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Abstract 

Tyroid hormones ,are key regulators of energy metabolism, involeved in a systemic conversion of T4 

to T3. This reaction is catalyzed by selenoprotein iodothyronine deiodinase type 1 (DIO1). DIO1 

protein is overexpressed in the liver and kidney tissue and it is regulated by nutritional factor, 

cytokines and oxidative stress. The present study aimed to explore, in an in vitro model of LPS-

induced inflammation, the effects of a combination of selected nutrients—vitamin A, selenium, 

taurine, oleic acid, and resveratrol—on the expression and activity of DIO1 (Type 1 Iodothyronine 

Deiodinase) in Hepatoma cancer cells (HEPG2). The objective was to determine whether these 

bioactive compounds could mitigate inflammation-induced suppression of peripheral thyroid 

hormone activation, thereby supporting a more favorable redox and metabolic profile.To summarize, 

simoltaneous treatment with taurine, resveratrol, oleic acid and vitamin A not only prevents DIO-1 

suppression, but also positively regulates its levels of expression offering a promising avenue for 

maintaining endocrine and metabolic health in frail, elderly, or oncologic patients and potentially 

across a broader spectrum of chronic inflammatory conditions. 
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1. Introduction 

Thyroid hormones are key regulators of energy metabolism, redox homeostasis, and protein 

turnover in multiple tissues. Their biological activity largely depends on the local and systemic 

conversion of thyroxine (T4) to triiodothyronine (T3), a reaction catalyzed by the selenoprotein 

iodothyronine deiodinase type 1 (DIO1). This enzyme is highly expressed in the liver and kidney and 

plays a central role in maintaining circulating T3 concentrations and in modulating metabolic 

adaptation to stress [1,2]. 

DIO1 activity is tightly regulated by nutritional factors, cytokines, and oxidative stress. Several 

in-vitro and in-vivo studies have shown that exposure to lipopolysaccharide (LPS) or inflammatory 

mediators such as interleukin-6 and tumor necrosis factor-α suppresses DIO1 gene expression, 

leading to a decrease in peripheral T3 production [3–5]. This mechanism is considered an adaptive 

metabolic response aimed at reducing energy expenditure during acute stress; however, when 

persistent, it may contribute to tissue dysfunction, loss of muscle mass, and adverse clinical outcomes 

[6,7]. 

Recent evidence highlights that the ratio between free triiodothyronine (fT3) and free thyroxine 

(fT4) represents a sensitive biomarker of peripheral deiodination efficiency and overall metabolic 

resilience. A low fT3/fT4 ratio has been associated with systemic inflammation [8], frailty [9,10], 

sarcopenia [11], malnutrition [12], and unfavorable clinical outcomes in both medical and oncologic 
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settings [13–18]. Collectively, these data suggest that the preservation of adequate T4-to-T3 

conversion capacity may reflect a fundamental determinant of metabolic health, linking nutritional 

status, inflammation, and endocrine adaptation. 

Inflammation-induced DIO1 downregulation is mediated by the activation of NF-κB–dependent 

pathways and by the accumulation of reactive oxygen and nitrogen species that alter selenoprotein 

synthesis and function [19]. In experimental models, the suppression of DIO1 by LPS or cytokines 

can be attenuated by antioxidants or anti-inflammatory agents [20], supporting the hypothesis that 

nutritional and redox status modulate thyroid hormone metabolism at the cellular level. Selenium, a 

structural component of DIO1, is indispensable for its catalytic activity, while other nutrients such as 

retinoids, taurine, monounsaturated fatty acids, and polyphenols (e.g., resveratrol) exert 

complementary actions on oxidative balance, mitochondrial biogenesis, and cytokine signaling [21]. 

From a mechanistic perspective, these compounds may help preserve DIO1 expression and 

maintain physiological T3 availability in conditions of inflammatory stress. The interplay between 

nutrient signaling and thyroid hormone metabolism therefore represents a promising area for 

nutritional intervention, particularly in populations at risk of chronic inflammation, catabolic 

diseases, or age-related functional decline. 

