
T2/T3

Converter

Clinical Applications

Indications

Improves regulation of thyroid hormones


Helps convert T4 into T3


Helps convert T3 into T2


Helps break down rT3 into T2

T2/T3 Converter is designed to improve the 
proportion of thyroid hormones including T4, T3, T2, 
and rT3. It can help lower excess rT3, raise T3 when 
it is too low, and form T2 out of rT3.



Once thyroid hormones enter peripheral circulation, 
they undergo numerous conversion steps 
systemically and within target tissues. 





The process of conversion can be thought of as 
classic and alternate pathways. The alternate 
pathways involving thyronamines are regulated by 
numerous overlapping mechanisms. These 
regulatory systems can be thought of as central and 
peripheral. 




The classic pathways are primarily mediated through 
the deiodinase enzymes and involve the removal of 
target iodine atoms. These include Deiodinase types 
1, 2, and 3. These work in different body parts, each 
having distinct effects.2


Classic Pathways




Image 1: Pathways of Thyroid Hormone Conversion

Thyronamines - Overview
The thyroid gland secretes a variable amount of the 
hormones T4, T3, and T2. The body converts these 
primary hormones into over a dozen active 
compounds, collectively known as thyronamines.1 
These compounds are tyrosine peptides organified 
with iodine.



The difference between thyronamines is the 
number of iodine atoms and their location on the 
molecule. T4 and T3 are the best known of the 
thyronamines but the next most studied include T2 
(3,5- diiodo-L-thyronine) and Reverse T3 (3,3',5'-
triiodothyronine or rT3).



Thyroid hormones control the body’s capacity to 
burn fuel, repair connective tissues, and regulate 
nerve conduction rate. These three processes play a 
role in every cell and can cause nearly any possible 
symptom.



Thyroid hormones act on these processes by their 
total amount in circulation, the amount in local 
tissues, and the proportion between the various 
hormones.



Clinicians and researchers recognize that the 
individual levels and ratios of the hormones T4, T3, 
rT3, and T2 can have marked clinical significance.

Patients can suffer from thyroid symptoms related 
to the wrong ratio of these hormones independent 
of the total quantity of thyroid hormones.



Patients can suffer from thyroid symptoms related 
to the wrong ratio of these hormones independent 
of the total quantity of thyroid hormones.



The thyroid gland can change the ratios of T4 and 
T3 that It secretes. Yet the proportion of 
thyronamines in circulation,  including T4, T3, T2, 
and rT3, is primarily by mechanisms outside the 
thyroid. 

Conversion



#c99q11kiuzb3


Alternate Pathways



The alternate pathways of thyroid hormone 
regulation are primarily related to the deactivation 
and elimination of hormones. They include:



The classical and alternative conversion pathways 
together create a balance of thyronamines dictated 
by the needs of local tissues. 





During thyroid disease, conversion pathways do not 
always yield the optimal balance of thyronamines. 


Thyroxine is the main hormone released by the 
gland. It is an active hormone by itself and serves as 
a precursor to T3 and rT3. T4 acts on cells 
independent from T3, as evidenced by distinct cell 
receptors.5



Thyroxine may be lacking in untreated overt 
hypothyroidism or in suppressive doses of T3-
containing medication. 




Thyroxine may be elevated in untreated 
hyperthyroidism or in excessive amounts of T4-
containing medication. 





Common clinical scenario: T4 relative to T3 and T2 
may be excessive in patients on T4-only medication. 











Image 4: Triiodothyronine (T3)



Low T4




High T4




T3

Triiodothyronine is the second most predominant 
hormone released by the gland. Most, but not all 
thyroid hormone receptors are T3 responsive. T3 
also serves as a precursor for T2.






