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on Its Regulation.

The temporal phases of glucocorticoid receptor alpha (GRa) function entail a series of
complex molecular events and multiple control layers that unfold in sequential phases?
(Table S1). These phases are crucial for their roles in stress response, immune
modulation, and homeostatic adjustments. Various factors influence these phases,
including hormone availability, chromatin accessibility, post-translational modifications,
oxidative stress, and cellular signaling interactions.? Limited literature suggests that
each phase is supported by specific micronutrients that may enhance GRa's function
and protect it from damage, thus ensuring appropriate cellular responses during stress

and recovery.

1. The Initial Activation Phase begins with the availability of cortisol, the primary ligand
for GRa. The adrenal glands regulate cortisol production in response to stress, while
circadian rhythms ensure the timely availability of hormones. Corticosteroid-binding
globulin (CBG) and cortisol biosynthetic enzymes? facilitate cortisol's transport and
availability, enabling GRa to recognize and bind to its target sites and activate the
receptor's cellular functions. Essential nutrients supporting this phase include vitamins
B1 and B6,*° which are crucial for cortisol synthesis and regulation.®” Vitamin B6 is
necessary for the activity of liver glutamic-pyruvic transaminase, an enzyme linked to
cortisol's gluconeogenic effects. Deficiency in vitamin B6 diminishes this enzyme's

activity, affecting cortisol's function. L-ascorbic acid (L-AA), or vitamin C, is found in
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high concentrations in the cortex of the adrenal glands, underscoring its essential role
in cortisol synthesis. It participates in hydroxylation reactions, crucial steps in the
cortisol synthesis pathway. Furthermore, vitamin C supports receptor function under
oxidative conditions® and mitigates oxidative stress during cortisol production.® In
patients with severe cardiac atherosclerotic disease, administering vitamins C, B1,
and B6, along with cardiac glycosides, improved the adrenal cortex's glucocorticoid

function.?

Sodium is essential for adrenal health, primarily because it affects aldosterone production.
A sodium deficiency increases aldosterone secretion to maintain sodium balance
while reducing the production of other adrenal hormones.1® Hormonal fluctuations,
particularly in cortisol levels, directly affect GRa activation. Cortisol levels naturally
peak in the morning as part of the body's circadian rhythm, promoting GRa activation

to prepare the body for daily activities.®

2. Once GRa is activated, the Chromatin Remodeling and Gene Accessibility Phase
follows to make genes accessible for transcription. During this phase, chromatin
remodeling processes—including histone acetylation—enable GRa to access specific
genes within the DNA and regulate gene expression.11? Key binding partners include
chromatin remodeling complexes and histone acetyltransferases (HATS). Vitamins and
minerals are crucial for chromatin remodeling and gene accessibility, acting as
cofactors for enzymes and structural components of transcription factors, which
influence the dynamic regulation of gene expression. Retinoic acid, the active form of
vitamin A, impacts chromatin remodeling by binding to nuclear receptors that function
as transcription factors. This interaction can cause changes in chromatin structure, thus

influencing gene expression and cellular differentiation.*?

Vitamin D interacts with the specific nuclear receptor, the Vitamin D Receptor (VDR),
forming a VDR-RXR heterodimer that binds to the DNA's Vitamin D Response
Elements (VDREs), affecting DNA and chromatin accessibility. Research shows
vitamin D supplementation can impact steroid responsiveness.31° The hormonally

active form of vitamin D has been identified as a regulator of various enzymes involved



in the production of steroid hormones, thereby affecting both adrenal steroid hormones
and sex hormones.1617 Notably, functional GR, specifically in T cells, is required for the
VDR to signal appropriately to mediate the therapeutic effects of VitD.” Nutrients such
as vitamin B9 provide methyl groups essential for DNA and histone modifications, and
perinatal and postnatal supplementation with folic acid'® has been shown to restore
glucocorticoid receptor (GR) mRNA levels and activity in hypothalamic cells.*® Vitamin
C is essential for chromatin remodeling, acting as a cofactor for TET enzymes and
JmjC histone demethylases that promote DNA demethylation and histone
hydroxylation. These epigenetic modifications regulate gene expression by altering
chromatin accessibility, thereby influencing cellular differentiation and proliferation.?°

Zinc is essential for properly functioning glucocorticoid receptors (GRs) because of its role
in zinc finger domains and zinc-binding proteins like metallothioneins. 222 Notably, zinc
metallothioneins  (Zn-MTs)—proteins that bind zinc—enhance glucocorticoid
responsiveness by improving the receptor’'s DNA-binding and transcriptional activities.
These interactions highlight zinc’s critical role in modulating GR function and

responsiveness.