Based on these considerations, the present study aimed to explore, in an in-vitro model of LPS-

induced inflammation, the effects of a combination of selected nutrients—vitamin A, selenium, 

taurine, oleic acid, and resveratrol—on the expression and activity of DIO1. The objective was to 

determine whether these bioactive compounds could mitigate inflammation-induced suppression of 

peripheral thyroid hormone activation, thereby supporting a more favorable redox and metabolic 

profile. 

2. Material and Methods 

2.1. Cell Lines 

FB789, a human normal fibroblast and Hepatoma cancer (HEPG2) cell lines were used to assess 

both the cytoxicity and DIO1 gene modulation after nutraceutical compounds treatment.  

FB789 and HEPG2 cells were cultured in according to Filippi et al. 2008 and Berni A et al.2012, 

respectively [22,23].  

2.2. Evaluation of Cell Viability After Nutraceuticals and Lipopolysaccharide (LPS) 

Cells were seeded 18h before treatment in a concentration of 3x103 for each experimental point 

in a 96 well/plate.  

Taurine and Retinol were used in a range of 2.5 to 100 μM, Resveratrol was used in a range of 

2.5 to 200μM, while Oleic Acid was used at 100 μM. LPS (1μg/ml) was added 1 hr before nutraceutical 

compounds. 

Cell viability was evaluated by measuring the mitochondrial-dependent conversion of the 

yellow tetrazolium salt MTT [3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl-2H-tetrazolium bromide] to 

a purple formazan crystal by metabolically active cells. The experiments were conducted in triplicate 

in according to Botta et al 2019 [24].  

2.3. Gene Expression Analyses After Nutraceuticals and LPS Treatment 

1x105 were seeded in a 60 mm dishes 18 hr before treatment. RNA was isolated using NucleoSpin 

RNA kit (Macherey-Nagel, GmBH & CO., Dueren, Germany) according to the manufacturer’s 

instructions. RNA was diluted by adding 40 μL of DEPC water and its integrity was checked on a 

denaturing 1% agarose gel. RNA concentration was measured with Qubit Fluorometer 2.0 cDNA 

synthesis, which was performed with 1 μg of RNA for each sample by using the First Strand cDNA 

Synthesis kit (Thermo Fisher Scientific, Waltham, MA, USA). Comparative qRT-PCR was carried out 

with GoTaq qPCR SYBR green master mix (Promega, Madison, WI, USA), using Mx3005P Real-Time 
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PCR system (Agilent, Santa Clara, CA, USA). Results were normalized to β-Actin. Primer sequences 

are available on request. 

2.4. Protein Expression Analysis by Western Blot 

Proteins from the different cell lines were fractionated by SDS-PAGE and transferred to 

Nitrocellulose membrane (Biorad Laboratories, Hercules, CA, USA), according to Botta et al. 2019 

[26]. After blotting, the membrane was incubated with appropriate primary and secondary 

antibodies. Primary antibodies used were against DIO-1 (Immunological Science) and β-actin (Santa 

Cruz Biotecnology, Santa Cruz, CA, USA), while secondary antibodies were HRP conjugated. 

3. Results 

3.1. Cytotoxicity Analysis After Nutraceuticals Treatment 

Cell viability was measured as a percentage relative to the untreated control (Medium). Figure 

1 presents the effects of different nutraceutical concentrations on the viability of two cell lines, FB789 

and HEPG2.  

The graph (panel A) shows the effect of increasing concentrations of Taurine (2.5, 5, 10, 25, 50, 

and 100 μM) on the cell viability of FB789 and HEPG2 cell lines, compared to untreated control 

(medium). Cell viability remains close to control levels for both cell lines up to 25 μM taurine. At 

higher concentrations (50 and 100 μM), a reduction in cell viability becomes evident, particularly at 

100 μM, where both FB789 and HEPG2 show a notable, but not drastic, decrease in viability. FB789 

cells appear slightly more sensitive at the highest doses compared to HEPG2 (*p<0.05 and **p<0.01) 

[25–29]. 

