Other Thyroid Hormones

Reverse T3 and T2
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Abstract not available. Comment: Most endocrinologists believe that reverse T3 (3,3’,5-triodothyronine) is just and inactive metabolite with no physiologic effect. This is an erroneous belief, however. This and other studies demonstrate that reverse T3 (rT3) is a more potent inhibitor of T4 to T3 conversion than PTU (propylthiouracil), which is a medication used to decrease thyroid function in hyperthyroidism. In fact, rT3 is 100 times more potent than PTU at reducing T4 to T3 conversion. Clearly demonstrating that rT3 not just an inactive metabolite, but rather an potent inhibitor of tissue thyroid levels. The authors conclude, “Reverse t3 appeared to inhibit the conversion of t4 to T3 with a potency which is about 100 times more than PTU…”
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PURPOSE OF REVIEW: The article is principally intended to describe the recent evolutions in the field of research concerned with the metabolic actions of thyroid hormones and those of some of their metabolites or derivatives. Mitochondria, as a result of their functions, represent the principal objective of scientists investigating the mechanisms underlying the effects of thyroid hormones or their metabolites/derivatives. RECENT FINDINGS: Indeed, some important recent findings concern these organelles, and in particular mitochondrial uncoupling and its modulation by effectors. Traditionally, thyroxine (T4) and tri-iodo-L-thyronine (T3) were the only thyroid hormones considered to have metabolic effects, and they alone were considered for potential as agents that might counteract some important abnormalities such as dyslipidaemias and obesity. Several observations, however, led to a reconsideration of this idea. In recent years, studies dealing with the biological activities of some natural metabolites or structural analogues of thyroid hormones have revealed abilities to ameliorate some major worldwide medical problems, such as artherosclerosis, obesity and cardiovascular diseases. Among natural metabolites, 3,5-diiodothyronine (T2) has been shown to powerfully reduce adiposity and dyslipidaemia and to reverse hepatic steatosis without unfavourable side-effects usually observed when T3 or T4 is used. Examples of synthetic analogues are GC-1 (or sobetirome) and KB2115 (or eprotirome) which show ipolipidaemic and antiaterogenic capacities. Clinical trials are in progress for these last agents. SUMMARY: In view of the above-mentioned actions, some of these compounds are now undergoing clinical trials and may have important implications for clinical practice or researches in the field of both endocrinology and metabolic-related abnormalities such as diabetes and dyslipidaemias. PMID: 20625286
Okamoto R, Leibfritz D. Adverse effects of reverse triiodothyronine on cellular metabolism as assessed by 1H and 31P NMR spectroscopy. Res Exp Med (Berl). 1997;197(4):211-7.

Effects of 3,3',5'-triiodothyronine (rT3) in connection with 3,3',5-triiodothyronine (T3) on 3T3 cells were studied in vitro by means of 1H and 31P NMR spectroscopy. In the cells incubated with 5 nM T3 for 3 h at pH 7.4, the ATP/ADP ratio was elevated from 6.9 to 8.4, whereas it was reduced to 6.1 in cells incubated with rT3. When the cells were incubated at pH 6.7, the ATP/ADP ratio was reduced to 6.6 and 5.2 at 1 and 2 h, respectively. In the presence of 5 nM of T3, however, the ratio was maintained above the control level. A 1-h preincubation with rT3 dramatically augmented the reductions caused by elevated acidity. These reductions were completely reversed when the cells were incubated with T3. PMID: 9440139 From conclusion: However, our results may indicate that rT3 itself has adverse biological effects, at higher acidity in particular, although its mechanism of action remains to be clarified.
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Thyroid dysfunction has been shown to be associated with insulin resistance (IR). This may involve peripheral thyroid hormone metabolism, which is assumed to be reflected by the ratio triiodothyronine/reverse triiodothyronine (T3/rT3-ratio). To explore a potential association between the T3/rT3-ratio and IR we investigated pairs which differed in IR, but were matched by sex, age, body mass index (BMI), and thyroid stimulating hormone (TSH). For this purpose, matched pair analyses were embedded into a cross sectional study group. 22 pairs were matched from either the first or the third tertile of HOMA%S of a cohort of 353 euthyroid subjects with normal glucose metabolism who did not take any medication. The T3/rT3-ratio was compared in the matched pairs. The T3/rT3-ratio was significantly increased in the insulin resistant subjects compared to their insulin sensitive partners (8.78±0.47 vs. 7.33±0.33, p=0.019). Furthermore the T3/rT3-ratio was lower in men compared to women (p for the within-subject effect=0.046) both in the insulin sensitive and the insulin resistant subjects. Here we show that the T3/rT3-ratio, which is supposed to reflect the tissue thyroid hormone metabolism, is significantly increased in insulin resistant subjects. This further supports a link between thyroid function and IR. PMID: 21104580
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CONTEXT: Physiological changes in thyroid hormone concentrations might be related to changes in the overall physical function in the elderly. OBJECTIVE: We determined to what extent thyroid hormone concentrations are related to physical function and mortality in elderly men. DESIGN: A longitudinal population study (the Zoetermeer study) was conducted. Mortality was registered in the subsequent 4 yr. PARTICIPANTS: Four hundred three independently and ambulatory living men (aged 73-94 yr) participated. MAIN OUTCOME MEASURES: The study examined the association between serum thyroid hormones and parameters of physical function as well as the association with mortality. METHODS: TSH, free T4 (FT4) total T4, T3, rT3, and T4-binding globulin were measured. Physical function was estimated by the number of problems in activities of daily living, a measure of physical performance score (PPS), leg extensor strength and grip strength, bone density, and body composition. RESULTS: Serum rT3 increased significantly with age and the presence of disease. Sixty-three men met the biochemical criteria for the low T3 syndrome (decreased serum T3 and increased serum rT3). This was associated with a lower PPS, independent of disease. Furthermore, higher serum FT4 (within the normal range of healthy adults) and rT3 (above the normal range of healthy adults) were related with a lower grip strength and PPS, independent of age and disease. Isolated low T3 was associated with a better PPS and a higher lean body mass. Low FT4 was related to a decreased risk of 4-yr mortality. CONCLUSIONS: In a population of independently living elderly men, higher FT4 and rT3 concentrations are associated with a lower physical function. High serum rT3 may result from a decreased peripheral metabolism of thyroid hormones due to the aging process itself and/or disease and may reflect a catabolic state. Low serum FT4 is associated with a better 4-yr survival; this may reflect an adaptive mechanism to prevent excessive catabolism.