3. In regulating GRa function, the Early Post-Translational Modifications Phase is a
crucial stage where newly synthesized GRa proteins undergo various chemical
changes that determine their functionality, stability, activity, and interactions with other
proteins. During this phase, modifications such as phosphorylation, acetylation, and
ubiquitination play a vital role in managing GRa function by influencing its stability,
activity, and protein interactions. These changes are facilitated by specific enzymes
that require cofactors like magnesium and zinc, highlighting the complexity and
precision of cellular regulatory mechanisms. Kinases—such as mitogen-activated
protein kinases (MAPKs)—and phosphatases act as key modifying enzymes.
Magnesium and zinc are cofactors for numerous enzymes, including kinases and other
proteins that impact GRa function. Zinc supplementation has beneficial anti-
inflammatory and anti-oxidative effects in adults.?® By orchestrating these post-
translational modifications, cells can fine-tune GRa’s role in gene expression, ensuring

appropriate glucocorticoid responses under varying conditions.®2* Additionally,
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vitamins B6, C, and E support overall cellular health and enzymatic activities, indirectly

facilitating the post-translational modifications of GRa.

4. During the Early Signaling and Interaction Phase, GRa interacts with other
receptors—including mineralocorticoid receptors (MR) and estrogen receptors (ER)—
to modulate cellular responses to stress, metabolism, and inflammation. Inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) activate
pathways like NF-kB and JAK-STAT that interact with GRa, influencing immune
regulation. Additionally, Activator Protein-1 (AP-1) acts as a binding partner to
modulate GRa's activity by regulating the transcription of pro-inflammatory and anti-

inflammatory genes.

Magnesium is a cofactor for many enzymes and signaling proteins, including kinases that
phosphorylate GRa, thus enhancing its ability to regulate gene expression. Adequate
magnesium levels are crucial for proper receptor function and support signaling
pathways that allow receptors like GRa to communicate with each other and other
cellular proteins. Meanwhile, antioxidant vitamins C and E help reduce inflammation
by alleviating oxidative stress, thereby preserving the integrity and functionality of GRa

and its associated signaling molecules.

5. As signaling continues, the Sustained Signaling Phase focuses on protecting GRa
from oxidative damage caused by stress. Oxidative stress can impair GRa's function
and harm cellular components, making antioxidant defense mechanisms essential.
Vitamins C and E are potent antioxidants, 825 neutralizing reactive oxygen species
(ROS) and safeguarding against oxidative stress. Additionally, selenium, zinc,
magnesium, and iron support mitochondrial function and enzymatic processes that
help reduce oxidative damage by maintaining the integrity of cellular structures. While
iron is crucial for mitochondrial function and various enzymatic activities, its levels
must be carefully regulated to prevent the generation of harmful ROS through the
Fenton reaction. Together, these antioxidants and minerals ensure the continued

functionality of GRa, promoting cellular resilience and effective stress responses.



6. In the Long-Term Regulation and Maintenance Phase, the sustained activity of GRa
is influenced by epigenetic modifications, interactions with commensal microbiota, and
prolonged cortisol exposure. Epigenetic modifications can alter GRa gene expression;
microbiota can influence immune responses and stress pathways affecting GRa, and
prolonged cortisol exposure directly interacts with GRa, impacting its activity and
sensitivity. Micronutrients, including vitamins and minerals, play a significant role in
epigenetic regulation, affecting gene expression without modifying the DNA sequence.
They serve as cofactors for enzymes involved in epigenetic modifications, such as
DNA methylation and histone modification, essential for various biological processes
and disease prevention. Key factors include DNA methyltransferases (DNMTs) and
hepatic enzymes such as CYP3A4, 11-HSD1, and 11B3-HSD2. Vitamins B9 (folate)
and B12 are essential for one-carbon metabolism, which provides methyl groups for
DNA methylation. Proper functioning of this pathway is necessary for maintaining
epigenetic marks that regulate genes involved in stress responses, including those
encoding GRa. Microbiota-activated TLR pathways modulate immune responses and
indirectly affect GRa through inflammatory cytokines. Hepatic enzymes metabolize
glucocorticoids and control cortisol conversion, regulating GRa activation and tissue
responsiveness. Together, these mechanisms ensure consistent GRa regulation,