Panel B shows the resveratrol concentrations tested (μM) were 2.5, 5, 10, 25, 100, and 200. Upon 

exposure to the compound: FB789 cells exhibited a dose-dependent increase in viability at lower 

concentrations (2.5–25 μM), peaking at 10 (*p<0.05 and **p<0.01). A gradual decrease was observed at 

higher concentrations (100 and 200 μM), though viability remained elevated compared to the control. 

HEPG2 cells showed a different profile. After initial slight increase at 2.5 μM, viability decreased 

steadily with higher doses, reaching the lowest values at 200 (*p<0.05 and **p<0.01). 

The graph (panel C) illustrates the impact of increasing concentrations of retinol (2.5, 5, 10, 25, 

50, and 100 μM) on the viability of FB789 and HEPG2 cell lines, compared to untreated controls. In 

both cell lines, cell viability increases moderately at low-to-intermediate doses (peaking notably at 5 

and 25 μM, more pronounced in FB789), followed by a slight reduction at the highest concentrations 

(50 and 100 μM).  

3.2. Modulation of Both mRNA Levels and Protein Expression of DIO-1 After Nutraceutical Treatment  

Based on the cytotoxicity results and dose response single compound DIO-1 inductions, we 

selected a single dose for each nutraceutical compound, specifically 2.5 μM for taurine and resveratol, 

50 μM for retinol for the modulation of DIO-1 after concurrent nutraceutical compound treatments.  

The dose of oleic acid (OA) and lipopolisaccaride (LPS) was chosen on the basis of the literature 

and corresponds to 100 μM and 1μg/ml, respectively [30,31]. 

The results demonstrate differential regulation of DIO-1 expression at both the mRNA and 

protein levels in HEPG2 cells under various treatments. At the protein level, the “Combined” 

treatment markedly increased DIO-1 protein expression compared to medium control, indicating a 

synergistic or cumulative effect of the combined factors in modulating DIO-1 abundance (##p<0.01). 

At the mRNA level, LPS alone caused a pronounced down-regulation of DIO-1 transcript levels as 

showed in Figure 2. Simultaneous treatments largely prevented LPS-mediated suppression of DIO-1 

mRNA, restoring or even enhancing its expression. 
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Panel B of Figure 2 presents data on DIO-1 protein expression in HEPG2 cells following a 

simultaneous treatment. The results show that the concurrent treatment significantly increases DIO-

1 protein expression compared to the control. 

4. Discussion 

This in vitro study demonstrates that DIO1 expression in hepatic cells is markedly 

downregulated in response to lipopolysaccharide (LPS)–induced inflammation. Treatment with a 

combination of taurine, resveratrol, retinoic acid, and oleic acid effectively restored DIO1 expression 

at both the gene and protein levels. Cytotoxicity assays confirmed the absence of significant toxicity 

in both cell lines across the tested concentration range, with cell viability remaining above 75% in all 

conditions [32]. 

We selected the concentrations of resveratrol, taurine, and retinol for DIO1 modulation assays 

by combining cytotoxicity data with single-compound dose–response experiments, in order to 

identify the most biologically effective but non-toxic range. Notably, the observed DIO1 modulation 

occurred at concentrations well below the cytotoxic threshold, supporting the physiological relevance 

of the findings. Previous in vitro studies used resveratrol concentrations between 0.5 and 5 μM to 

achieve biological activity [33], and the mean serum concentration after a 500 mg oral dose in healthy 

volunteers is about 0.3 μM [34]. Plasma retinol concentrations after 20 mg supplementation reach 1.3 

μM [35], while normal taurine plasma levels are around 40 μM—approximately 15-fold higher than 

the concentration used in our experiments. For oleic acid, typical plasma concentrations range from 

0.2 to 5.0 mmol/L (Abdelmagid et al., 2015), and the 100 μM concentration applied here is comparable 

to postprandial levels following a MUFA-rich meal. Overall, the tested concentrations were within 

the same order of magnitude as those achieved in humans through dietary supplementation, 

ensuring translational plausibility. 