A known subset of hypothyroid patients who receive 
T4-only replacement has lower levels of T3 relative 
to T4 than healthy controls.6 These low T3 issues 
may not correspond to serum levels. Because of this, 
patients may manifest hypothyroid symptoms such 
as fatigue or weight gain even if serum T3 or free T3 
levels are normal.7



Low T3




Clinical Relevance of Conversion

Glucuronidation



Sulfation



Ether bond cleavage



Oxidative deamination

Image 2: Alternate Pathways of Thyroid Hormone 
Conversion3

T4



Image 3: Thyroxine (T4)4



High T3




rT3



Triiodothyronine may be elevated in untreated 
hyperthyroidism or in excessive amounts of T3-
containing medication such as Cytomel, Natural 
Desiccated Thyroid, or compounded T3. 
Triiodothyronine can be elevated or high normal in 
states of obesity or pre-diabetes.8





Common clinical scenario: T3 relative to T4 and T2 
may be lacking in patients on T4-only medication. 



Image 5: Reverse Triiodothyronine (rT3)9





Most T4 secreted from the thyroid is converted into 
Reverse T3 (rt3). rT3 is a deactivated intermediary of 
T4, but it also has activity on its own. 



Low rT3 is not a well-explored clinical condition. The 
only known scenario in which it might arise would be 
prolonged T3 monotherapy. Since this has not been 
the subject of adequately powered human trials, 
little is known about its implications.  Some local 
tissues, such as the brain, depend on rT3 for normal 
metabolism.10



States of high systemic rT3 can correlate with 
chronic inflammation, fasting, abnormal cortisol 
production, and ongoing disease processes. Patients 
with high rT3 often present with unresolved 
hypothyroid symptoms. It often remains unclear 
whether high rT3 is a beneficial adaptation in such 
states.11

Low rT3



High rT3



Resolving the causes of high rT3 may correlate with 
numerous clinical benefits including:


High rT3 can also be present as a beneficial 
adaptation to thyrotoxicosis. Patients with excess 
thyroid medication or unresolved hyperthyroidism 
will form higher amounts of rT3 as a healthy way to 
clear excess thyroid hormones. 





If high rT3 is present, the most effective approaches 
are managing hyperthyroidism and helping to 
improve the body’s ability to regulate it, and other 
thyronamines. 





Common clinical scenario: High rT3 can come from 
poor hormone conversion or excessive amounts of 
T4-containing thyroid medication.



Image 6: Diiodotyrosine (T2)12


T2



T2 is one of the most significant of the 
thyronamines, yet it remains underappreciated by 
clinicians. It has three types: 3,5 T2 and 3,3’ T2 and 
3’,5’ T2. The first, 3,5 T2, is the one I will refer to as 
T2.13





The thyroid may directly secrete T2, but most of it is 
from T3 and rT3 in circulation. T2 plays many of the 
same roles as T3 but acts on different receptors. 
Since there are no commercially available assays for 
T2, and T2 does not suppress TSH, its absence can 
contribute to hypothyroidism without being 
measurable. 



Improved energy



Weight loss



Hair regrowth



Benefits to cognitive function



Reduced inflammation





Low T2



T2 levels are known to be lower than healthy 
controls in:




T2 supplementation?



There are many examples where synthetic 
hormones taken as pills do not work the same as 
hormones the body makes naturally. 





T2 supplementation is currently unregulated as a 
nonprescription product. No forms of prescription 
T2 exist. The drawback to supplementing with T2 is 
that it is impossible to track blood levels. The other 
problem is that T2 supplementation can 
bioaccumulate to dangerous levels within the liver.23 
Preclinical studies have shown that supplementing 
with T2 supplements can lead to cardiac damage in 
as little as four weeks.24




If low T2 is suspected, the most effective approach 
is improving the body’s ability to regulate it and 
other thyronamines. T2/T3 Converter can safely help 
the body regulate its thyroid hormones.




High T2



Excess Diiodotyrosine is present in unmanaged 
hyperthyroidism and excessive dosing of T2-
containing medication such as Natural Desiccated 
Thyroid or non-prescription T2 supplements. 




Common clinical scenario: Hypothyroid patients 
may fail to achieve symptom resolution due to a lack 
of T2. This deficit can be corrected by managing 
hypothyroidism and assuming optimal thyroid 
hormone conversion with nutraceutical support. 