supporting cellular homeostasis and effective physiological responses.

Table S1. Phases of Glucocorticoid Receptor Alpha (GRa) Regulation: Key Factors,

Binding Partners, Vitamins, and Micronutrients Supporting Each Phase

Vitamins and

Temporal Factors Affecting Binding Micronutrients
Phase GRa Function Partners Supporting GRa
Function
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Legend:

Regulatory processes refer to the complex biological mechanisms and signaling
pathways that modulate the function of Glucocorticoid Receptor Alpha (GRa)
throughout its various regulatory phases. These processes include hormone
regulation (e.g., cortisol availability and synthesis), chromatin remodeling (which alters
DNA accessibility for gene transcription), post-translational modifications (such as
phosphorylation and ubiquitination), and stress response pathways. Together, these
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mechanisms ensure that GRa can effectively mediate cellular responses to
physiological and environmental change stimuli.

Binding partners are specific molecules or proteins that directly interact with
Glucocorticoid Receptor Alpha (GRa) to modulate its activity and function. These
partners include various enzymes (e.g., kinases and phosphatases that are involved
in post-translational modifications), other receptors (such as estrogen receptors [ER]
and mineralocorticoid receptors [MR]), transcription factors (like NF-kB and AP-1), and
coactivators or corepressors (e.g., SRC-1, NCoR). These interactions are crucial for
orchestrating precise cellular responses, regulating gene expression, and ensuring
that GRa can effectively mediate its roles in processes such as immune modulation,

metabolism, and stress adaptation.

This table was generated with the assistance of Al using GPT-4. | would like to
acknowledge the support of Al-powered tools in the research, structuring, and

refinement of this table.
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Table S2 Role of Thiamin, Vitamin D, and Vitamin C in the three phases of homeostatic

correction.

Homeostatic

! neutrophil recruitment,
activation, and function. 27
ft antibacterial activity. 28.

Thiamin Vitamin D Vitamin C
Phase
Supports neutrophil anti-
bacterial function at hypoxic
inflammatory sites.?®
ft neutrophil and macrophage
Supports innate and adaptive | chemotaxis, phagocytic
immune system. capacity, lysozyme activity for
Reinforce ] TLR c_orec_eptor C_D14. cgl_l elimination, and bacterial
innate - ft antimicrobial peptides killing.29-31
. . cathelicidin and LL-37. 26 Supports lymphocyte
immunity

proliferation and
differentiation.?®

1 production of type |
interferons (IFNs) for anti-viral
immune responses against
influenza virus infection. 32

Bioenergetic

Essential for energy
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breakdown/ATP production3?
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ft ATP synthesis.3®

inflammation
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2. 44

U nuclear NF-kB/p65 protein
level, f IL-10 synthesis — U
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Hsp70, TNF-a, and IL-6. 45
Sinergy with glucocorticoids in
inhibiting IL-6 transcription. 46

p38 MAPK-mediated
inflammatory genes. 48-50

M 1kBa expression = { NF-
kB 51,52

GR represses Vitamin D
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vascular permeability Preserves endothelial barrier
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activation of p38-MAPK, (i) U | ! GR concentration 47 and GC Improves GR function. 5
degradation of Ik-Ba, and (ii) | function. 48 Reverses oxidation of the GR.
fI activation and nuclear U synthesis of TNF-a.and IL- | 55
translocation of NF-kB, U 1p. 28 GC facilitate Vit C cellular
Repress expression of cytokines and ft GC-mediated MKP-1 = | uptake

