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PEA,, Non-competitive inhibitor of T3 binding to TRfij 

2.1.. Abstract 

Itt has been hypothesized that amiodarone (AM), a potent antiarrhythmic and 

antianginall drug, induces a local hypothyroid-like condition in extrathyroidal 

tissues.. This might be related to competitive antagonism of AM for the thyroid 

hormonee receptor (TR) reported in some studies but denied in others. These 

conflictingg results are presumably due to the poor solubility of AM in a 

hydrophilicc environment. We, therefore, studied the effect of the drug and its 

majorr metabolite, desethylamiodarone (DEA), on the in vitro binding of thyroid 

hormonee (T3) to its receptor protein using the rat T R ^ expressed in 

EscherichiaEscherichia coli. AM and DEA stayed in solution up to 10"4 M when 0.05% 

Tritonn X-100 was added to the incubation buffer, as evidenced by a recovery 

off 80-90% for both chemicals, as measured by HPLC. 

DEA,, but not AM, had a clear inhibitory effect on the binding of T3 to its 

receptorr (IC50, 1-3 x 10"5M). Scatchard analysis in the presence of DEA 

demonstratedd a dose-dependent decrease in the Ka as well as the maximum 

bindingg capacity. Lineweaver-Burke analysis indicated noncompetitive 

inhibition.. Plots of the intercepts of Lineweaver-Burke plots vs. DEA 

concentrationn were linear (y = 0.334 + 0.098x), giving a K, of 30 /vM for the 

bindingg of DEA to the occupied receptor. Plots of the slopes vs. inhibitor 

concentrationn were parabolic (y = 3.01 + 0.06x + 0.16*2), indicating a 

progressivelyy stronger effect of DEA on the unoccupied receptor as 

concentrationss rise. This preference for the unoccupied receptor is reflected in 

experimentss that show a progressive loss of T3 binding when the receptor was 

incubatedd for increasing periods with DEA before adding T3. 

Wee conclude that DEA is a noncompetitive inhibitor of the binding of T3 to the 

TR#tt protein, interacting preferably with the unoccupied TR. (Endocrinology 

134:: 1665-1670, 1994) 
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2.2.. Introduction 

Amiodaronee (AM), an iodinated benzofuran derivative, is a potent antiarrythmic 

andd antianginal drug. The pharmacological actions of AM include bradycardia, 

depressionn of myocardial oxygen consumption, and lengthening of the cardiac 

actionn potential, which can be prevented by concomitant administration of a 

physiologicall dose of T4 (1). Furthermore, it reduces cardiac fi-adrenergic 

receptorr density (2), alters the distribution of cardiac myosin isoenzymes (3), 

andd increases plasma cholesterol (4, 5) in a way similar to that observed in 

hypothyroidd animals. It has, therefore, been hypothesized that one of the 

mechanismss of action of AM could be the induction of a local hypothyroid-like 

conditionn in extrathyroidal tissues (6, 7). The well known inhibition of T4 5'-

detodinationn by AM (8, 9) is unlikely to be the sole mediator of this effect, 

becausee other agents that are equally potent inhibitors of the peripheral 

conversionn of T4 to T3 do not have antiarrythmic activity in man (10). 

AMM could also induce a local hypothyroid-like state by interfering with the 

activationn of thyroid hormone-responsive gene expression via the TR. Indeed, 

severall groups have shown that AM inhibits the binding of T3 to its nuclear 

receptorr (11-13) and decreases thyroid hormone-dependent gene expression 

(13-16).. This has led to the proposal that AM acts as a competitive antagonist 

forr the TR, but various in vivo and in vitro studies have shown conflicting 

resultss (11-16). Putative reasons for the observed discrepancies could be the 

solubilityy of AM or the different purities of receptor preparations. We, therefore, 

evaluatedd the effect of AM and its major metabolite desethylamiodarone (DEA) 

onn the in vitro binding of T3 to the purified TRfi-i protein, which was expressed 

inn Escherichia coli. We conclude that DEA, but not AM, is a noncompetitive 

inhibitorr of T3 binding to the T R ^ protein, interacting preferably with the 

unoccupiedd TR. 
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2.3.. Materials and Methods 

2.3.A.. Chemicals 

T33 was obtained from Henning GmbH (Berlin, Germany), and AM (2-butyl-3-(3, 

55 diiodo-4((i-diethylamino-ethoxy) benzoyl) benzofuran) and its major 

metabolitee DEA were a kind gift of Sanofi BV (Maassluis, The Netherlands). 

[125I]T33 (SA, 2200 Ci/mmol) was purchased from New England Nuclear 

(Boston,, MA). All other reagents were of the highest grade possible. 

