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Brain Fog and Blue Moods: 
How to Detox Your Body to 
Boost Your Brain Function

Nayan Patel PharmD

1

Objectives

● Causes of poor brain health
● Neurodegenerative disease secondary to 

oxidative stress
● Glutathione’s role in delaying 

neurodegenerative disease
● Various forms of glutathione and PK of 

glutathione
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Hallmarks for Aging

https://www.cell.com/fulltext/S0092-8674%2813%2900645-4
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https://www.cell.com/fulltext/S0092-8674%2813%2900645-4
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https://www.aging-us.com/article/204248/text#f1
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Hallmarks for aging

https://www.cell.com/fulltext/S0092-8674%2813%2900645-4
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Hierarchy to deal with 
endocrine disruption Sex 

Hormones

Thyroid

Diet/Insulin

Adrenals/Cortisol
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Why Zebras Don’t Get Ulcers
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A
Stress occurs

Yikes!!!!!!!!

B
Stress response 

begins in the brain
(lots of chemistry)

C
Fight or Flight

D
Stress response ends 
and stress hormones 

dissipate

Whew!!!

Normal Stress
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STRESSORS 
  
Physical  
Toxic exposure 
Light cycle disruption 
Food intolerance 
Temperature 
extremes Trauma   

 Physiological 
Glucose dysregulation 
Chronic infection 
Pain  
Lack of sleep 
Dietary Imbalances 
Excessive exercise 
Chronic inflammation 
Serotonin  
GABA   

 Mental  
Emotional drain 
Anxiety  
Depression  
Alpha adrenal stimulus 

Normal Stress Response

Sympathetic
stress

HP

Adrenal
cortex

Total
DHEA(S)

Free
DHEA(S)

Total
Cortisol

Free
Cortisol

Optimal
Cortisol to DHEA

Ratio

Negative feedback loop
Epinephrine

NE
ACTH NFL

Following a stressor, the normal stress response involves:
•Increased ACTH
•Increased cortisol and DHEA(S)
•Cortisol to DHEA(S) ratio is maintained in balance
•Increased cortisol inhibits further ACTH output thereby moderating stress 
response
•The increase steroid output promptly returns to normal when stressor is removed

Stressors

Key to normal response:  HPA sensitivity to feedback inhibition & optimal cortisol to DHEA(S) ratio

KEY
Association
Stimulus
Outcome
Inhibition
HP: Hypothalamus
NFL: Negative feedback loop
NE: Norepinephrine
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Physical effects of a sudden stressor

● Increased blood pressure
● Increased heart rate
● Increased heart contraction
● Increased blood flow to active muscles
● Decreased blood flow to areas not needed for rapid activity 

such as kidneys and intestines
● Dilated pupils
● Dilated bronchial tubes
● Increased muscular strength
● Release of glucose from liver
● Increase mental activity
● Increased metabolic rate
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Chronic Stress

Yikes!!!!!!!!Yikes!!!!!!!!

A
Stress occurs

B
Same stress 

response begins in 
the brain

(lots of chemistry)

C
Modern stressors do not 

permit fight or flight

D
Stress Response continues 
and stress hormones lead to 

tissue damage

E
Stress is killing us
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STRESSORS 
  
Physical  
Toxic exposure 
Light cycle disruption 
Food intolerance 
Temperature 
extremes Trauma   

 Physiological 
Glucose dysregulation 
Chronic infection 
Pain  
Lack of sleep 
Dietary Imbalances 
Excessive exercise 
Chronic inflammation 
Serotonin  
GABA   

 Mental  
Emotional drain 
Anxiety  
Depression  
Alpha adrenal stimulus 

Chronic Stress Response

Sympathetic
stress

HP

Adrenal
cortex

Total
DHEA(S)

Free
DHEA(S)

Total
Cortisol

Free
Cortisol

Reduced HP sensitivity to negative feedback loopEpinephrine

NE
ACTH NFL

Elevated
Cortisol to DHEA

Ratio

Stressors
(Compensated/divergence phase)

Normal no
increase

Energy Production
• Insulin sensitivity ↓
• Glucose utilization ↓
• Blood sugar levels ↑
• Gluconeogenesis ↑

Other Influences
• Osteoporosis (bone loss) ↑
• Fat accumulation (waist) ↑
• Protein breakdown ↑
• Salt & water retention ↑

Immune activity
• Secretory IgA ↓
• Antigen penetration ↑
• Circulation IgG ↑
• NK cell activity ↓
• Interleukin 2 ↓
• T-Lymphocytes ↓