U synthesis of TNF-a and IL-6.
56

U Ik-Ba degradation = | NF-
kB activation and nuclear
translocation. 57
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N Transketolase a key VDR is a GR target for PGC- General role: electron
: : 59 donation as one of the most
enzyme for the pentose la induction a. otent antioxidants
R phosphate pathway and for Protective against ROS P .
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glutathione cycling, an 1 Glutathione and glutamate .
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such as lipid-soluble vitamin E
and glutathione. 4°
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and wound healing
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Restore alveolar epithelial organization, and collagen
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restore 1er, p 9 . adaptive repair. 62
. - proliferation of type 2 epithelial ; .
anatomical I d inhibiti 1 neutrophils apoptosis and
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Legend: 1! = increase; | = decrease.
Reproduced with permission from reference 7.
References

1. Meduri GU, Chrousos GA. General Adaptation in Critical lliness: The
Glucocorticoid Signaling System as Master Rheostat of Homeostatic Corrections in
Concerted Action with Nuclear Factor-kB.

. In: Fink G, ed. Handboo of Stress, Immunology and Inflammation Academic Press;
2024:231-261:chap 22. Handbook of Stress; vol. .

2. Busillo JM, Cidlowski JA. The five Rs of glucocorticoid action during inflammation:
ready, reinforce, repress, resolve, and restore. Trends in endocrinology and metabolism:
TEM. Mar 2013;24(3):109-19. doi:10.1016/j.tem.2012.11.005

3. Meduri GU, Chrousos GP. General adaptation in critical illness 1: The
glucocorticoid signaling system as master rheostat of homeostatic corrections in
concerted action with nuclear factor-kB. Stress: Immunology and Inflammation. Elsevier;
2024:231-261.

4. Shelygina N, Ria S, Zaretskii M, Panichkina V, Gusiatinskaia V. Influence of

vitamins C, Bl, and B6 on the diurnal periodicity of the glucocorticoid function of the
adrenal cortex in patients with atherosclerotic cardiosclerosis. Vopr Pitan. 1975;(2):25-29.

11



5. Hellmann H, Mooney S. Vitamin B6: a molecule for human health? Molecules.
2010;15(1):442-459.

6. Scheschowitsch K, Leite JA, Assreuy J. New insights in glucocorticoid receptor
signaling—more than just a ligand-binding receptor. Front Endocrinol (Lausanne).
2017;8:16.

7. Meduri GU, Psarra A-M, Amrein K. General Adaptation in Critical lliness 2: The
Glucocorticoid Signaling System as a Master Rheostat of Homeostatic Corrections in
Concerted Action with Mitochondrial and Essential Micronutrient Supportin: Fink G, ed.
Handbook of Stress: Stress, Immunology and Inflammation San Diego, Elsevier.;
2024:263-287:chap 23. vol. 5.

8. Padayatty SJ, Katz A, Wang Y, et al. Vitamin C as an antioxidant: evaluation of its
role in disease prevention. J Am Coll Nutr. 2003;22(1):18-35.

0. Carr AC, Maggini S. Vitamin C and immune function. Nutrients. 2017;9(11):1211.

10. Eisenstein AB, MERRITT HARTROFT P, CODAY L. Alterations in the rat adrenal
cortex induced by sodium deficiency: steroid hormone secretion. Endocrinology.
1957;60(5):634-640.

11. Murai J, Zhang H, Pongor L, et al. Chromatin remodeling and immediate early
gene activation by SLFN11 in response to replication stress. Cell reports.
2020;30(12):4137-4151. e6.

12. Klemm SL, Shipony Z, Greenleaf WJ. Chromatin accessibility and the regulatory
epigenome. Nature Reviews Genetics. 2019;20(4):207-220.

13. KassiE, Nasiri-Ansari N, Papavassiliou AG. Vitamin D affects glucocorticoid action
in target cells. Oncotarget. 2016;8(5):7220.

14. Mahboub B, Al Heialy S, Hachim MY, et al. Vitamin D regulates the expression of
glucocorticoid receptors in blood of severe asthmatic patients. Journal of Immunology
Research. 2021;2021(1):9947370.

