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Abstract
Two cases (a 73 and a 67-year-old) with low serum reduced glutathione (GSH) were supplemented with GSH
using IontoPatch™ (IontoPatch, St. Paul, USA) to determine whether GSH serum levels could be restored to
within the reference range using this technology. A 1 mL dose of a 200 mg/mL saline solution of GSH was
added to the patch’s negative electrode for each treatment. The patch was applied on the upper arm’s skin
and was worn for six consecutive days for at least four hours each day. Serum levels of GSH were assessed at
baseline and days 7 and 23 after treatment was initiated. In both cases, serum GSH levels increased after
seven days of treatment (64.4 and 21.8%). Serum GSH levels then decreased between days 7 and 23 to 44.5
and 17.2% above baseline. There were no adverse events reported in either case. More extensive studies
should be conducted to determine the pharmacokinetics, safety of long-term supplementation, and
supplementation health benefits.
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Introduction
Glutathione (GSH) is the most abundant exogenous antioxidant in human cells and is found in both the
reduced (GSH) and oxidized (glutathione disulfide (GSSG)) forms. GSH is a tripeptide comprised of cysteine,
glutamic acid, and glycine. Depletion of GSH may occur when the cellular levels of these components are
limited or when demand is high. GSH depletion increases the cell’s susceptibility to damage to DNA, RNA,
lipids, and proteins caused by oxidants and reactive metabolites.

Reactive oxygen species (ROS) produced in the body can promote oxidative damage to cells and may cause
genomic instability and mitochondrial dysfunction, two hallmarks of aging [1]. The concentration of GSH
has been shown to decrease with aging [2,3], resulting in reduced antioxidant activity in cells.
Consequently, lower GSH levels have been associated with an increased risk of aging-associated diseases,
such as cardiovascular diseases, arthritis, macular degeneration, Alzheimer’s disease, Parkinson’s disease,
and diabetes [3-7]. Relatively higher blood levels of GSH, on the other hand, are associated with improved
physical and mental health in older individuals [5,8] and with a reduced risk of developing Alzheimer’s
disease [9]. Supplementation of GSH may, therefore, protect against age-related morbidity and mortality.

Supplementation of GSH has its challenges as it is a water-soluble peptide that has to cross the hydrophobic
plasma membrane and the half-life in plasma is short at 1.6 minutes [10]. Oral supplementation additionally
requires a formulation that prevents acidic breakdown in the stomach environment and can be achieved
through liposomal formulations [11]. However, indirect oral supplementation is possible by intake of whey
protein. In recent years, intravenous (IV) supplementation has become a popular method to restore GSH
levels. It is an effective method [12] but has its limitations as it is only accessible in a specialty clinic setting
and is expensive and inconvenient for patients.

Two aging patients with low serum GSH levels were supplemented with GSH in our clinic using a non-
invasive drug delivery device, the IontoPatch™ (IontoPatch, St. Paul, USA), to deliver GSH through the skin.
The IontoPatch™ technology uses bipolar electric fields, iontophoresis, to deliver molecules across the skin
into the underlying tissue. Iontophoresis is widely used in physical therapy for localized treatment of pain
and inflammation [13].

Case Presentation
Two healthy older participants were found to have abnormally low serum GSH levels measured. The first
case was a 73-year-old Caucasian non-smoker male with a history of coronary artery disease,
hypothyroidism, hypertension, and hyperlipidemia. The case was on the following medication:
levothyroxine 88 mcg, Plavix 75 mg, allopurinol 300 mg, and atorvastatin 80 mg. Additionally, the patient
uses several supplements, including vitamin C, D, arginine, magnesium, berberine, B-complex, and zinc.
During blood tests and GSH treatment, the patient was in a normal state of health. At initial blood draw,
total GSH was below the reference range (544-1228 μM) at 393 μM, interleukin 6 (IL-6) was within the
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normal range (<5.00 pg/mL) at 1.68 pg/mL, and tumor necrosis factor-alpha (TNF-α) was also within the
normal range (0.56-1.40 pg/mL) at 0.71 pg/mL.

The second case was a 67-year-old Caucasian non-smoker female with a history significant for ductal
carcinoma in situ (DCIS) breast cancer and pre-diabetes. The patient was on the following medication:
Arimidex 1 mg, metformin 500 mg. Additionally, she takes a vitamin D supplement. The initial serum level
of GSH was 482 μM (below the reference range: 544-1228 μM), and IL-6 and TNF-α levels were within the
normal range at 4.95 and 0.63 pg/mL, respectively. 