At the molecular level, LPS exposure significantly reduced DIO1 transcript abundance, in line 

with prior evidence showing that inflammatory cytokines and oxidative stress suppress deiodinase 

activity in hepatic and other systems [3,19]. Individually, taurine, resveratrol, and retinoic acid 

increased DIO1 mRNA relative to control, consistent with their known antioxidant and 

transcriptional effects on hepatic metabolism. Importantly, concurrent treatment with all four 

nutrients fully counteracted the LPS-induced suppression of DIO1 expression, suggesting a 

synergistic or complementary mechanism that stabilizes thyroid hormone activation under 

inflammatory stress. The partial discrepancy between mRNA and protein expression may reflect 

post-transcriptional regulation or differences in protein stability [2]. Mechanistically, these nutrients 

exert converging antioxidant and anti-inflammatory effects—taurine and oleic acid modulate 

oxidative tone and cytokine signaling, resveratrol enhances mitochondrial biogenesis, and retinoic 

acid acts via nuclear receptors—while selenium, although not directly tested, is indispensable for 

DIO1 catalytic activity. 

These findings support the concept that inflammation-driven suppression of DIO1 contributes 

to impaired fT4-to-fT3 conversion, a frequent event in chronic inflammatory and catabolic states 

[12,36]. Persistent reduction in peripheral T3 generation correlates with frailty, sarcopenia, and poor 

clinical outcomes across various conditions [9–11,13–18]. The present study thus provides 

mechanistic insight into how specific nutrients may counteract this impairment, offering biological 

plausibility for nutritional strategies that sustain thyroid hormone activation and metabolic 

resilience. 

From a practical perspective, nutritional supplements or food for special medical purposes 

(FSMPs) enriched with bioactive compounds such as taurine, resveratrol, vitamin A, oleic acid, and 

selenium could represent innovative tools to address the complex malnutrition frequently observed 

in older, pre-frail, and frail adults, as well as in cancer patients. In these settings, low-grade systemic 

inflammation, oxidative stress, and nutrient deficiencies often converge to blunt fT4-to-fT3 

conversion, leading to reduced metabolic efficiency, muscle wasting, and poorer tolerance to therapy 

[9–12,14–18]. By combining antioxidant and anti-inflammatory nutrients capable of supporting 
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deiodinase activity, next-generation FSMPs could provide a new nutritional strategy to preserve 

muscle integrity, enhance treatment tolerance, and improve outcomes in these high-risk populations. 

Similar alterations in thyroid hormone activation have been described in other chronic disorders, 

including inflammatory bowel disease, Parkinson’s disease, dialysis-dependent renal failure, 

rheumatoid arthritis, and anorexia nervosa, suggesting that deiodinase modulation may be a 

unifying nutritional target across multiple inflammatory and catabolic diseases [37–40]. 

A limitation of this study is the use of a single cellular model, which cannot replicate systemic 

thyroid hormone regulation or tissue cross-talk. Nevertheless, the consistency between these results 

and clinical observations supports further research into nutritional interventions designed to 

preserve fT4-to-fT3 conversion and metabolic homeostasis under inflammatory stress. 

In conclusion, concurrent exposure to taurine, resveratrol, oleic acid, and vitamin A effectively 

prevented inflammation-induced DIO1 suppression. These findings reinforce the hypothesis that 

targeted nutritional modulation can mitigate inflammation-related impairment of fT4-to-fT3 

conversion, offering a promising avenue for maintaining endocrine and metabolic health in frail, 

elderly, or oncologic patients and potentially across a broader spectrum of chronic inflammatory 

conditions. 

Reference 

1. Bianco AC, Kim BW. Deiodinases: implications of the local control of thyroid hormone action. J Clin Invest. 

2006 Oct;116(10):2571-9. doi: 10.1172/JCI29812. PMID: 17016550; PMCID: PMC1578599. 

2. Gereben B, Zavacki AM, Ribich S, Kim BW, Huang SA, Simonides WS, Zeöld A, Bianco AC. Cellular and 

molecular basis of deiodinase-regulated thyroid hormone signaling. Endocr Rev. 2008 Dec;29(7):898-938. 

doi: 10.1210/er.2008-0019. Epub 2008 Sep 24. PMID: 18815314; PMCID: PMC2647704. 