15. Wang L, Zhao Y, Yao S, Lou H, Zhang L. Vitamin D improves the effect of
glucocorticoids on attenuating lipopolysaccharide-induced IL-6 production via TLR4/NF-
KB pathway in human respiratory epithelial cells. Int Arch Allergy Immunol.
2022;183(9):1017-1028.

16. Lundgvist J. Vitamin D as a regulator of steroidogenic enzymes. F1000Research.
2014;3:155.

12



17. Zhang, Leung DY, Goleva E. Vitamin D enhances glucocorticoid action in human
monocytes: involvement of granulocyte-macrophage colony-stimulating factor and
mediator complex subunit 14. J Biol Chem. 2013;288(20):14544-14553.

18. Lucock M. Folic acid: nutritional biochemistry, molecular biology, and role in
disease processes. Mol Genet Metab. 2000;71(1-2):121-138.

19. Ly A, Ishiguro L, Kim D, et al. Maternal folic acid supplementation modulates DNA
methylation and gene expression in the rat offspring in a gestation period-dependent and
organ-specific  manner. J Nutr Biochem. 2016-07-01 2016;33:103-110.
doi:10.1016/j.jnutbio.2016.03.018

20. Hayashi R, Wada H, Ito K, Adcock IM. Effects of glucocorticoids on gene
transcription. Eur J Pharmacol. 2004;500(1-3):51-62.

21. Freedman LP, Luisi BF, Korszun ZR, Basavappa R, Sigler PB, Yamamoto KR. The
function and structure of the metal coordination sites within the glucocorticoid receptor
DNA binding domain. Nature. 1988;334(6182):543-546.

22. Falus A, Beres Jr J. The number of glucocorticoid receptors in peripheral human
lymphocytes is elevated by a zinc containing trace element preparation. Acta Microbiol
Immunol Hung. 1995;42(3):271-275.

23. Mohammadi H, Talebi S, Ghavami A, et al. Effects of zinc supplementation on
inflammatory biomarkers and oxidative stress in adults: A systematic review and meta-
analysis of randomized controlled trials. Journal of trace elements in medicine and
biology : organ of the Society for Minerals and Trace Elements. 2021-09-20
2021;68:126857. doi:10.1016/j.jtemb.2021.126857

24.  Reichardt HM, Tuckermann JP, Gottlicher M, et al. Repression of inflammatory
responses in the absence of DNA binding by the glucocorticoid receptor. The EMBO
journal. 2001,

25. Burton GW, Traber MG. Vitamin E: antioxidant activity, biokinetics, and
bioavailability. Annu Rev Nutr. 1990;10(1):357-382.

26. Wang T-T, Nestel FP, Bourdeau V, et al. Cutting edge: 1, 25-dihydroxyvitamin D3
is a direct inducer of antimicrobial peptide gene expression. The Journal of Immunology.
2004;173(5):2909-2912.

27. Dimitrov V, Barbier C, Ismailova A, et al. Vitamin D-regulated Gene Expression

Profiles: Species-specificity and Cell-specific Effects on Metabolism and Immunity.
Endocrinology. Feb 1 2021;162(2):bqaa218. doi:10.1210/endocr/bqaa218

13



28. Greulich T, Regner W, Branscheidt M, et al. Altered blood levels of vitamin D,
cathelicidin and parathyroid hormone in patients with sepsis-a pilot study. Anaesth
Intensive Care. Jan 2017;45(1):36-45.

29. Ang A, Pullar JM, Currie MJ, Vissers MCM. Vitamin C and immune cell function in
inflammation and cancer. Biochem Soc Trans. Oct 19 2018;46(5):1147-1159.
doi:10.1042/BST20180169

30. Sorice A, Guerriero E, Capone F, Colonna G, Castello G, Costantini SJIMrimc.
Ascorbic acid: its role in immune system and chronic inflammation diseases.
2014;14(5):444-452.

31. Sae-Khow K, Tachaboon S, Wright HL, et al. Defective neutrophil function in
patients with sepsis is mostly restored by ex vivo ascorbate incubation. Journal of
Inflammation Research. 2020;13:263.