Increased infection
Chronic EBV, CMV
Yeast overgrowth
Allergies

Insomnia
Reduced Vitality
Hunger
PMS…..etcDivergence has occurred when elevated cortisol is not paralleled by a DHEA(S) increase

KEY
Association
Stimulus
Outcome
Inhibition
HP: Hypothalamus
NFL: Negative feedback loop
NE: Norepinephrine
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Technique to reduce stress

● Exercise
● Meditation
● Yoga
● Sleep
● Deep breathing
● Progressive muscle 

relaxation/Massage
● Aromatherapy
● Mindfulness-based stress 

reduction

● Healthy diet
● Guided imagery/Visualization
● Acupuncture
● Psychotherapy
● Walking
● Cognitive behavioral therapy
● Music therapy
● Tai chi
● Hydrotherapy
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What is Oxidative stress
● Oxidative stress occurs when there is an imbalance between the 

production of reactive oxygen species (ROS) and the body's 
antioxidant defense mechanisms

15
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Causes of poor brain health

● Inflammation – Prevent and reduce 
● Hormones & lack of brain nutrients – Optimize 

both
● Toxins – heavy metals, biotoxins

The end of Alzheminer’s by Dale E. Bredesen, MD 2017.

16

Oxidative Stress and Neurodegeneration

● Parkinson’s Disease
● Mild cognitive impairment
● Alzheimer’s Disease
● Huntington’s disease
● Amyotropic lateral schlerosis (ALS)
● Spectrum disorder. Ex: Autism.
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Toxins – Heavy metals, biotoxins

● Heavy metals such as copper and mercury.
● Biotoxins mainly mycotoxins due to mold.
● Body produces β-amyloid to protect neurons from 

heavy metals, mycotoxins, etc…

18
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Signs and Symptoms of Brain Fog

• Difficulty concentrating
• Difficulty multitasking
• Forgetfulness
• Short term and long term memory loss
• Cognitive impairment
• Feeling spacy or confused
• Word-finding difficulties
• Mental exhaustion or fatigue
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Common Reasons For Brain Fog

● Prescriptions medications
● Leaky gut and or nutrient deficiencies
● Food sensitivities or allergy
● Sleep and sleep disordered breathing
● Mold and heavy metal toxicity
● Post viral syndrome
● Menopause or andropause
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Common Reasons For Brain Fog

● Prescription medications can cause decreased cognition
○ Sedatives, sleep medications, pain medications, antihistamines, 

bladder control medications, and others often come with the side 
effect of dizziness or sleepiness.

● Leaky Gut and/or poor diet
○ If you have poor diet may lead to GI symptoms such as excess gas, 

bloating, fullness after eating, constipation or diarrhea, and food 
intolerances. 

○ Your stomach lining may not be intact. May lead to poor absorption 
and coupled that with poor quality food, high in simple 
carbohydrates, trans fats loaded with artificial food additives, causes 
inflammation in the body. 

○ This inflammation can cause brain fog symptoms due to lack in 
particularly vitamin D and B vitamins, are associated with brain fog. 

21
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Common Reasons For Brain Fog

● Food Sensitivities or allergies
○ Brain fog is a common symptom for people with celiac disease and non-celiac gluten 

sensitivity. While the link between gluten and brain fog is not fully understood, it is a 
well-documented symptom of people with gluten sensitivity.

● Sleep Disordered Breathing
○ Sleep-disordered breathing is a more common occurrence than previously thought 

and, as of 2018, affects upwards of 100 million people worldwide. Obstructive sleep 
apnea remains the leading type of sleep-disordered breathing and affects up to 50% 
of men and 31% of women worldwide. Sleep apnea is a potentially serious sleep 
disorder in which breathing repeatedly stops and starts. You may not be getting 
adequate oxygen to your brain and other vital organs during this time nor restful, 
restorative sleep. This leads to grogginess and fatigue the next day.

○ The body and brain complete a self-cleaning cycle of removing toxins during sleep. 
When this is unable to occur due to lack of quality sleep, it can result in brain fog. 
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Common Reasons For Brain Fog

● Mold and Heavy Metal Toxicity 
○ External toxicants such as mold or heavy metals can cause brain fog. 

Some molds produce chemicals that can lead to brain fog. Heavy metal 
toxicity, such as too much mercury and aluminum, has long been linked 
to brain fog symptoms.

● Post-Viral Syndrome
○ Viruses, such as the COVID-19 virus, can cause systemic inflammation. 

