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3-iodothyronamine (T1AM) and 3-iodothyroacetic acid (TA1) are thyroid-hormone-related compounds endowed

with pharmacological activity through mechanisms that remain elusive. Some evidence suggests that they may

have redox features.
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1. Introduction

Both 3-iodothyronamine (T1AM) and its oxidative metabolite, 3-iodothyroacetic acid (TA1) are endogenous

compounds circulating in mammals . Due to the fact that their structure is somehow related to thyroid hormones

(THs; i.e., T3 and T4), it was hypothesized they represented end metabolites of THs and possible players of the

non-genomic effects of T3. However, their biosynthetic pathway and physio-pathological role remain elusive.

Despite this, T1AM and TA1 show pharmacological features in rodents, which suggests the merit to be exploited for

their potential clinical effectiveness.

T1AM is considered a multi-target compound  and, even more than TA1, its mechanism of action remains mostly

elusive and undefined . Overall, the effects of T1AM and TA1, such as their rapid onset, high potency, non-linear

dose–effect relationship and signaling, indicate that their mechanisms may include additional or alternative

pathways to the recognition of a target. In this respect, some clues suggested that T1AM and TA1 modify the redox

status of the system studied.

In fact, at some settings, T1AM’s effects are mediated, at least in part, by the formation of TA1, a product of T1AM

oxidative deamination by the mitochondrial monoamine oxidase type B (MAO-B) and/or membrane-bound

semicarbazide-sensitive amine oxidases (SSAO). These enzymes produce reactive oxygen species (ROS), which

have been found to be casually involved in the pathogenesis of different diseases . Further, T1AM, but also

TA1, protect against excitotoxicity and ischemia-reperfusion injury and ROS-generating conditions, in both in vivo

and ex vivo settings . Moreover, Ghanian et al.  first reported that T1AM dose-dependently increased

the redox ratio of the renal but not cardiac mitochondria of mice. Furthermore, Sacripanti et al.  and Assadi-

Porter et al.  reported that T1AM modulated sirtuin (SIRTs) levels, including sirtuin-1 (SIRT1), a mitochondrial

NAD+-dependent deacethylase playing a crucial role in controlling genome stability and considered a target and/or

sensor of cell ROS levels . Consistently with this latter, the activation of SIRT1 is a fingerprint signaling of known

antioxidants . Lastly, in their recent work,  researchers reported that brown adipocytes (BAs) differentiated
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in the presence of 20 nM T1AM resulted in a cell population (M + T1AM cells) showing a pro-oxidant metabolism

compared to cells not exposed to T1AM (M cells).

Drugs acting on the redox status may act as pro- or anti-oxidants or ROS scavengers. These molecules achieve

their effects by means of their chemical structure, acting as reducing agents, detoxifying ROS, or “indirectly”

preventing ROS formation. This latter class includes compounds controlling the expression/activity of ROS-

generating or ROS-detoxifying proteins . In this respect, less is known about the antioxidant/pro-oxidant

capacity of T1AM and TA1 and whether they can exert control on the expression/activity of the MAO and SSAO,

enzymes included in the pharmacokinetics of T1AM and on the antioxidant deacetylase SIRT1.

2. T1AM and TA1 Showed Ferric-Reducing Capacity and
Superoxide and Hydroxyl Radical Scavenging Activities

The ferric reducing activity power (FRAP) of T1AM and TA1. As positive controls, resveratrol (RESV) and α-

tocopherol (α-TOC) were used.

As shown in Figure 1, panel a, the FRAP activity of TA1 and T1AM was evident at concentrations as low as 0.1 μM

and it was higher, at 2000 nM (Figure 2, panel b), than that measured for RESV and α-TOC (°°° p < 0.001 vs.

RESV, *** p < 0.001 vs. α-TOC).