A comprehensive literature analysis has been done 
on using nutraceuticals for hypothyroidism. Criteria 
employed include efficacy in human studies, safety, 
availability, and compatibility with thyroid 
medications when taken at least an hour apart. 





Given those criteria, nutraceuticals are safe and 
beneficial for thyroid hormone conversion. 




Selenium is an essential trace mineral. All aspects of 
thyroid function require an adequate supply of 
selenium. Selenium is also necessary for deiodinase 
enzymes that regulate peripheral thyroid hormone 
metabolism.25




How it Improves Peripheral Metabolism




Selenium helps the thyroid make glutathione, the 
antioxidant that protects the thyroid against 
oxidative damage from iodine. Thyroid antibodies 
elevate when the damage to the cells escalates, 
impairing optimal secretion of hormones.26




All deiodinase enzymes (D1, D2, D3) are 
selenoproteins that contain selenocysteine as their 
active center.27  Even in cases of selenium 
sufficiency, when selenoproteins are not adequately 
synthesized into selenocysteine, the deiodinase 
enzyme activity is impaired. This impairment of 
deiodinase enzymes can impair the conversion of 
thyroid hormones and inhibit the optimal balance of 
thyronamines.28





Selenocysteine



Mechanisms of Action



The lack of T2 is significant. It can be present in 
those not on thyroid medication or those taking T4-
only medication like Synthroid. It may also be 
present in patients who take T3 as in Cytomel or 
Natural Desiccated Thyroid. 





Studies have shown that healthy levels of T2 can 
improve




Pregnancy



Those on full thyroid replacement



Elderly patients



Oxygen utilization (more than T3)14



Detoxification enzymes15



Mitochondrial ATP synthesis16



Activation of brown fat17



Beta oxidation (fat burning)18



Body composition19



Cholesterol levels20



Blood sugar regulation21



Renal function22



Nutraceuticals for Conversion



Clinical trials



In a study of hypothyroid pregnant women, 
selenium status was directly shown to correlate with 
better thyroid function and more optimal free T4 
levels.29



Image 7: Serum Selenium and fT4




Vitamin E



How it Improves Peripheral Metabolism



Zinc



Vitamin E is a family of lipid-soluble antioxidants, 
including multiple isomers and sub-compounds. D-
Alpha Tocopheryl Succinate is a representative 
Vitamin E isomer that has been shown to have 
beneficial effects on the balance of thyronamines.



D1 peripheral metabolism can be disrupted by free 
radical stress such as lipid peroxidation. Exposure to 
numerous environmental toxicants, including 
cadmium and lead, is known to cause lipid 
peroxidation and disrupt deiodinase activity.

 

Preclinical trials have shown that the administration 
of vitamin E isomers can prevent lipid peroxidation 
from leading to disruptions in thyroid metabolism.30



Next to iodine and selenium, zinc is arguably the 
next most critical mineral for thyroid hormone 
production and regulation.



How it Improves Peripheral Metabolism



Zinc regulates all deiodinase enzymes and can 
improve the balance of T3, T2, and rT3. It is essential 
for the hypothalamic activity of thyrotropin-
releasing hormone and the pituitary production of 
TSH. 





Zinc also plays a role in the action of transcription 
factors used in thyroid hormone synthesis. 
Circulating levels of zinc can directly affect levels of 
TSH, T4, and T3.31,32



D-Limonene and Calcium-D-
Glucarate



Why Glucuronidation Matters



D-limonene is a naturally occurring monocyclic 
monoterpene. It is found in a wide variety of citrus 
fruits and other plants.

 

Humans metabolize d-limonene into various 
compounds, including perillic acid, dihydroperillic 
acid, limonene-8,9-diol, and monohydroxylated 
limonene. All of these metabolites are known to act 
as glucuronides.33 Oral usage of glucuronides lower 
beta-glucuronidase, an enzyme produced in the 
large intestine.34



The colon contains a reservoir of thyroid hormones, 
especially T4. As much as 20% of a given day’s 
thyroid hormones may be bound by glucaric acid in 
the colon. This reservoir of hormones is loosely 
bound to gluconic acid and can be assimilated via 
entero-hepatic recirculation. Healthy euthyroid 
controls can draw on this source against times of 
lower hormone availability and add to it during 
times of hormone excess. 