The COVID-19 pandemic has brought brain fog to the forefront as a 
symptom of COVID long-haulers syndrome. While it is not possible to 
test for every virus we're exposed to or prove that the brain fog you're 
experiencing is related to COVID-19, the good news is that the 
treatment is the same, and with time, symptoms should improve.
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Common Reasons For Brain Fog

● Menopause & Perimenopause
○ Brain fog is a common complaint for women going 

through perimenopause and menopause. 
Fluctuating hormone levels, 
particularly estrogen shifts, during this time not 
only affect energy levels but can cause symptoms 
such as forgetfulness, difficulty concentrating and 
brain fog.
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https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2018.197.1_MeetingAbstracts.A3962
https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2018.197.1_MeetingAbstracts.A3962
https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2018.197.1_MeetingAbstracts.A3962
https://www.clinicaltherapeutics.com/article/S0149-2918(18)30229-7/fulltext
https://pubmed.ncbi.nlm.nih.gov/34299140/
https://pubmed.ncbi.nlm.nih.gov/29034866/
https://www.rupahealth.com/post/a-functional-medicine-approach-to-estrogen-imbalance
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Body produces 
Glutathione to 
counter act 
oxidative stress

Various ways to 
increase 
oxidative stress
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https://pubmed.ncbi.nlm.nih.gov/30737462/

The brain mostly uses glucose for energy, but in AD 
and amnestic mild cognitive impairment glucose 
metabolism is dramatically decreased, at least in part, 
to oxidative damage to enzymes involved in glycolysis, 
the tricarboxylic acid cycle and ATP biosynthesis.
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https://pubmed.ncbi.nlm.nih.gov/30737462/
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Glutathione and/or 
Antioxidants

The Role

28

● ?

https://www.sciencedirect.com/science/article/pii/S0197458021002402?via%3Dihub

Oxidative stress therapeutics such as antioxidants, 
caloric restriction and physical activity can 
reduce oxidation and prevent cognitive decline in 
brain aging and AD.
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https://pubmed.ncbi.nlm.nih.gov/22120629/

Healthy young male and  
female subjects have higher 
amount of GSH in the 
parietal cortical region and a 
specific GSH distribution 
pattern (parietal 
cortex>frontal 
cortex>hippocampus ~ 
cerebellum) has been found.

Overall mean GSH content is 
higher in healthy young 
female compared to healthy 
young male subjects
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https://www.sciencedirect.com/science/article/pii/S0197458021002402?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/22120629/
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https://www.mdpi.com/1420-3049/27/1/324

Free radicals, particularly oxygen radicals, play 
important roles in age-related changes and in the 
pathogenesis of several neurodegenerative 
diseases. Our defense against oxygen radicals 
relies on the enzymes of the glutathione/thioredoxin 
antioxidant system, which inactivate ROS and 
NOS, glutathione peroxidase detoxifies peroxides, 
including H2O2 and peroxides that are generated 
during the oxidation of membrane lipids
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Yutani—Treatment Limitations and Care Gaps with a Novel 
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INTRODUCTION
Current therapeutic options that address COVID-19 

illness are vaccination, monoclonal antibodies, antivirals, 
directed immunomodulators and corticosteroids such as 
dexamethasone. !e goal is to decrease the viral load or 
address the pathophysiology of cytokine dysregulation.1 
Despite their successes, each has its limitations. Vaccines 
have demonstrated remarkable e"cacy in reducing deaths 
and hospitalizations; however, they are less e#ective in 
immunocompromised individuals and against new SARS-
CoV-2 variants.2 Furthermore, we may have reached the limit 
of vaccinating the general populace given the resistance, 
reluctance or contraindications to receiving vaccinations of 
many individuals. Monoclonal antibodies are noteworthy, 
but their e"cacy is also diminished by the continued 
appearance of new variants.3 Directed immunomodulators 
address the consequence, but not the cause, of cytokine 
dysregulation. Antivirals either a#ect viral RNA replication 

or proteolysis. !ose that act through RNA-dependent RNA-
polymerase (RdRp) are mutagenic, potentially teratogenic 
and are thereby contraindicated in individuals who are 
pregnant or plan to become pregnant.4 Paxlovid™ inhibits 
proteolysis and is more e#ective in reducing the incidence of 
hospitalization than RNA-directed antivirals. However, its 
use is complicated when treating individuals who are 
receiving other medications, due to its enhancement of 
cytochrome-mediated drug-drug interactions. Paxlovid use 
is also restricted to high-risk individuals.