3. Fekete C, Lechan RM. Central regulation of hypothalamic-pituitary-thyroid axis under physiological and 

pathophysiological conditions. Endocr Rev. 2014 Apr;35(2):159-94. doi: 10.1210/er.2013-1087. Epub 2013 

Dec 13. PMID: 24423980; PMCID: PMC3963261. 

4. Koenig RJ. Regulation of type 1 iodothyronine deiodinase in health and disease. Thyroid. 2005 

Aug;15(8):835-40. doi: 10.1089/thy.2005.15.835. PMID: 16131326. 

5. Peeters RP, van der Geyten S, Wouters PJ, Darras VM, van Toor H, Kaptein E, Visser TJ, Van den Berghe 

G. Tissue thyroid hormone levels in critical illness. J Clin Endocrinol Metab. 2005 Dec;90(12):6498-507. doi: 

10.1210/jc.2005-1013. Epub 2005 Sep 20. PMID: 16174716. 

6. Warner MH, Beckett GJ. Mechanisms behind the non-thyroidal illness syndrome: an update. J Endocrinol. 

2010 Apr;205(1):1-13. doi: 10.1677/JOE-09-0412. Epub 2009 Dec 16. PMID: 20016054. 

7. Wajner SM, Maia AL. New Insights toward the Acute Non-Thyroidal Illness Syndrome. Front Endocrinol 

(Lausanne). 2012 Jan 26;3:8. doi: 10.3389/fendo.2012.00008. PMID: 22654851; PMCID: PMC3356062. 

8. Zhai Y, Wang B, Han W, Yu B, Ci J, An F. Correlation between systemic inflammatory response index and 

thyroid function: 2009-2012 NHANES results. Front Endocrinol (Lausanne). 2024 Jan 22;14:1305386. doi: 

10.3389/fendo.2023.1305386. PMID: 38317709; PMCID: PMC10841575. 

9. Okoye C, Arosio B, Carino S, Putrino L, Franchi R, Rogani S, Cesari M, Mari D, Vitale G, Malara A, Calsolaro 

V, Monzani F. The Free Triiodothyronine/Free Thyroxine Ratio Is Associated with Frailty in Older Adults: 

A Longitudinal Multisetting Study. Thyroid. 2023 Feb;33(2):169-176. doi: 10.1089/thy.2022.0422. PMID: 

36641642. 

10. Bertoli A, Valentini A, Cianfarani MA, Gasbarra E, Tarantino U, Federici M. Low FT3: a possible marker of 

frailty in the elderly. Clin Interv Aging. 2017 Feb 10;12:335-341. doi: 10.2147/CIA.S125934. PMID: 28228654; 

PMCID: PMC5312686. 



 6 of 8 

 

11. Zhang L, Tu YY, Zhao Z, Jin J, Tao J, Zhang XY. Lower serum FT3 within the reference range is associated 

with mortality for older adults over 80 years of age with sarcopenia. BMC Geriatr. 2023 Feb 6;23(1):77. doi: 

10.1186/s12877-023-03783-8. PMID: 36747122; PMCID: PMC9900526. 

12. Müller NA, Kaegi-Braun N, Durmisi M, Gressies C, Tribolet P, Stanga Z, Mueller B, Schuetz P. Low T3 

Syndrome on Admission and Response to Nutritional Support in Malnourished Medical Inpatients. J Clin 

Endocrinol Metab. 2023 May 17;108(6):e240-e248. doi: 10.1210/clinem/dgac743. PMID: 36546619. 

13. Schirripa M, Pasqualetti G, Giampieri R, Scartozzi M, Lonardi S, Rumanò L, Bergamo F, Stragliotto S, 

Murgioni S, Alberti G, Rizzato MD, Prete AA, Puzzoni M, Pusceddu V, Ziranu P, Pani F, Mariotti S, Zagonel 

V, Monzani F, Loupakis F. Prognostic Value of Thyroid Hormone Ratios in Patients With Advanced 

Metastatic Colorectal Cancer Treated With Regorafenib: The TOREADOR Study. Clin Colorectal Cancer. 