Both patients were placed on GSH supplementation using the IontoPatch™ to increase serum GSH levels.
The IontoPatch™ was obtained from IontoPatch (St. Paul, MN, USA), and a 200 mg/mL buffered GSH
solution was obtained from Archway Apothecary (Covington, LA, USA). Before each use, 1 mL (20 drops) of
GSH solution was applied to the negative electrode of the patch, 1 mL (20 drops) of saline solution was
applied to the positive electrode. The IontoPatch™ was worn for six subsequent days for at least four hours
each day and contained 200 mg GSH placed on the patch’s negative electrode. The IontoPatch was worn on
the upper arm using the left and right sides alternately every day. On day 6 of treatment, the patch was
removed in the evening.

Blood was drawn on day 7, approximately 16 hours after removing the last patch, and 16 days after removing
the patch. Blood was drawn at the same time of day (noon) at each time point (including the baseline draws),
with the patient in a non-fasting state. Serum was assessed for total glutathione at both after treatment
timepoints, and serum IL-6 and TNF-α were assessed on the day after removal of the IontoPatch. Quest
Diagnostics performed all blood tests; GSH: test code 90379, IL-6: test code 34473, TNF-α: test code 34485. 

Following treatment, the first patient's GSH level increased into the reference range at 646 μM, an increase
from baseline of 64.4% (Figure 1). IL-6 (4.18 pg/mL) and TNF-α (0.76 pg/mL) remained within the normal
range. Sixteen days following treatment, total GSH levels declined by 12.1% to 568 μM, which remained
within the reference range and was 44.5% higher than the baseline level. The patient did not experience any
adverse events from the patch or the treatment but reported increased energy levels.

Following treatment, the second patient's GSH level increased by 21.8% to 587 μM following the treatment
interval. Sixteen days following the treatment interval the second patient's GSH level remained 17.2% higher
than baseline at 565 μM (Figure 1). IL-6 and TNF-α levels remained within normal ranges after treatment
(IL-6: 4.18 pg/mL; TNF-α: 0.76 pg/mL). The patient did not report any adverse effects from treatment but did
report a subjective increase in energy.

FIGURE 1: Changes in GSH serum levels in percentage from baseline.
GSH levels of both cases increased from baseline after treatment and this increase was still present 16 days
after treatment. GSH: glutathione.

Discussion
The two elderly cases investigated in this report had GSH serum levels below the reference range on initial
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blood testing, consistent with the literature suggesting that GSH levels decline with age [2]. We were able to
increase their total GSH serum to values within the reference range for healthy adults using the
IontoPatch™ for GSH supplementation. Blood levels remained within the reference range up to 16 days after
treatment, suggesting treatment can be performed intermittently. Further analysis of dose-response in a
larger patient population would help define the best treatment schedule for aging patients.

Reductions in GSH levels have been detected in aging populations [2] and patients with cystic fibrosis [14],
Parkinson’s disease [15], and those infected with HIV [16]. In the aging population, GSH levels are lower due
to a reduction in synthesis and can be restored with supplementation, resulting in a reduction in plasma
markers of oxidative stress [2]. Due to its various roles, GSH is essential for cellular and tissue homeostasis,
cell proliferation, and immune function [4,17]. Therefore, supplementation in individuals with low GSH
levels could potentially have various health benefits. In this case report, we present two cases in which we
supplemented GSH with the IontoPatch to increase serum levels, and therefore, we did not assess health
benefits. However, the two cases both reported increased energy levels. In more extensive future studies, the
health benefits for aging individuals should be assessed.

Since GSH levels are essential for immune function and high levels have been shown to protect against
influenza infection [4,18], we assessed the cytokines IL-6 and TNF-α in serum after treatment. We did not
detect any changes in the serum levels of these cytokines in the two patients. A GSH supplementation study
in patients with liver disease suggested that monocyte cytokine production, including IL-6 and TNF-α,
decreased [19]. Furthermore, GSH levels may affect nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-κB) activation and change the immune response from Th1-driven to Th2-driven, which is seen in
aging populations. The lack of changes in cytokine levels detected here may be due to the serum assessment,
and we only measured it at the time point directly after treatment. A more comprehensive cytokine and
immune profiling would be of interest to investigate the effects of GSH supplementation on the immune
response in aging individuals.

The supplementation via the iontophoresis method would allow for simultaneous supplementation of two
molecules, one on the positive and one on the negative electrode. A potential addition to the GSH patch

would be the supplementation of nicotinamide adenine dinucleotide (NAD+) on the positive electrode. NAD
is a coenzyme in redox reactions and a signaling molecule found in human cells that has, like GSH, been
shown to decrease with age and be associated with age-associated diseases [20]. Supplementing both
simultaneously, using the same patch for iontophoresis would make these therapies more accessible and
potentially synergistic in functionality.