Dexamethasone is currently the primary medication 
approved for critically ill patients with COVID-19.1 Except 
for those individuals who are mechanically ventilated, it has 
a statistically signi$cant but limited clinical bene$t.5 Since it 
is an immunosuppressant, it is detrimental if given too early 
(likely by suppressing the early adaptive immune response) 
and later when given in excess. Furthermore, clinical studies 
have demonstrated its limited ability to signi$cantly shorten 
the hospital course. Even when dexamethasone is given 
together with directed immunomodulators, our hospital 
healthcare system will continue to be overburdened with 
each surge until we are able to signi$cantly shorten the days 
of hospitalization. Finally, many of the above treatments 
require intravenous (IV) administration, and thus their place 
of administration is limited to hospitals or infusion centers.

A signi$cant and ever-growing consequence of COVID-19 
illness is the post-COVID syndrome, o"cially known as 
post-acute sequelae of COVID-19 (PASC). Currently there is 
no recognized e#ective treatment, and its multiple symptoms 

ABSTRACT
We are approaching the fourth year of the COVID-19 
pandemic. Although great progress has been made in 
addressing the SARS-CoV-2 infection, there are signi$cant 
treatment limitations and care gaps that need to be 
addressed in order to more e#ectively treat patients 
critically ill with COVID-19 and the large population of 
patients with post-COVID symptoms. We highlight the 
signi$cance of the cytokine storm in the immunothrombotic 
process of COVID-19 illness. Finally, we present scienti$c  

evidence of the utility of a novel complementary 
therapeutic agent, the glutathione-cyclodextrin complex, 
that will likely address those limitations and close those 
gaps. If con$rmed by rigorous clinical trials, the complex 
will have a signi$cant impact on the treatment of the 
entire spectrum of COVID-19 illness and contribute to 
the control or resolution of the COVID-19 pandemic. 
(Altern !er Health Med. [E-pub ahead of print.])

Yutani—Treatment Limitations and Care Gaps with a Novel Alternative 
and Complementary Agent 

ALTERNATIVE THERAPIES, [E-PUB AHEAD OF PRINT]

!is article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1078-6791. To subscribe, visit alternative-therapies.com

population of patients with COVID-19 and hopefully 
contribute to achieving control or resolution of the COVID-19 
pandemic.

CONCLUSION
A"er nearly three years, the COVID-19 pandemic 

remains an unresolved global healthcare problem. Despite 
the use of vaccines, antivirals, monoclonal antibodies and 
both directed and global immunomodulators, the incidence 
of COVID-19 illness has waxed and waned with the 
appearance of each new variant. Treatment limitations and 
care gaps in both acute and post-COVID-19 illness still exist. 
A novel G-C complex has been presented that may address 
those issues. !is may be accomplished through the unique 
but complimentary antiviral action of cyclodextrin and 
prevention or modulation of the CSS with GSH. Evidence has 
been presented that the complex can potentially, (1) avoid 
hospitalization if administered early, (2) decrease hospital 
days and mortality rate in seriously ill patients by 
simultaneously reducing the viral load and tempering the 
CSS and (3) prevent and/or treat the post-COVID syndrome. 
It may be used across the entire spectrum of COVID-19 
illness regardless of inherent risk or clinical status. Of note, it 
complements current treatment modalities, is easily 
administered, non-toxic and currently available for use. As 
promising as the complex appears to be, rigorous clinical 
trials are needed to con#rm its e$cacy and safety.
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Of the many persistent symptoms a"er COVID-19 
illness, extreme fatigue that is similar to myalgic 
encephalomyelitis/chronic fatigue syndrome (ME/CFS) has 
been recognized as a prominent feature of the post-COVID 
syndrome. !ere are many overlaps in their symptoms and 
pathophysiology.133-135

Unlike currently accepted treatments, the GSH-
cyclodextrin complex can be safely given throughout the 
entire spectrum of COVID-19 illness. As such, it may be 
e&ective in preventing and treating reversible post-COVID 
symptoms. !is contrasts with the recommendations in a 
review article and National Institute of Health (NIH) 
guidelines on post-COVID syndrome that was limited to 
supportive care, rehabilitation, counselling and nutritional 
supplements.1

DISCUSSION
!e eventual control or resolution of our current 

COVID-19 pandemic will not be accomplished with a single 
“magic bullet,” but with a multi-pronged approach using all 
therapeutic measures when indicated and as available. !ere 
are three overarching goals that need to be addressed in the 
COVID-19 pandemic. First is to prevent or treat severe 
illness, next to treat the post-COVID syndrome and #nally to 
prevent the development of new variants.