2018 Sep;17(3):e601-e615. doi: 10.1016/j.clcc.2018.05.013. Epub 2018 Jun 8. PMID: 30149875. 

14. Pasqualetti G, Schirripa M, Dochy E, Fassan M, Ziranu P, Puzzoni M, Scartozzi M, Alberti G, Lonardi S, 

Zagonel V, Monzani F, Loupakis F. Thyroid hormones ratio is a major prognostic marker in advanced 

metastatic colorectal cancer: Results from the phase III randomised CORRECT trial. Eur J Cancer. 2020 

Jul;133:66-73. doi: 10.1016/j.ejca.2020.04.023. Epub 2020 May 20. PMID: 32446145. 

15. Maruzzo M, Verzoni E, Vitale MG, Dionese M, Buti S, Galli L, Zivi A, Watutantrige-Fernando S, Zielli T, 

Zanardi E, Sabbatini R, Basso U, Zagonel V, Procopio G. Prognostic Value of Thyroid Hormone Ratio in 

Patients With Advanced Metastatic Renal Cell Carcinoma: Results From the Threefour Study (Meet-URO 

14). Front Oncol. 2021 Nov 25;11:787835. doi: 10.3389/fonc.2021.787835. PMID: 34900742; PMCID: 

PMC8655227. 

16. Pierantoni F, Dionese M, Basso U, Lai E, Cavasin N, Erbetta E, Mattana A, Bimbatti D, Zagonel V, Lonardi 

S, Maruzzo M. The prognostic Value of Thyroid Hormone Levels in Immunotherapy-Treated Patients With 

Metastatic Urothelial Carcinoma. Clin Genitourin Cancer. 2023 Oct;21(5):e378-e385. doi: 

10.1016/j.clgc.2023.04.006. Epub 2023 Apr 18. PMID: 37164813. 

17. Eccher S, Sposito M, Trestini I, Scaglione IM, Pasqualin L, Tregnago D, Avancini A, Insolda J, Confortini L, 

Dodi A, Stefani A, Cintoni M, Sperduti I, Mele MC, Loupakis F, Tiseo M, Bria E, Milella M, Pilotto S, 

Belluomini L. Low fT3/fT4 ratio as a proxy for muscle wasting in patients with advanced non-small cell 

lung cancer treated with pembrolizumab. Front Oncol. 2025 Aug 27;15:1635321. doi: 

10.3389/fonc.2025.1635321. PMID: 40936692; PMCID: PMC12421168. 

18. Tuninetti V, Virano E, Calvo A, Carbone V, Pisano C, Ducceschi M, Turitto G, Scandurra G, Petrella MC, 

Forestieri V, Petracchini M, Bianco A, Cioffi R, Mantiero M, Paluzzi E, Distefano MG, Martelli O, Pignata S, 

Formica V, Loupakis F, Valabrega G. Peripheral Thyroid Hormones, Inflammatory and Skeletal Muscle 

Indexes in Advanced Cervical Cancer Treated With Cemiplimab. J Cachexia Sarcopenia Muscle. 2025 

Oct;16(5):e70101. doi: 10.1002/jcsm.70101. PMID: 41078102; PMCID: PMC12516151. 

19. Boelen, A., Kwakkel, J., Wiersinga, W.M. (2004). Regulation of type I iodothyronine deiodinase in health 

and disease. Journal of Endocrinology, 183(3), 291–307. https://doi.org/10.1677/joe.1.05742;  

20. Kwakkel J, Chassande O, van Beeren HC, Fliers E, Wiersinga WM, Boelen A. Thyroid hormone receptor 

{alpha} modulates lipopolysaccharide-induced changes in peripheral thyroid hormone metabolism. 

Endocrinology. 2010 Apr;151(4):1959-69. doi: 10.1210/en.2009-1049. Epub 2010 Mar 1. PMID: 20194731. 