Figure 1. (a) Curves produced during the FRAP assay with T1AM, TA1 (10, 50, 100, 200, 500, 1000, 2000 nM),

RESV, α-TOC (10, 50, 100, 1000, 2000 nM). (b) Bar graph showing FeSO  equivalent (µM) for T1AM, TA1, RESV,

and α-TOC at 2000 nM. All experiments were performed in triplicate. Data are expressed as mean ± SEM; °°° p <

0.001 vs. RESV, *** p < 0.001 vs. α-TOC.
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Figure 2. Determination of (a) O2-• and (b) •OH scavenging activities of T1AM, TA1, and p-Coum (3, 10, 30, and

100 μM and 0.1, 1, 10, and 100 μM, respectively). All experiments were performed in triplicate. Data are expressed

as mean ± SEM.

T1AM and TA1 also showed free radical scavenging features with some interesting peculiarities. In fact, TA1

showed both superoxide and hydroxyl radical scavenging activities (pEC50 ± SEM of −4.72 ± 0.78 and −6.49 ±

0.10 respectively; Figure 2a,b) with the potency towards the hydroxyl radicals being significantly higher (*** p <

0.001) than that measured for the p-coumaric acid (p-Coum) (pEC50 ± SEM −5.71 ± 0.05; Figure 2b).

Instead, their results clearly showed that T1AM had only the capacity to scavenge superoxide radicals (pEC50 ±

SEM of −4.12 ± 0.54; Figure 2a) with a potency similar to that of p-Coum (pEC50 −4.80 ± 0.63; Figure 2a).

The FRAP activity of T1AM and of TA1 and their ROS scavenging features indicated that both compounds, at high

pro-oxidant conditions, behave as antioxidants.

3. T1AM and TA1 Modify the Expression and Activity Levels
of Pro- and Antioxidant Cell Proteins

Researchers then investigated the expression and activity levels of pro- and antioxidant proteins, including UCP-1,

MAO (A and B), SSAO, and SIRT1 in M, M + T1AM, and M + TA1 cells.

3.1. Evaluation of UCP-1 Protein and Amine Oxidases mRNA Levels in M + T1AM
and M + TA1 Cells

Researchers previously demonstrated that UCP-1 protein levels were similar in M + T1AM and M cells . Instead,

in this study, as reported in Figure 3 (panels a and b), the M + TA1 cells showed significantly lower UCP-1 protein

expression (Figure 3, panel a, b; ** p < 0.01) than the M cells.
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Figure 3. The levels of UCP-1 in M and M + TA1 cells. (a) Representative experiment loaded with proteins

obtained for two different cell preparations. (b) Densitometric analysis is reported as the mean± standard error of

the mean (SEM: n = 5 and 6 cell preparations from M and M + TA1, respectively) of arbitrary units (AU) ** p < 0.01

vs. M cells.

3.2. Evaluation of mRNA Levels for MAO (A and B) and SSAO in M + T1AM and M +
TA1 Cells

The results showed that the M + T1AM cells showed lower mRNA levels for SSAO than the M cells, while both cell

populations showed similar mRNA levels for MAO-A and MAO-B (Figure 3, panel a, b, ** p < 0.01). Instead, the M

+ TA1 cells presented significantly lower mRNA levels for SSAO, MAO-A, and MAO-B compared to the M cells

(Figure 4, panel a, b, c; ** p < 0.01; *** p < 0.001).
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Figure 4. Differentiation marker levels in M, M + TA1, and M + T1AM cells. M, M + TA1, and M + T1AM cells. The

expression levels of mRNA for (a) SSAO, (b) MAO-A, and (c) MAO-B were evaluated by RT-PCR. The mRNA

expression of (a) SSAO, (b) MAO-A, and (c) MAO-B were reported as the mean± standard error of the mean

(SEM) from four different cell preparations each run in triplicate: ** p < 0.01, and *** p < 0.001 vs. M cells.