Prevention of severe illness from SARS-CoV-2 infection 
can be accomplished by reducing the initial viral load and 
mitigating the maladaptive immune response. Reducing the 
viral load is addressed with vaccines, monoclonal antibodies, 
antivirals and, potentially, with Spi-Dex, sabizabulin or 
cyclodextrin. Early mitigation of a maladaptive immune 
response can apparently be managed with sabizabulin or 
glutathione. Sabizabulin and the G-C complex are unique in 
that they have simultaneous e&ects on viral replication and 
immune dysregulation. Although promising in phase 3 trials, 
sabizabulin is not currently available for use. !e advantage 
of the G-C complex is that it is a currently available OTC 
product that can be safely administered at any time in the 
COVID-19 illness regardless of its severity. !rough its 
actions on viral replication and reducing OxS, the G-C 
complex has the potential to be e&ective in not only preventing 
and treating severe illness but also managing the post-
COVID syndrome. Of note, by addressing the intertwined 
immuno-thrombotic process, early management of the CSS 
would likely prevent much of the initial direct tissue injury, 
vasculitis, coagulopathy and consequent morbidity and 
mortality from SARS-CoV-2 infection.

Given the continued emergence of new variants, the 
reduction of viral mutations is needed to control the 
pandemic. !is can be accomplished with early detection, 
contact tracing, and prompt treatment of COVID-positive 
individuals regardless of the absence or severity of symptoms. 
Complicating the identi#cation and treatment of new cases 
of COVID-19 is the greater availability and use of home 
antigen testing kits. Nevertheless, the ease of use and safety of 
the G-C complex may be a pathway to treat a larger 

https://pubmed.ncbi.nlm.nih.gov/37083644/
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human clinical trial 
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Topical Absorption of Glutathione–Cyclodextrin Nanoparticle
Complex in Healthy Human Subjects Improves Immune
Response against Mycobacterium avium Infection
Kayvan Sasaninia 1,† , Melissa Kelley 2,†, Arbi Abnousian 1,†, Ali Badaoui 1, Logan Alexander 1, Nisar Sheren 1 ,
James Owens 1, Shlok Rajurkar 3, Brianna Razo-Botello 4, Abraham Chorbajian 1, Sonyeol Yoon 1, Sanya Dhama 5,
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Abstract: Glutathione (GSH) is an important intracellular antioxidant responsible for neutralizing
reactive oxygen species (ROS). Our laboratory previously demonstrated that the oral administration
of liposomal GSH improves immune function against mycobacterium infections in healthy patients
along with patients with HIV and Type 2 diabetes. We aim to determine if the topical application
of a glutathione–cyclodextrin nanoparticle complex (GSH-CD) confers a therapeutic effect against
mycobacterium infections. In our study, healthy participants received either topical GSH-CD (n = 15)
or placebo (n = 15) treatment. Subjects were sprayed four times twice a day for three days topically on
the abdomen. Blood draws were collected prior to application, and at 1, 4, and 72 h post-initial topical
application. GSH, malondialdehyde (MDA), and cytokine levels were assessed in the processed
blood samples of study participants. Additionally, whole blood cultures from study participants
were challenged with Mycobacterium avium (M. avium) infection in vitro to assess mycobacterium
survival post-treatment. Topical GSH-CD treatment was observed to elevate GSH levels in peripheral
blood mononuclear cells (PBMCs) and red blood cells and decrease MDA levels in PBMCs 72 h
post-treatment. An increase in plasma IL-2, IFN-�, IL-12p70, and TNF-↵ was observed at 72 h
post-topical GSH-CD treatment. Enhanced mycobacterium clearance was observed at 4 h and
72 h post-topical GSH-CD treatment. Overall, topical GSH-CD treatment was associated with
improved immune function against M. avium infection. The findings of this pilot study suggest
GSH–cyclodextrin complex formulation can be used topically as a safe alternative mode of GSH
delivery in the peripheral blood.

Keywords: glutathione; oxidative stress; mycobacterium; cyclodextrin; topical

1. Introduction
Glutathione (GSH) is an intracellular thiol produced by cells to detoxify free radical

species during metabolism, infection, or environmental exposure [1]. GSH is a tripeptide
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of infected tissues [34]. Additionally, TNF-↵ promotes the phagosome-lysosomal fusion
of phagocytosed mycobacterium [35]. In the placebo group, we observe no significant
difference in pretreated or placebo-treated plasma IFN-�. A significant reduction in IL-2
production was observed along with a nonsignificant reduction in IL-12p70 and TNF-↵ by
the study endpoint in the placebo group compared to pretreatment (Figure A2). Consistent
with our previous study with L-GSH oral supplementation, GSH-CD treatment significantly
elevated the levels of IL-12p70, TNF-↵, IL-2, and IFN-� 72 h after the initial treatment was
administered compared to a placebo, indicating enhanced Th1 cytokine production after
GSH-CD treatment (Figure 5).