Studies have shown that when glucuronidation is 
impaired, TSH levels can increase, and medication 
changes may be necessary. 35 Glucuronidation is also 
a critical pathway in humans for clearance of rT3.36





Improving glucuronidation restores the critical 
connection between the thyroid-gut axis allowing 
the body to maintain ideal proportions of circulating 
thyroid hormones.








Ellagic Acid



How it Improves Peripheral Metabolism


Ellagic acid is a polyphenol found in many fruits and 
vegetables. Pomegranates are a particularly rich 
source of it. The FDA lists it with other culinary 
herbs and spices in its Generally Recognized as Safe 
ingredients.








Ellagic acid and its metabolites, have numerous 
effects on thyroid hormone metabolism. Some of 
these effects come from the inhibition of beta-
glucuronidase, as in the case of D-limonene and 
calcium-d-glucarate.37 





Other effects come from the activity ellagic acid has 
on thyroid hormone receptors. Ellagic acid and 
ellagitannins are converted in the gut to urolithins. 
These urolithins improve the circulating proportion 
of thyronamines. 





In preclinical studies, ellagic acid metabolites have 
been shown to increase T3 production from brown 
adipose tissue. This change increased basal 
metabolic rate and prevented weight gain.38





Image 7: T3 in Adipose Tissue (ng/g)





Turmeric Root 



Turmeric has thyroprotective effects by improving 
antioxidant, anti-inflammatory, and anti-apoptotic 
effects. It can also activate NRF2 pathways that 
prevent oxidative damage to thyroid tissues.



How it Improves Peripheral Metabolism


Curcumin from turmeric root can improve low levels 
of T3. This effect was documented when T3 was low, 
secondary to high levels of pro-inflammatory 
cytokines.


A study used pharmacologic doses of lithium to 
induce thyroid dysfunction. The production of 
cytokines caused elevations of TSH and dramatic 
reductions in fT3. The usage of curcumin prevented 
over 75% of the fT3 inhibition. 39





Image 8: Protective effects of curcumin against 
lithium toxicity.

Grape seed Extract 




Human Clinical Trials




Grape seed extract is considered by researchers to 
be among the most effective plant antioxidants. It 
has been shown to benefit numerous oxidative, 
inflammatory, and vascular issues.40 





It is thought to benefit thyroid disease by improving 
hypervascular states and lowering chronic tissue 
inflammation. 




In a clinical trial, a group of adults was given 
levothyroxine for 30 days. Researchers tracked their 
free radicals, inflammation, symptoms, and thyroid 
levels. 





They were then divided into three groups, each of 
which received an additional pill to take after taking 
levothyroxine. One pill was a placebo, one was a 
blend of bioflavonoids, and one was oligomeric 
proanthocyanidins from grape seed extract. 




The expectation was that extra T4 relative to T3 
would cause symptoms since these patients were 
euthyroid before the trial. The group that was given 
grape seed extract saw lower rates of inflammation, 
free radicals, and negative symptoms than those 
groups on bioflavonoids or placebo.41



Supportive Strategies for 
Hormone Conversion



T2/T3 Converter is best used as part of a 
comprehensive protocol aimed to improve thyroid 
hormone conversion. Additional therapies should 
include



T2/T3 Converter Dosage:



Does Not Contain



1 capsule once daily with food or as recommended 
by your health care professional. 



Antibody Support does not contain Iodine, gluten, 
corn, yeast, soy, GMOs, dairy products, artificial 
colors, artificial flavors, or preservatives.

Side Effects



The ingredients in T2/T3 Converter are categorized 
as Generally Recognized as Safe (GRAS) by the FDA. 





Common side effects to GRAS ingredients are 
similar to the rates of side effects to placebo and 
can include nausea, headache, and fatigue. Inform 
your doctor or pharmacist about any possible side 
effects of supplements or medications. 


Cautions 






Timing

Medication Compatibility

Dosage modification

Allergy Warning

Pregnancy Warning

T2/T3 Converter must be taken at least an hour 
after thyroid replacement medication.