Limitations of this study include the small sample size (N = 2), the lack of a control arm, that we did not
assess clinical outcome measures other than blood values, and we did not determine the long-term status of
GSH after a single treatment. The results presented here provide a rationale for conducting a larger study to
assess the long-term effects and intermittent dosing schedule.

Conclusions
We show here that IontoPatch™ technology can be used to supplement GSH in aging individuals with low
serum GSH levels. Supplementation using iontophoresis did not cause any apparent side effects. Serum GSH
could be supplemented to levels within the reference range, providing a healthy dosage for those with
deficiencies. Larger studies should be conducted to determine the pharmacokinetics, safety of long-term
supplementation, and health benefits of supplementation, as well as an assessment on how this method of
supplementation compares to other methods of supplementation, such as indirect oral and IV
supplementation.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: Sajad Zalzala declare(s) stock/stock options from Root Causes
Medical Consultants, PLC. Owner/Part Owner. Sajad Zalzala declare(s) stock/stock options from AgelessRx
Inc. Owner/Part owner. Sajad Zalzala declare(s) personal fees from Positron Medial Group PC. Sajad Zalzala
declare(s) personal fees from The Pill Club Medical Group PC. Sajad Zalzala declare(s) personal fees from
Cerebral Medical Group PC. Intellectual property info: The name AgelessRx is copyrighted. Other
relationships: AgelessRx offers GSH patches as a prescription product.

References
1. López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G: The hallmarks of aging. Cell. 2013, 153:1194-

217. 10.1016/j.cell.2013.05.039
2. Sekhar RV, Patel SG, Guthikonda AP, Reid M, Balasubramanyam A, Taffet GE, Jahoor F: Deficient synthesis

of glutathione underlies oxidative stress in aging and can be corrected by dietary cysteine and glycine

2021 Zalzala et al. Cureus 13(9): e17803. DOI 10.7759/cureus.17803 3 of 4

https://dx.doi.org/10.1016/j.cell.2013.05.039
https://dx.doi.org/10.1016/j.cell.2013.05.039
https://dx.doi.org/10.3945/ajcn.110.003483


supplementation. Am J Clin Nutr. 2011, 94:847-53. 10.3945/ajcn.110.003483
3. Samiec PS, Drews-Botsch C, Flagg EW, et al.: Glutathione in human plasma: decline in association with

aging, age-related macular degeneration, and diabetes. Free Radic Biol Med. 1998, 24:699-704.
10.1016/s0891-5849(97)00286-4

4. Townsend DM, Tew KD, Tapiero H: The importance of glutathione in human disease . Biomed
Pharmacother. 2003, 57:145-55. 10.1016/s0753-3322(03)00043-x

5. Julius M, Lang CA, Gleiberman L, Harburg E, DiFranceisco W, Schork A: Glutathione and morbidity in a
community-based sample of elderly. J Clin Epidemiol. 1994, 47:1021-6. 10.1016/0895-4356(94)90117-1

6. Liu H, Wang H, Shenvi S, Hagen TM, Liu RM: Glutathione metabolism during aging and in Alzheimer
disease. Ann N Y Acad Sci. 2004, 1019:346-9. 10.1196/annals.1297.059

7. Smeyne M, Smeyne RJ: Glutathione metabolism and Parkinson's disease . Free Radic Biol Med. 2013, 62:13-
25. 10.1016/j.freeradbiomed.2013.05.001

8. Lang CA, Mills BJ, Lang HL, et al.: High blood glutathione levels accompany excellent physical and mental
health in women ages 60 to 103 years. J Lab Clin Med. 2002, 140:413-7. 10.1067/mlc.2002.129504

9. Charisis S, Ntanasi E, Yannakoulia M, et al.: Plasma GSH levels and Alzheimer's disease. A prospective
approach.: results from the HELIAD study. Free Radic Biol Med. 2021, 162:274-82.
10.1016/j.freeradbiomed.2020.10.027

10. Wendel A, Cikryt P: The level and half-life of glutathione in human plasma . FEBS Lett. 1980, 120:209-11.
10.1016/0014-5793(80)80299-7

11. Sinha R, Sinha I, Calcagnotto A, Trushin N, Haley JS, Schell TD, Richie JP Jr: Oral supplementation with
liposomal glutathione elevates body stores of glutathione and markers of immune function. Eur J Clin Nutr.
2018, 72:105-11. 10.1038/ejcn.2017.132