A whole blood infection assay was performed to assess if GSH-CD topical treatment
affects the control of M. avium infection (Figure 6). M. avium is one of the most common
nontuberculosis mycobacteria to cause pulmonary infections [36]. M. avium is ubiquitous in
the environment, and immunocompromised individuals are at an elevated risk of acquiring
M. avium infection [37]. M. avium is treated with macrolides, such as azithromycin and
clarithromycin, alongside other agents such as rifampicin [38]. However, the emergence
of antibiotic-resistant strains presents the need to develop new treatment modalities. We
previously demonstrated that L-GSH supplementation augments host protective effects
against M. tb and Mycobacterium bovis strain Bacillus Calmette–Guérin (BCG); however,
we have yet to assess if GSH is efficacious against M. avium [13,39]. With the observed
elevation in rGSH, reduced oxidative stress, and the stimulation of Th1 cytokines after GSH-
CD treatment, we proposed that GSH-CD could lower the burden of M. avium infection.
GSH-CD-supplemented patients demonstrated significantly higher control of the M. avium-
infected whole blood at 4 h and 72 h after the initial treatment when compared to the
placebo group at both 1 h and 72 h post-infection. These findings suggest that GSH-CD
treatment can yield improved control of the initial and sustained M. avium infection 4 h
after the initial topical application. Continued GSH-CD application for three days yielded
significantly reduced M. avium survival.

Overall, our findings suggest that topical GSH-CD application may improve the
control of M. avium infection by increasing blood rGSH levels, reducing oxidative stress, and
inducting a Th1-promoting cytokine response. Sampling errors resulting in the exclusion
of participant data from analysis and reducing comparison group size present a limitation
to this pilot study. Thus, further studies with increased sample sizes are needed to assess
the efficacy of topical GSH-CD in elevating GSH levels in healthy or immunocompromised
patients, such as those with HIV or T2DM. Topical GSH-CD treatment did not result in
the complete clearance of M. avium infection by the study endpoint, warranting further
studies evaluating optimal dose ranges, treatment durations, and combination treatment
with first-line antibiotics. No adverse effects were reported during this study; however,
an evaluation for the potential for skin discoloration or heightened TNF-a levels after
the long-term application of GSH-CD is recommended. While M. avium infection in this
study served as a model for mycobacterium infections in the blood, additional in vitro
studies are needed to assess the efficacy of GSH-CD against M. tb infection. Additionally,
placebo-controlled randomized trials with patients with active M. tb infections are needed
to confirm the efficacy of topical GSH-CD as an adjunctive therapeutic approach against TB.

5. Conclusions
The topical application of the glutathione–cyclodextrin nanoparticle complex is a

non-invasive route of administration for GSH delivery with no reported side effects in
healthy patients. GSH-CD treatment may enhance the immune response, resulting in a
reduction in the burden of M. avium in vitro. Improved M. avium control may be a result of
increased rGSH levels, reduced oxidized stress, and increases in the Th1 cytokines IFN-�,
IL-12p70, IL-2, and TNF-↵ after GSH-CD treatment (Figure 7).
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Figure 3. Glutathione (GSH) levels in healthy patients receiving placebo or GSH-CD topical
treatment. (A) Levels of the reduced form of GSH in the RBCs isolated from the placebo (n = 12)
and GSH-CD (n = 12) groups at 72 h post-initial application. (B) Levels of reduced GSH in the
PBMCs isolated from the placebo (n = 12) and GSH-CD (n = 13) groups at 72 h post-initial application.
Measurements for the rGSH levels are normalized against the total protein levels in the RBCs and
PBMCs. All comparisons were made via an unpaired t-test with Welch’s correction. Single and
double asterisks indicate statistical significance with p-values < 0.05 and <0.005, respectively.

Figure 4. Malondialdehyde (MDA) levels in healthy patients receiving placebo or GSH-CD topi-
cal treatment. (A) MDA levels in the PBMCs isolated from the placebo (n = 12) and GSH-CD (n = 12)
groups at 4 h post-initial application. (B) MDA levels in the PBMCs isolated from the placebo (n = 12)
and GSH-CD (n = 12) groups at 72 h post-initial application. Measurements for the PBMC MDA are
normalized against total PBMC protein levels. All comparisons were made via an unpaired t-test
with Welch’s correction. Asterisks indicate statistical significance with a p-value < 0.05.
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Figure 2. Scheme for whole blood infection assay. Whole blood derived from blood samples collected
at each time point in the study were infected with M. avium and incubated until termination at 1 h
and 72 h post-infection.