Those on prescription medications are advised to 
consult their personal doctor or pharmacist about 
any known interactions between their 
medications and the ingredients found in T2/T3 
Converter. 

Those taking T2/T3 Converter while on thyroid 
replacement medication (hypothyroidism, 
Hashimoto’s) or thyroid suppression therapy 
(Graves’ Disease) are advised to monitor thyroid 
levels closely. When thyroid antibodies reduce, 
some need decreases or adjustments to their 
medication. 

This product is contraindicated in an individual 
with a history of hypersensitivity to any of its 
ingredients.

If pregnant or nursing, do not use unless on the 
advice of and under the direct supervision of a 
health professional.

Supplement Facts

Thyroid Specific Multivitamin - Thyroid Daily



Iodine regulation as per the book The Thyroid 
Reset Diet



Identification of sources of chronic inflammation 
such as infections, or toxicants



Correction of abnormalities of cortisol slope





References
1.  Hoefig CS, Zucchi R, Köhrle J. Thyronamines and 
Derivatives: Physiological Relevance, Pharmacological 
Actions, and Future Research Directions. Thyroid. 
2016;26(12):1656-1673. doi:10.1089/thy.2016.0178




2.  Peeters RP, Visser TJ. Metabolism of Thyroid 
Hormone. [Updated 2017 Jan 1]. In: Feingold KR, 
Anawalt B, Boyce A, et al., editors. Endotext [Internet]. 
South Dartmouth (MA): MDText.com, Inc.; 2000-. 
Available from: https://www.ncbi.nlm.nih.gov/books/
NBK285545/




3.  Wijeratne, Nilika & Kao, Kung-Ting & Simm, Peter & 
Doery, James. (2014). A Baby Boy with Hypothyroidism 
and Hemangioendothelioma. Clinical Chemistry. 60. 
818-822. 10.1373/clinchem.2013.209189. 




4.  By Brenton (talk) - Own work, Public Domain, 
https://commons.wikimedia.org/w/index.php?
curid=33809792




5.  Ortiga-Carvalho TM, Sidhaye AR, Wondisford FE. 
Thyroid hormone receptors and resistance to thyroid 
hormone disorders. Nat Rev Endocrinol. 
2014;10(10):582-591. doi:10.1038/nrendo.2014.143




6.  Mateo RCI, Hennessey JV. Thyroxine and treatment 
of hypothyroidism: seven decades of experience. 
Endocrine. 2019;66(1):10-17. doi:10.1007/
s12020-019-02006-8




7.  Salas-Lucia F, Bianco AC. T3 levels and thyroid 
hormone signaling. Front Endocrinol (Lausanne). 
2022;13:1044691. Published 2022 Oct 27. doi:10.3389/
fendo.2022.1044691



8.  Pearce EN. Thyroid hormone and obesity. Curr Opin 
Endocrinol Diabetes Obes. 2012;19(5):408-413. 
doi:10.1097/MED.0b013e328355cd6c



9.  Reverse triiodothyronine. (2021, October 4). In 
Wikipedia. https://en.wikipedia.org/wiki/
Reverse_triiodothyronine



10.  Rastogi L, Godbole MM, Sinha RA, Pradhan S. 
Reverse triiodothyronine (rT3) attenuates ischemia-
reperfusion injury. Biochem Biophys Res Commun. 
2018;506(3):597-603. doi:10.1016/j.bbrc.2018.10.031



11.  Halsall DJ, Oddy S. Clinical and laboratory aspects 
of 3,3',5'-triiodothyronine (reverse T3). Ann Clin 
Biochem. 2021;58(1):29-37. 
doi:10.1177/0004563220969150

12.  By Klaus Hoffmeier - Own work, Public Domain, 
https://commons.wikimedia.org/w/index.php?
curid=2151525




13.  Lorenzini L, Nguyen NM, Sacripanti G, et al. Assay 
of Endogenous 3,5-diiodo-L-thyronine (3,5-T2) and 3,3'-
diiodo-L-thyronine (3,3'-T2) in Human Serum: A 
Feasibility Study. Front Endocrinol (Lausanne). 
2019;10:88. Published 2019 Feb 19. doi:10.3389/
fendo.2019.00088