32. KimY,KimH, Bae S, etal. Vitamin C is an essential factor on the anti-viral imnmune
responses through the production of interferon-a/ at the initial stage of influenza A virus
(H3N2) infection. Immune Netw. 2013;13(2):70-74.

33.  Combs Jr GF, McClung JP. The vitamins: fundamental aspects in nutrition and
health. Edition 5. Chapter 11 Thiamin. Academic press; 2016:298-314.

34. Collie JTB, Greaves RF, Jones OAH, Lam Q, Eastwood GM, Bellomo R. Vitamin
B1 in critically ill patients: needs and challenges. Clin Chem Lab Med. Oct 26
2017;55(11):1652-1668. doi:10.1515/cclm-2017-0054

35. Ryan ZC, Craig TA, Folmes CD, et al. 1a, 25-dihydroxyvitamin D3 regulates
mitochondrial oxygen consumption and dynamics in human skeletal muscle cells.
2016;291(3):1514-1528.

36. Luo G, Xie ZZ, Liu FY, Zhang GB. Effects of vitamin C on myocardial mitochondrial
function and ATP content in hypoxic rats. Zhongguo Yao Li Xue Bao. Jul 1998;19(4):351-
5.

37.  Charoenngam N, Holick MF. Immunologic effects of vitamin D on human health
and disease. Nutrients. 2020;12(7):2097.

38. Dancer RC, Parekh D, Lax S, et al. Vitamin D deficiency contributes directly to the
acute respiratory distress syndrome (ARDS). Thorax. Jul 2015;70(7):617-24.
doi:10.1136/thoraxjnl-2014-206680

39. Tyml K. Vitamin C and microvascular dysfunction in systemic inflammation.
Antioxidants. 2017;6(3):49.

14



40. Oudemans-van Straaten HM, Elbers PW, Spoelstra-de Man AM. How to give
vitamin C a cautious but fair chance in severe sepsis. Editorial. Chest. 2017;151(6):1199-
1200.

41. Marik PE. Glucocorticosteroids as Adjunctive Therapy for Acute Respiratory
Distress Syndrome and Sepsis? Yes, But Not as Monotherapy. Critical care medicine.
2017;45(5):910-911.

42. Carr AC, Shaw GM, Natarajan R. Ascorbate-dependent vasopressor synthesis: a
rationale for vitamin C administration in severe sepsis and septic shock? Critical Care.
2015;19(1):1-8.

43. Mohammed BM, Fisher BJ, Kraskauskas D, et al. Vitamin C: a novel regulator of
neutrophil extracellular trap formation. Nutrients. Aug 9 2013;5(8):3131-51.
doi:10.3390/nu5083131

44, Yadav UC, Kalariya NM, Srivastava SK, Ramana KV. Protective role of
benfotiamine, a fat-soluble vitamin B1 analogue, in lipopolysaccharide-induced cytotoxic
signals in murine macrophages. Free Radic Biol Med. May 15 2010;48(10):1423-34.
doi:10.1016/j.freeradbiomed.2010.02.031

45. Bozic |, Savic D, Laketa D, et al. Benfotiamine attenuates inflammatory response
in LPS stimulated BV-2 microglia. PLoS One. 2015;10(2):e0118372.

46. Menezes RR, Godin AM, Rodrigues FF, et al. Thiamine and riboflavin inhibit
production of cytokines and increase the anti-inflammatory activity of a corticosteroid in a
chronic model of inflammation induced by complete Freund's adjuvant. Pharmacol Rep.
Oct 2017;69(5):1036-1043. doi:10.1016/j.pharep.2017.04.011

47. Bagnoud M, Hoepner R, Pistor M, et al. Vitamin D augments glucocorticosteroid
efficacy via inhibition of mTORc1. 2018:33-34.