2.10. Statistical Analysis
Statistical data analysis was performed using GraphPad Prism Software version 9. The

levels of GSH, MDA, cytokines, and CFUs were compared between the placebo and treat-
ment groups using an unpaired t-test with Welch’s correction. Multiple group comparison
was performed using ordinary one-way ANOVA. Following data collection, data quality as-
sessment and exclusion were conducted prior to group comparisons. Statistically significant
differences between treatment groups were determined when the p-value < 0.05. A single
asterisk (*) denotes a p-value < 0.05, and a double asterisk (**) indicates a p-value < 0.005.

3. Results
3.1. Elevated Levles of Reduced GSH after GSH-CD Topical Treatment

Reduced GSH (rGSH) levels were assessed in the RBCs of healthy patients between
the GSH-CD group (n = 12) and the placebo group (n = 12) post-topical solution application.
Sampling errors resulting in out-of-range rGSH levels from three participants in each arm
were excluded from the analysis. rGSH is significantly elevated in the RBCs of healthy
patients receiving GSH-CD 72 h post-initial application compared to the placebo group
(Figure 3A). The rGSH levels were assessed in the PBMCs of healthy patients 72 h post-
treatment between the placebo group (n = 12) and the GSH-CD group (n = 13). Out-of-range
rGSH levels of three patients in the placebo group and two patients from the GSH-CD
group were excluded from the analysis. rGSH was observed to be significantly elevated
in the PBMCs of healthy patients 72 h post-GSH-CD application compared to the placebo
(Figure 3B).

3.2. MDA Levels Are Decreased after Topical GSH-CD Treatment
Malondialdehyde (MDA) is a stable end product of lipid peroxidation and was mea-

sured to assess oxidative stress after topical treatment. Sampling errors resulting in out-of-
range values were excluded. Levels of MDA in the PBMCs were measured 4 h post-initial
treatment application between the GSH-CD arm (n = 12) and the placebo arm (n = 12).
Out-of-range MDA levels in the PBMCs from three participants in each arm were excluded
from the analysis. MDA was observed to be decreased in the PBMCs in healthy patients re-
ceiving GSH-CD treatment 4 h post-initial application compared to the placebo (Figure 4A).
The MDA levels in the PBMCs were compared between participants in the placebo (n = 12)
and GSH-CD (n = 12) groups. Out-of-range MDA levels from three participants in each arm
were excluded from the analysis. A reduction in MDA was maintained at 72 h in patients
receiving GSH-CD treatment compared to patients receiving the placebo (Figure 4B).
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Figure 3. Glutathione (GSH) levels in healthy patients receiving placebo or GSH-CD topical
treatment. (A) Levels of the reduced form of GSH in the RBCs isolated from the placebo (n = 12)
and GSH-CD (n = 12) groups at 72 h post-initial application. (B) Levels of reduced GSH in the
PBMCs isolated from the placebo (n = 12) and GSH-CD (n = 13) groups at 72 h post-initial application.
Measurements for the rGSH levels are normalized against the total protein levels in the RBCs and
PBMCs. All comparisons were made via an unpaired t-test with Welch’s correction. Single and
double asterisks indicate statistical significance with p-values < 0.05 and <0.005, respectively.

Figure 4. Malondialdehyde (MDA) levels in healthy patients receiving placebo or GSH-CD topi-
cal treatment. (A) MDA levels in the PBMCs isolated from the placebo (n = 12) and GSH-CD (n = 12)
groups at 4 h post-initial application. (B) MDA levels in the PBMCs isolated from the placebo (n = 12)
and GSH-CD (n = 12) groups at 72 h post-initial application. Measurements for the PBMC MDA are
normalized against total PBMC protein levels. All comparisons were made via an unpaired t-test
with Welch’s correction. Asterisks indicate statistical significance with a p-value < 0.05.
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Figure 2. Scheme for whole blood infection assay. Whole blood derived from blood samples collected
at each time point in the study were infected with M. avium and incubated until termination at 1 h
and 72 h post-infection.

2.10. Statistical Analysis
Statistical data analysis was performed using GraphPad Prism Software version 9. The

levels of GSH, MDA, cytokines, and CFUs were compared between the placebo and treat-
ment groups using an unpaired t-test with Welch’s correction. Multiple group comparison
was performed using ordinary one-way ANOVA. Following data collection, data quality as-
sessment and exclusion were conducted prior to group comparisons. Statistically significant
differences between treatment groups were determined when the p-value < 0.05. A single
asterisk (*) denotes a p-value < 0.05, and a double asterisk (**) indicates a p-value < 0.005.