14.  Lanni A, Moreno M, Cioffi M, Goglia F. Effect of 
3,3'-diiodothyronine and 3,5-diiodothyronine on rat 
liver oxidative capacity. Mol Cell Endocrinol. 
1992;86(3):143-148. doi:10.1016/0303-7207(92)90138-
v




15.  Lanni A, Moreno M, Horst C, Lombardi A, Goglia F. 
Specific binding sites for 3,3'-diiodo-L-thyronine (3,3'-
T2) in rat liver mitochondria. FEBS Lett. 
1994;351(2):237-240. 
doi:10.1016/0014-5793(94)00840-x




16.  Cavallo A, Gnoni A, Conte E, et al. 3,5-diiodo-L-
thyronine increases FoF1-ATP synthase activity and 
cardiolipin level in liver mitochondria of hypothyroid 
rats. J Bioenerg Biomembr. 2011;43(4):349-357. 
doi:10.1007/s10863-011-9366-3




17.  Lanni A, Moreno M, Lombardi A, Goglia F. 3,5-
Diiodo-L-thyronine and 3,5,3'-triiodo-L-thyronine both 
improve the cold tolerance of hypothyroid rats, but 
possibly via different mechanisms. Pflugers Arch. 
1998;436(3):407-414. doi:10.1007/s004240050650




18.  Cimmino M, Mion F, Goglia F, Minaire Y, Géloën A. 
Demonstration of in vivo metabolic effects of 3,5-di-
iodothyronine. J Endocrinol. 1996;149(2):319-325. 
doi:10.1677/joe.0.1490319




19.  Moreno M, Silvestri E, De Matteis R, et al. 3,5-
Diiodo-L-thyronine prevents high-fat-diet-induced 
insulin resistance in rat skeletal muscle through 
metabolic and structural adaptations. FASEB J. 
2011;25(10):3312-3324. doi:10.1096/fj.11-181982




20.  Goldberg IJ, Huang LS, Huggins LA, et al. Thyroid 
hormone reduces cholesterol via a non-LDL receptor-
mediated pathway. Endocrinology. 
2012;153(11):5143-5149. doi:10.1210/en.2012-1572



References
21.  Vatner DF, Snikeris J, Popov V, Perry RJ, Rahimi Y, 
Samuel VT. 3,5 Diiodo-L-Thyronine (T2) Does Not 
Prevent Hepatic Steatosis or Insulin Resistance in Fat-
Fed Sprague Dawley Rats. PLoS One. 
2015;10(10):e0140837. Published 2015 Oct 20. 
doi:10.1371/journal.pone.0140837




22.  Shang G, Gao P, Zhao Z, et al. 3,5-Diiodo-l-
thyronine ameliorates diabetic nephropathy in 
streptozotocin-induced diabetic rats. Biochim Biophys 
Acta. 2013;1832(5):674-684. doi:10.1016/
j.bbadis.2013.01.023




23.  Jonas W, Lietzow J, Wohlgemuth F, et al. 3,5-
diiodo-L-thyronine (3,5-T2) exerts thyromimetic effects 
on hypothalamus-pituitary-thyroid axis, body 
composition, and energy metabolism in male diet-
induced obese mice. Endocrinology. 2015;156:389–
399. 




24.  Hernandez A. 3,5-diiodo-L-thyronine (t2) in dietary 
supplements: what are the physiological effects?. 
Endocrinology. 2015;156(1):5-7. doi:10.1210/
en.2014-1933




25.  Drutel, A.; Archambeaud, F.; Caron, P. Selenium 
and the thyroid gland: More good news for clinicians.




26.  Corvilain B, Collyn L, van Sande J, Dumont JE. 
Stimulation by iodide of H(2)O(2) generation in thyroid 
slices from several species. Am J Physiol Endocrinol 
Metab. 2000 Apr;278(4):E692-9. doi: 10.1152/
ajpendo.2000.278.4.E692. PMID: 10751204.