48. Zhang, Leung DY, Goleva E. Vitamin D enhances glucocorticoid action in human
monocytes: involvement of granulocyte-macrophage colony-stimulating factor and
mediator complex subunit 14. J Biol Chem. May 17 2013;288(20):14544-53.
doi:10.1074/jbc.M112.427054

49. Kassel O, Sancono A, Kratzschmar J, Kreft B, Stassen M, Cato AC.
Glucocorticoids inhibit MAP kinase via increased expression and decreased degradation
of MKP-1. The EMBO journal. Dec 17 2001;20(24):7108-7116.
doi:10.1093/emboj/20.24.7108

50. ZhangY, Leung DY, Richers BN, et al. Vitamin D inhibits monocyte/macrophage

proinflammatory cytokine production by targeting MAPK phosphatase-1. J Immunol. Mar
1 2012;188(5):2127-35. d0i:10.4049/jimmunol.1102412

15



51. Stio M, Martinesi M, Bruni S, et al. The Vitamin D analogue TX 527 blocks NF-
kappaB activation in peripheral blood mononuclear cells of patients with Crohn's disease.
J Steroid Biochem Mol Biol. Jan 2007;103(1):51-60. doi:10.1016/j.jsbmb.2006.07.008

52. Ojaimi S, Skinner NA, Strauss BJ, Sundararajan V, Woolley I, Visvanathan K.
Vitamin D deficiency impacts on expression of toll-like receptor-2 and cytokine profile: a
pilot study. J Transl Med. Jul 22 2013;11(1):176. doi:10.1186/1479-5876-11-176

53. Patak P, Willenberg HS, Bornstein SR. Vitamin C is an important cofactor for both
adrenal cortex and adrenal medulla. Endocr Res. 2004;30(4):871-875. doi:10.1081/Erc-
20044126

54.  Moskowitz A, Andersen LW, Huang DT, et al. Ascorbic acid, corticosteroids, and
thiamine in sepsis: a review of the biologic rationale and the present state of clinical
evaluation. Crit Care. Oct 29 2018;22(1):283. doi:10.1186/s13054-018-2217-4

55. Okamoto K, Tanaka H, Makino Y, Makino |. Restoration of the glucocorticoid
receptor function by the phosphodiester compound of vitamins C and E, EPC-K1 (L-
ascorbic acid 2-[3,4-dihydro-2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)-2H-1-
benzopyran-6 -yl hydrogen phosphate] potassium salt), via a redox-dependent
mechanism. Biochem Pharmacol. Jul 1 1998;56(1):79-86.

56. Chen Y, Luo G, Yuan J, et al. Vitamin C mitigates oxidative stress and tumor
necrosis factor-alpha in severe community-acquired pneumonia and LPS-induced
macrophages. Mediators Inflamm. 2014:426740. doi:10.1155/2014/426740

57. Bowie AG, O’Neill LA. Vitamin C inhibits NF-kB activation by TNF via the activation
of p38 mitogen-activated protein kinase. The Journal of Immunology. 2000;165(12):7180-
7188.

58. Donnino MW, Andersen LW, Chase M, et al. Randomized, Double-Blind, Placebo-
Controlled Trial of Thiamine as a Metabolic Resuscitator in Septic Shock: A Pilot Study.
Critical Care Medicine. Feb 2016;44(2):360-367. doi:10.1097/Ccm.0000000000001572

59. Schreiber SN. The transcriptional coactivator PGC-1 [alpha] as a modulator of
ERR [alpha] and GR signaling: function in mitochondrial biogenesis. University_of Basel;
2004.

60. Latham CM, Brightwell CR, Keeble AR, et al. Vitamin D Promotes Skeletal Muscle
Regeneration and Mitochondrial Health. Front Physiol. 2021;12:463.

61. Jain SK, Micinski D. Vitamin D upregulates glutamate cysteine ligase and
glutathione reductase, and GSH formation, and decreases ROS and MCP-1 and IL-8
secretion in high-glucose exposed U937 monocytes. Biochem Biophys Res Commun. Jul
19 2013;437(1):7-11. doi:10.1016/j.bbrc.2013.06.004

16



62. Mohammed BM, Fisher BJ, Kraskauskas D, et al. Vitamin C promotes wound
healing through novel pleiotropic mechanisms. Int Wound J. 2016;13(4):572-584.

63. Vissers M, Hampton M. The role of oxidants and vitamin C on neutrophil apoptosis
and clearance. Biochem Soc Trans. 2004;32(3):499-501.

17



