4 (3.5) 20.2 (2.5) 0.8632 21.0 (4.5) 0.6969
Week 12 20.1 (3.7) 21.0 (3.8) 0.5310 21.4 (4.8) 0.4295
Washout 20.6 (3.9) 22.5 (4.1) 0.2202 22.9 (5.5) 0.2131
Part 3- Motor Daily Living
Baseline 26.1 (5.4) 28.5 (6.1) 0.2804 27.5 (6.6) 0.5444
Week 4 24.9 (5.2) 25.6 (5.7) 0.7370 25.0 (6.4) 0.9642
Week 12 26.43 (6.3) 27.36 (6.2) 0.6756 25.29 (6.1) 0.6427
Washout 28.6 (6.5) 29.1 (5.7) 0.8304 29.2 (7.9) 0.8280
Part 4- Complications of Therapy
Baseline 11.7 (0.8) 11.6 (1.4) 0.8183 11.9 (1.9) 0.7195
Week 4 11.2 (0.8) 11.1 (0.7) 0.7277 11.4 (1.8) 0.7071
Week 12 11.7 (1.0) 11.6 (0.7) 0.7616 10.8 (0.7) 0.0105
Washout 11.5 (1.2) 11.6 (1.3) 0.8342 11.3 (1.0) 0.6359

Table 5
Dopamine equivalents taken by participants during the study, by cohort

n Mean Mean Mean Pre-Post Absolute Mean 4wk Week 12 vs
Baseline Week 4 Week 12 2 sided Change Washout Washout

(SD) (SD) (SD) P-value (SD) (SD) P-value

Placebo 14 498.9 (389.8) 490.6 (393.3) 425.6 (313.8) 0.5833 –8.9 (22.8) 425.6 (313.8) 1.0000
300 mg/d 13 542.3 (411.7) 552.5 (406.3) 558.1 (412.9) 0.9202 –21.5 (41.2) 595.4 (385.5) 0.8179
600 mg/d 14 617.8 (380.8) 571.9 (413.9) 525.5 (342.8) 0.49977 –90.7 (207.9) 532.6 (338.8) 0.9565

collection, shipment, or analysis. Whole blood GSH433

was analyzed in the three-month randomized con-434

trolled trial, Phase I study of (in)GSH in PD. In the435

Phase I study, there was no dose-response effect or436

trend toward RBC increase in the active arms over the437

placebo arm [30]. Whole blood GSH concentrations438

are influenced by diet [31] and even yoga [32, 33],439

so it is possible that factors unrelated to study par-440

ticipation influenced blood GSH concentrations. It is441

also possible that some aspect of study participation442

led to a depletion of whole blood GSH; future trials443

should determine whether these results are repro-444

ducible and whether they are relevant to PD clinical445

outcomes.446

There was a lack of racial diversity in the study,447

although there was an even distribution across gen-448

der and HY stage. It is unclear whether the single449

Fig. 4. Change in total UPDRS scores from placebo arms of ran-
domized controlled PD trials [15, 36–42].

incident of cardiomyopathy in this study is related to 450

the study medication. Research in rodents suggests 451

that reductive stress (attributable to an overabun- 452

dance of antioxidants), may result in insult to 453
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cardiomyocytes. In a transgenic mouse model gen-454

erated to overexpress the antioxidant heat shock455

protein 27 (Hsp27), mice developed cardiomyopa-456

thy, with evidence for reductive stress (increased ratio457

of reduced: oxidized glutathione) decreased levels458

of reactive oxygen species, upregulated GSH per-459

oxidase 1, and decreased iron content in cardiac460

tissue relative to controls. Interestingly, inhibition461

of glutathione peroxidase 1 activity prevented the462

development of cardiomyopathy in these rodents463

[34]. These data suggest that future clinical trials of464

(in)GSH should involve screening for cardiac side465

effects.466

The placebo response in this study deserves more467

attention. Whereas the placebo cohort in the Phase468

I/IIa (in)GSH in PD study exhibited a mean 1.1 + 4.1469

point reduction in UPDRS scores (on par with other470

randomized controlled drug trials in PD), the placebo471

cohort in the current phase IIb study exhibited a472

mean 3.4 (+6.2) point reduction in UPDRS scores473

(Fig. 4). As the goal of this study was to determine474

whether the symptomatic improvements seen in the475

Phase I/IIa were reproducible, all efforts were made476

to minimize differences between the two study proto-477

cols; interventions, study duration, setting, clinician,478

etc. were unchanged relative to the phase I/IIa trial.479

Differences between the current phase IIb and the480

previous phase I/IIa study included: one less study481

visit, more direct data entry into computer and more482

outcome measures, e.g. use of iPhone for Timed-Up-483

and-Go test, and additional counseling on method of484

administration. A study of CNS uptake of GSH in485

PD, which was conducted in the time period between486

the Phase I/IIa and IIb studies, demonstrated that487

supine delivery increased measurable GSH concen-488

trations in the putamen [16]. Thus, in the Phase IIb489

study, participants were encouraged to administer the490

study medication in a supine position (head tipped491

back), and a demonstration video was provided. It is492

possible the emphasis on supine delivery, and staff493

confidence that this approach improves distribution494

of the drug to target tissue, may have resulted in495

increased attention to the ‘ritual of administration’.496

As has been seen in studies of chronic obstruc-497

tive pulmonary disease and cystic fibrosis, it is also498

possible the (in)saline resulted in a physiological499

response, e.g. greater regional blood flow, clearing500

of sinuses, etc., which itself led to symptomatic501

improvement [35].502

Both study staff expertise and community enthu-503

siasm for this research may have increased in the504

years between studies; whereas many studies struggle505

to meet recruitment goals, this study had a wait- 506

ing list of participants eager to participate. Positive 507

interviewing technique was used throughout study 508

visits and participants were regularly thanked for their 509

contributions to the research. It is possible commu- 510

nity enthusiasm resulted in an exaggerated placebo 511

response, exemplified by an email from a study 512

participant, “ Subject: GLUTATHIONE - THE MIR- 513

ACLE MOLECULE . . . LAURIE, I AM EAGER TO 514

READ THE STUDY. IS IT AVAILABLE? AND IF 515

NOT WHEN? I MISS THOSE MONTHLY SES- 516

SIONS, YOUR ENTHUSIASM AND ENERGY 517

ARE THERAPUTIC . . . BE WELL, KEEP UP THE 518

GOOD WORK”. Given the robust placebo response, 519

which was apparently sustained throughout the three- 520

month intervention, subsequent efficacy studies will 521

need to follow participants for extended periods to 522

give the placebo response time to subside. 523

Based on biological plausibility, temporality, 524

demonstration of safety, tolerability, and target vali- 525

dation, a disease-modification trial of (in)GSH in PD 526

is warranted. As this is the fourth published study 527

of GSH supplementation in PD, and the fourth to 528

report symptomatic improvement, further research 529

into the capacity of GSH to improve symptoms 530

is warranted. This study suggests that the UPDRS 531

Part III (motor subset) and the Non-Motor Symptom 532

Score are appropriate outcome measures for subse- 533

quent symptomatic trials. Alternatives to (in)saline 534

should be considered for use in subsequent control 535

arms. 536
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