27.  Gereben B, Zavacki AM, Ribich S, et al. Cellular and 
molecular basis of deiodinase-regulated thyroid 
hormone signaling. Endocr Rev. 2008;29(7):898-938. 
doi:10.1210/er.2008-0019




28.  Bianco AC, da Conceição RR. The Deiodinase Trio 
and Thyroid Hormone Signaling. Methods Mol Biol. 
2018;1801:67-83. doi:10.1007/978-1-4939-7902-8_8




29.  Hofstee P, James-McAlpine J, McKeating DR, 
Vanderlelie JJ, Cuffe JSM, Perkins AV. Low serum 
selenium in pregnancy is associated with reduced T3 
and increased risk of GDM. J Endocrinol. 
2021;248(1):45-57. doi:10.1530/JOE-20-0319



30.  Gupta P, Kar A. Cadmium induced thyroid 
dysfunction in chicken: hepatic type I iodothyronine 5'-
monodeiodinase activity and role of lipid peroxidation. 
Comp Biochem Physiol C Pharmacol Toxicol 
Endocrinol. 1999;123(1):39-44. doi:10.1016/
s0742-8413(99)00007-9




31.  Severo JS, Morais JBS, de Freitas TEC, et al. The 
Role of Zinc in Thyroid Hormones Metabolism. Int J 
Vitam Nutr Res. 2019;89(1-2):80-88. 
doi:10.1024/0300-9831/a000262




32.  Krishnamurthy HK, Reddy S, Jayaraman V, et al. 
Effect of Micronutrients on Thyroid Parameters. J 
Thyroid Res. 2021;2021:1865483. Published 2021 Sep 
28. doi:10.1155/2021/1865483




33.  Sun J. D-Limonene: safety and clinical applications. 
Altern Med Rev. 2007;12(3):259-264.




34.  Calcium-D-glucarate. Altern Med Rev. 
2002;7(4):336-339.




35.  van der Spek AH, Fliers E, Boelen A. The classic 
pathways of thyroid hormone metabolism. Mol Cell 
Endocrinol. 2017;458:29-38. doi:10.1016/
j.mce.2017.01.025




36.  Visser TJ, Kaptein E, Gijzel AL, de Herder WW, 
Ebner T, Burchell B. Glucuronidation of thyroid 
hormone by human bilirubin and phenol UDP-
glucuronyltransferase isoenzymes. FEBS Lett. 
1993;324(3):358-360. 
doi:10.1016/0014-5793(93)80151-j



37.  Syed U, Ganapasam S. Beneficial influence of 
ellagic acid on biochemical indexes associated with 
experimentally induced colon carcinogenesis. J Cancer 
Res Ther. 2017;13(1):62-68. 
doi:10.4103/0973-1482.172715



38.  Xia B, Shi XC, Xie BC, et al. Urolithin A exerts 
antiobesity effects through enhancing adipose tissue 
thermogenesis in mice. PLoS Biol. 
2020;18(3):e3000688. Published 2020 Mar 27. 
doi:10.1371/journal.pbio.3000688



39.  Sanaa M. Abd El-Twab, Manal Abdul-Hamid. 
Curcumin mitigates lithium-induced thyroid 
dysfunction by modulating antioxidant status, 
apoptosis and inflammatory cytokines. The Journal of 
Basic & Applied Zoology. Volume 76, 2016. Pages 7-19. 
ISSN 2090-9896. https://doi.org/10.1016/
j.jobaz.2016.10.001.



References
40.  Liu M, Yun P, Hu Y, Yang J, Khadka RB, Peng X. 
Effects of Grape Seed Proanthocyanidin Extract on 
Obesity. Obes Facts. 2020;13(2):279-291. 
doi:10.1159/000502235



41.  Cornelli U, Belcaro G, Ledda A, Feragalli B. Activity 
of some physiological modulators in reducing the side 
effects of levothyroxine in patients suffering from 
primary hypothyroidism. Panminerva Med. 2011;53(3 
Suppl 1):99-103.