3.3. MAO-B Activity

As shown above, the M + T1AM and M cells expressed mRNA levels for MAO-B at similar levels. However, it is

known that the mRNA levels for MAO-B may be not in line with MAO-B enzyme activity . Since MAO-B is the

enzyme involved in T1AM degradation producing hydrogen peroxide and then TA1, researchers decided to

evaluate MAO-B enzyme activity by using [ ]C-benzylamine as substrate at conditions allowing the detection of

SSAO or MAO-B respectively. As reported in Figure 5, in M + T1AM cells, SSAO activity (panel a) showed a

tendency (not significant) to be lower than in M cells. Conversely, in the same cells, MAO-B activity was found to

be significantly higher than in the M cells (panel b, * p < 0.05).

Figure 5. SSAO and MAO-B activities in M and M + T1AM cells. (a) SSAO and (b) MAO-B activities were

measured radiochemically. The results are expressed as the means ± SEM of experiments (n = four different cell

preparations, each run in triplicate). * p < 0.05 vs. M cells.

3.4. SIRT1 Expression and Activity in M + T1AM and M + TA1 Cells

SIRT1 is a NAD+-dependent de-acetylase involved in several cellular processes and functions, a cell redox sensor

and among the positive controllers of MAO-A-promoter activity . Therefore, researchers investigated the

expression/activity of SIRT1-1 in the cell populations.

The results indicated that the M + T1AM and M + TA1 cells expressed SIRT1 protein levels lower and higher,

respectively, than the M cells (Figure 6, Panels a, c; *** p < 0.001; Figure 6, Panels b, d; *** p < 0.001).
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Figure 6. SIRT1 expression levels in M, M + TA1, and M + T1AM cells. M, M + TA1, and M + T1AM cells, were

analyzed for the expression levels of SIRT1 by Western blot analysis. (a,b) Representative experiments are

shown. Each gel was loaded with proteins obtained from two different cell preparations. (c,d) Densitometric

analysis is reported as the mean± standard error of the mean (SEM: n = four cell preparations) of arbitrary units

(AU. *** p < 0.001 vs. M cells.

The SIRT1 activity was then followed by measuring the expression levels of two of its substrates: H3K9ac and

Acetyl-p53. According to the results, the M + T1AM and M + TA1 cells showed higher and lower H3K9ac and

Acetyl-p53 protein levels, respectively, than the M cells (Figure 7, panels a, c; ** p < 0.01) (Figure 7, panels e, g;

*** p < 0.001) (Figure 7, panels b, d and panels f, h; *** p < 0.001 and ** p < 0.01, respectively).

Figure 7. H3K9ac and Acetyl-p53 levels in M, M + TA1, and M + T1AM cells. M, M + TA1, and M + T1AM cells,

were analyzed for their levels of H3K9ac and Acetyl-p53 by Western blot analysis. In Panels (a,b,e,f)

representative experiments are shown. Each gel was loaded with proteins obtained for two different cell
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preparations. (c,d,g,h) Densitometric analysis is reported as the mean ± standard error of the mean (SEM: n = 4

cell preparations) of arbitrary units (AU. ** p < 0.01, *** p < 0.001 vs. M cells).

3.5. Lipid Peroxidation in M + T1AM and M + TA1 Cells

Since the M + T1AM cells acquired a pro-oxidant metabolism, including a reduction in SIRT1, researchers decided

to verify whether the cells showed signs of ROS-dependent lipid damage, including lipoperoxidation. Consistently

with the reduction in SIRT1 levels and activity, M + T1AM cells showed significantly higher TBARS levels than the

M cells (Figure 8; * p < 0.05). Notably, the TBARS levels were similar in the M and M + TA1 cells.

Figure 8. TBARS levels in M, M + TA1, and M + T1AM cells. M, M + TA1, and M + T1AM cells were analyzed for

TBARS levels. The results are expressed as the mean± standard error of the mean (SEM) from four different cell

preparations, each run in triplicate. * p < 0.05 vs. M cells.
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