21. Chaudière J. Biological and Catalytic Properties of Selenoproteins. Int J Mol Sci. 2023 Jun 14;24(12):10109. 

doi: 10.3390/ijms241210109. PMID: 37373256; PMCID: PMC10298544. 

22. Filippi S, Latini P, Frontini M, Palitti F, Egly JM, Proietti-De-Santis L. CSB protein is (a direct target of HIF-

1 and) a critical mediator of the hypoxic response. EMBO J. 2008 Oct 8;27(19):2545-56. doi: 

10.1038/emboj.2008.180. Epub 2008 Sep 11. PMID: 18784753; PMCID: PMC2567410 



 7 of 8 

 

23. Berni A, Grossi MR, Pepe G, Filippi S, Muthukumar S, Papeschi C, Natarajan AT, Palitti F. Protective effect 

of ellagic acid (EA) on micronucleus formation induced by N-methyl-N'-nitro-N-nitrosoguanidine 

(MNNG) in mammalian cells, in in vitro assays and in vivo. Mutat Res. 2012 Jul 4;746(1):60-5. doi: 

10.1016/j.mrgentox.2012.03.007. Epub 2012 Mar 27. PMID: 22475933. 

24. Botta L, Filippi S, Bizzarri BM, Meschini R, Caputo M, Proietti-De-Santis L, Iside C, Nebbioso A, Gualandi 

G, Saladino R. Oxidative nucleophilic substitution selectively produces cambinol derivatives with 

antiproliferative activity on bladder cancer cell lines. Bioorg Med Chem Lett. 2019 Jan 1;29(1):78-82. doi: 

10.1016/j.bmcl.2018.11.006. Epub 2018 Nov 7. PMID: 30442421. 

25. Marcinkiewicz J, Kontny E. Taurine and inflammatory diseases. Amino Acids. 2014 Jan;46(1):7-20. doi: 

10.1007/s00726-012-1361-4. Epub 2012 Jul 19. PMID: 22810731; PMCID: PMC3894431. 

26. Schuller-Levis GB, Park E. Taurine: new implications for an old amino acid. FEMS Microbiol Lett. 2003 Sep 

26;226(2):195-202. doi: 10.1016/S0378-1097(03)00611-6. PMID: 14553911. 

27. Wu JY, Prentice H. Role of taurine in the central nervous system. J Biomed Sci. 2010 Aug 24;17 Suppl 1(Suppl 

1):S1. doi: 10.1186/1423-0127-17-S1-S1. PMID: 20804583; PMCID: PMC2994408. 

28. Baliou S, Adamaki M, Ioannou P, Pappa A, Panayiotidis MI, Spandidos DA, Christodoulou I, 

Kyriakopoulos AM, Zoumpourlis V. Protective role of taurine against oxidative stress (Review). Mol Med 

Rep. 2021 Aug;24(2):605. doi: 10.3892/mmr.2021.12242. Epub 2021 Jun 29. PMID: 34184084; PMCID: 

PMC8240184. 

29. Tu S, Zhang X, Luo D, Liu Z, Yang X, Wan H, Yu L, Li H, Wan F. Effect of taurine on the proliferation and 

apoptosis of human hepatocellular carcinoma HepG2 cells. Exp Ther Med. 2015 Jul;10(1):193-200. doi: 

10.3892/etm.2015.2476. Epub 2015 May 7. PMID: 26170934; PMCID: PMC4486811. 

30. Sun Y, Wang J, Guo X, Zhu N, Niu L, Ding X, Xie Z, Chen X, Yang F. Oleic Acid and Eicosapentaenoic Acid 

Reverse Palmitic Acid-induced Insulin Resistance in Human HepG2 Cells via the Reactive Oxygen 

Species/JUN Pathway. Genomics Proteomics Bioinformatics. 2021 Oct;19(5):754-771. doi: 

10.1016/j.gpb.2019.06.005. Epub 2021 Feb 23. PMID: 33631425; PMCID: PMC9170756. 