3. Results
3.1. Elevated Levles of Reduced GSH after GSH-CD Topical Treatment

Reduced GSH (rGSH) levels were assessed in the RBCs of healthy patients between
the GSH-CD group (n = 12) and the placebo group (n = 12) post-topical solution application.
Sampling errors resulting in out-of-range rGSH levels from three participants in each arm
were excluded from the analysis. rGSH is significantly elevated in the RBCs of healthy
patients receiving GSH-CD 72 h post-initial application compared to the placebo group
(Figure 3A). The rGSH levels were assessed in the PBMCs of healthy patients 72 h post-
treatment between the placebo group (n = 12) and the GSH-CD group (n = 13). Out-of-range
rGSH levels of three patients in the placebo group and two patients from the GSH-CD
group were excluded from the analysis. rGSH was observed to be significantly elevated
in the PBMCs of healthy patients 72 h post-GSH-CD application compared to the placebo
(Figure 3B).

3.2. MDA Levels Are Decreased after Topical GSH-CD Treatment
Malondialdehyde (MDA) is a stable end product of lipid peroxidation and was mea-

sured to assess oxidative stress after topical treatment. Sampling errors resulting in out-of-
range values were excluded. Levels of MDA in the PBMCs were measured 4 h post-initial
treatment application between the GSH-CD arm (n = 12) and the placebo arm (n = 12).
Out-of-range MDA levels in the PBMCs from three participants in each arm were excluded
from the analysis. MDA was observed to be decreased in the PBMCs in healthy patients re-
ceiving GSH-CD treatment 4 h post-initial application compared to the placebo (Figure 4A).
The MDA levels in the PBMCs were compared between participants in the placebo (n = 12)
and GSH-CD (n = 12) groups. Out-of-range MDA levels from three participants in each arm
were excluded from the analysis. A reduction in MDA was maintained at 72 h in patients
receiving GSH-CD treatment compared to patients receiving the placebo (Figure 4B).
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Summary

 Background: Recent evidence shows that subjects diagnosed with an autism spectrum disorder (ASD) have sig-
nificantly lower levels of glutathione than typically developing children. The purpose of this study 
was to examine the use of two commonly used glutathione supplements in subjects diagnosed with 
an ASD to determine their efficacy in increasing blood glutathione levels in subjects diagnosed 
with an ASD.

 Material/Methods: The study was an eight-week, open-label trial using oral lipoceutical glutathione (n=13) or trans-
dermal glutathione (n=13) in children, 3–13 years of age, with a diagnosis of an ASD. Subjects un-
derwent pre- and post-treatment lab testing to evaluate plasma reduced glutathione, oxidized glu-
tathione, cysteine, taurine, free and total sulfate, and whole-blood glutathione levels.

 Results: The oral treatment group showed significant increases in plasma reduced glutathione, but not whole-
blood glutathione levels following supplementation. Both the oral and transdermal treatment groups 
showed significant increases in plasma sulfate, cysteine, and taurine following supplementation.

 Conclusions: The results suggest that oral and transdermal glutathione supplementation may have some ben-
efit in improving some of the transsulfuration metabolites. Future studies among subjects diag-
nosed with an ASD should further explore the pharmacokinetics of glutathione supplementation 
and evaluate the potential effects of glutathione supplementation upon clinical symptoms.
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Upon taking glutathione, there was an 
increase of all 3 amino acid, Glycine, 
Cysteine & glutamic acid. Assumption 
is that the body produces glutathione 
using the various amino acids.
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High-dose intravenous glutathione in man.
Pharmacokinetics and effects on cyst(e)ine in
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• Following IV 
therapy of 2gm 
GSH increase 
plasma level (not 
RBC)

• 300 fold increase 
in urine within 
23.3 mins max. 
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Current Technologies to cross blood brain barrier

● Nano-technologies

Review of Current Strategies for Delivering Alzheimer's Disease Drugs across the Blood-Brain Barrier. https://pubmed.ncbi.nlm.nih.gov/30658419/

41

Hope!!!

● Cyclodextrin effectively used 
to transport water soluble 
molecule 

● Can we deliver 
Glutathione????
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My dear friend Dr. Nayan Patel is at the 
forefront of the latest GSH research, and 
an expert on how to raise your 
glutathione levels to help revitalize your 
body and transform your health. He holds 
the patent for the transdermal 
Glutathione spray, Glutaryl, and is the 
author of his new book, The Glutathione 
Revolution. His book is a wealth of 
information and has been a game-
changer in my personal health and 
wellness
journey.”

- Tony Robbins
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