12. Buhl R, Vogelmeier C, Critenden M, et al.: Augmentation of glutathione in the fluid lining the epithelium of
the lower respiratory tract by directly administering glutathione aerosol. Proc Natl Acad Sci U S A. 1990,
87:4063-7. 10.1073/pnas.87.11.4063

13. Costello CT, Jeske AH: Iontophoresis: applications in transdermal medication delivery . Phys Ther. 1995,
75:554-63. 10.1093/ptj/75.6.554

14. Roum JH, Buhl R, McElvaney NG, Borok Z, Crystal RG: Systemic deficiency of glutathione in cystic fibrosis . J
Appl Physiol. 1993, 75:2419-24. 10.1152/jappl.1993.75.6.2419

15. Sofic E, Lange KW, Jellinger K, Riederer P: Reduced and oxidized glutathione in the substantia nigra of
patients with Parkinson’s disease. Neurosci Lett. 1992, 142:128-30. 10.1016/0304-3940(92)90355-b

16. Buhl R, Jaffe HA, Holroyd KJ, et al.: Systemic glutathione deficiency in symptom-free HIV-seropositive
individuals. Lancet. 1989, 2:1294-8. 10.1016/s0140-6736(89)91909-0

17. Aw TY: Cellular redox: a modulator of intestinal epithelial cell proliferation . Physiology. 2003, 18:201-4.
10.1152/nips.01448.2003

18. Cai J, Chen Y, Seth S, Furukawa S, Compans RW, Jones DP: Inhibition of influenza infection by glutathione .
Free Radic Biol Med. 2003, 34:928-36. 10.1016/s0891-5849(03)00023-6

19. Pena LR, Hill DB, McClain CJ: Treatment with glutathione precursor decreases cytokine activity . JPEN J
Parenter Enteral Nutr. 1999, 23:1-6. 10.1177/014860719902300101

20. Verdin E: NAD⁺ in aging, metabolism, and neurodegeneration . Science. 2015, 350:1208-13.
10.1126/science.aac4854

2021 Zalzala et al. Cureus 13(9): e17803. DOI 10.7759/cureus.17803 4 of 4

https://dx.doi.org/10.3945/ajcn.110.003483
https://dx.doi.org/10.1016/s0891-5849(97)00286-4
https://dx.doi.org/10.1016/s0891-5849(97)00286-4
https://dx.doi.org/10.1016/s0753-3322(03)00043-x
https://dx.doi.org/10.1016/s0753-3322(03)00043-x
https://dx.doi.org/10.1016/0895-4356(94)90117-1
https://dx.doi.org/10.1016/0895-4356(94)90117-1
https://dx.doi.org/10.1196/annals.1297.059
https://dx.doi.org/10.1196/annals.1297.059
https://dx.doi.org/10.1016/j.freeradbiomed.2013.05.001
https://dx.doi.org/10.1016/j.freeradbiomed.2013.05.001
https://dx.doi.org/10.1067/mlc.2002.129504
https://dx.doi.org/10.1067/mlc.2002.129504
https://dx.doi.org/10.1016/j.freeradbiomed.2020.10.027
https://dx.doi.org/10.1016/j.freeradbiomed.2020.10.027
https://dx.doi.org/10.1016/0014-5793(80)80299-7
https://dx.doi.org/10.1016/0014-5793(80)80299-7
https://dx.doi.org/10.1038/ejcn.2017.132
https://dx.doi.org/10.1038/ejcn.2017.132
https://dx.doi.org/10.1073/pnas.87.11.4063
https://dx.doi.org/10.1073/pnas.87.11.4063
https://dx.doi.org/10.1093/ptj/75.6.554
https://dx.doi.org/10.1093/ptj/75.6.554
https://dx.doi.org/10.1152/jappl.1993.75.6.2419
https://dx.doi.org/10.1152/jappl.1993.75.6.2419
https://dx.doi.org/10.1016/0304-3940(92)90355-b
https://dx.doi.org/10.1016/0304-3940(92)90355-b
https://dx.doi.org/10.1016/s0140-6736(89)91909-0
https://dx.doi.org/10.1016/s0140-6736(89)91909-0
https://dx.doi.org/10.1152/nips.01448.2003
https://dx.doi.org/10.1152/nips.01448.2003
https://dx.doi.org/10.1016/s0891-5849(03)00023-6
https://dx.doi.org/10.1016/s0891-5849(03)00023-6
https://dx.doi.org/10.1177/014860719902300101
https://dx.doi.org/10.1177/014860719902300101
https://dx.doi.org/10.1126/science.aac4854
https://dx.doi.org/10.1126/science.aac4854

	A Novel Approach to Boosting Glutathione via Iontophoresis
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Changes in GSH serum levels in percentage from baseline.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