31. Gómez-Quiroz L, Bucio L, Souza V, Escobar C, Farfán B, Hernández E, Konigsberg M, Vargas-Vorackova 

F, Kershenobich D, Gutiérrez-Ruiz MC. Interleukin 8 response and oxidative stress in HepG2 cells treated 

with ethanol, acetaldehyde or lipopolysaccharide. Hepatol Res. 2003 Jun;26(2):134-141. doi: 10.1016/s1386-

6346(03)00010-x. PMID: 12809941. 

32. Oliveira LM, Teixeira FME, Sato MN. Impact of Retinoic Acid on Immune Cells and Inflammatory Diseases. 

Mediators Inflamm. 2018 Aug 9;2018:3067126. doi: 10.1155/2018/3067126. PMID: 30158832; PMCID: 

PMC6109577. 

33. Gresele P, Pignatelli P, Guglielmini G, Carnevale R, Mezzasoma AM, Ghiselli A, Momi S, Violi F. 

Resveratrol, at concentrations attainable with moderate wine consumption, stimulates human platelet 

nitric oxide production. J Nutr. 2008 Sep;138(9):1602-8. doi: 10.1093/jn/138.9.1602. PMID: 18716157. 

34. Sergides C, Chirilă M, Silvestro L, Pitta D, Pittas A. Bioavailability and safety study of resveratrol 500 mg 

tablets in healthy male and female volunteers. Exp Ther Med. 2016 Jan;11(1):164-170. doi: 

10.3892/etm.2015.2895. Epub 2015 Nov 25. PMID: 26889234; PMCID: PMC4726856. 

35. Formelli F, Cavadini E, Mascheroni L, Belli F, Cascinelli N. Pharmacokinetics and effects on plasma retinol 

concentrations of 13-cis-retinoic acid in melanoma patients. Br J Cancer. 1997;76(12):1655-60. doi: 

10.1038/bjc.1997.613. PMID: 9413958; PMCID: PMC2228192. 

36. Zhai Y, Wang B, Han W, Yu B, Ci J, An F. Correlation between systemic inflammatory response index and 

thyroid function: 2009-2012 NHANES results. Front Endocrinol (Lausanne). 2024 Jan 22;14:1305386. doi: 

10.3389/fendo.2023.1305386. PMID: 38317709; PMCID: PMC10841575. 



 8 of 8 

 

37. Ozen KP, Asci G, Gungor O, Carrero JJ, Kircelli F, Tatar E, Sevinc Ok E, Ozkahya M, Toz H, Cirit M, Basci 

A, Ok E. Nutritional state alters the association between free triiodothyronine levels and mortality in 

hemodialysis patients. Am J Nephrol. 2011;33(4):305-12. doi: 10.1159/000324883. Epub 2011 Mar 8. PMID: 

21389695. 

38. Peng Y, Zhu L, Bai Q, Wang L, Li Q. Associations between Thyroid Hormones and Cognitive Impairment 

in Patients with Parkinson's Disease. eNeuro. 2024 Oct 1;11(10):ENEURO.0239-24.2024. doi: 

10.1523/ENEURO.0239-24.2024. PMID: 39288996; PMCID: PMC11457268. 

39. Tsuji H, Hashimoto M, Harada T, Tanaka M, Ito H, Murakami K, Ohmura K, Fujii T, Mimori T. Persistent 

anemia and hypoalbuminemia in rheumatoid arthritis patients with low serum triiodothyronine level. 

Mod Rheumatol. 2020 Jul;30(4):640-647. doi: 10.1080/14397595.2019.1649109. Epub 2019 Aug 8. PMID: 

31393192. 

40. Wronski ML, Tam FI, Seidel M, Mirtschink P, Poitz DM, Bahnsen K, Steinhäuser JL, Bauer M, Roessner V, 

Ehrlich S. Associations between pituitary-thyroid hormones and depressive symptoms in individuals with 

anorexia nervosa before and after weight-recovery. Psychoneuroendocrinology. 2022 Mar;137:105630. doi: 

10.1016/j.psyneuen.2021.105630. Epub 2021 Dec 16. PMID: 34959165. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 