2.3.B.. Receptor expression 

Thee rat T R ^ (amino acids 31-456) cDNA was cloned in the pEX vector, as 

previouslyy described (17). The receptor construct contains the hormone- and 

DNA-bindingg domain. After heat shock, cells were grown at C for a further 

1.55 h. Cells were then lysed using lysozyme and deoxycholate and fusion 

proteins,, purified as previously described (18), and stored in incubation buffer 

(200 mM Tris-HCI, 0.25 M sucrose, 1 mM EDTA, 50 mM NaCI, and 5% (vol/vol) 

glycerol,, pH 7.6) in liquid nitrogen. 

2.3.C.. AM solubility 

AMM and DEA were dissolved in ethanol to yield a stock solution of 10"2 M. 

Appropriatee dilutions of both compounds in ethanol were added to incubation 

bufferr containing ethanol (0-5%, vol/vol), Tween-80 (0.01-1%, vol/vol), or 

Tritonn X-100 (0.01-1%, vol/vol). After insoluble material was removed by 

centrifugationn at 10, 000 x g for 5 min, AM and DEA concentrations in the 

supematantss were determined by HPLC (19) by comparing the peak area of 

thee unknown sample with that of a known standard. 

2.3.D.. TR binding assay 

Beforee incubation, the fusion proteins were solubilised by sonification (10 sec; 

6^/m),, and the nonsoluble proteins were removed by centrifugation (10, 

0000 x g; 5 min). Twenty to 25 jug receptor protein were incubated with [125I]T3 

(10111 M) for 2 h at C in a shaking water bath in incubation buffer (20 mM 

Tris-HCI,, 0.25 M sucrose, 1 mM EDTA, 50 mM NaCI, and 5% (vol/vol) 

glycerol,, pH 7.6) containing 5 mM dithiothreitol, 0.05% Triton X-100, and 

0.05%% BSA. The total incubation volume was 0.5 ml. Reactions were stopped 
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byy chilling the samples in ice-cold water. Bound and unbound hormone were 

separatedd at C using a small Sephadex G-25 medium column (bed volume, 

22 ml; swollen in incubation buffer with 0.05% BSA) in a Pasteur pipette. Four 

0.8-mll fractions were collected from the column, using incubation buffer as 

eluent.. The radioactivity in these fractions was taken to represent the 

hormonall fraction bound to the TR proteins. Specific binding was determined 

byy calculating the difference between the counts bound in the absence and 

presencee of an excess (10"7 M) of nonradioactive T3. All incubations were 

performedd in duplicate. 

Inhibitionn of [125I]T3 binding by either AM or DEA was studied by adding up to 

10"44 M of these chemicals to the incubation mixture. Scatchard analysis was 

performedd by incubating increasing amounts of nonradioactive T3 (1 x 10"10 to 

333 x 10"10M) with the receptor preparations. This was also done in the 

presencee of AM and DEA at different concentrations (1 x 10~5, 2.5 x 10"5, and 5 

xx 10"5 M). In all tubes the final ethanol concentration was 1% (vol/vol), 

includingg controls without addition of the chemicals. 

Thee time course of T3 binding to the TR/^ protein was studied by incubating 

[125I]T33 (0.5 x 10"9 M) with the receptor protein, as described above, and 

stoppingg the reaction at the times indicated. The reaction mixtures were then 

immediatelyy applied to a Sephadex G-25 medium column (2 ml) to separate 

boundd from unbound hormone. Competitors (107 M nonradioactive T3, 

5x10"5MM DEA, or both) were added either at equilibrium (after 120-min 

incubation)) or before equilibrium had been reached (after 15-min incubation). 

Anotherr approach was the addition of 5 x 10~5 M DEA 5, 10, or 30 min before 

addingg [125I]T3 (0.5 x 10"9 M) to study a possible time-dependent effect of DEA 

onn TR binding. 
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2.4.. Results 

2.4.A.. Solubility of A and DEA 

AMM and DEA are strong lipophilic substances. They are, therefore, easily 
dissolvedd in ethanol, but come out of solution in a hydrophylic environment. 
Thiss was evident upon the addition of AM dissolved in ethanol to the 
incubationn buffer (final ethanol concentration, 1%). We tried to overcome this 
byy adding ethanol, Tween-80, or Triton X-100 to the incubation buffer and 
lookedd for the lowest concentration of these compounds that, on visual 
inspection,, showed no precipitation of AM and DEA (Table 1). We found that 
att a concentration of 0.05% Triton X-100, no precipitation of AM and DEA 
couldd be observed up to lO^M (Table 1). Recovery of AM and DEA added to 
thee incubation buffer with 0.05% Triton, as determined by HPLC analysis, was 
onn the order of 80-95%, but decreased remarkably at concentrations above 
10"44 M (Table 1). We refrained from the use of Tween-80, because the addition 
off 0.1% of this solution (vol/vol) strongly interfered with the binding of T3 to 
nuclearr TRs (Fig. 1), acting as a competitive antagonist (data not shown). 

2.4.B.. Binding of T3 to the TR/^ protein 

Wee next looked at the effect of 0.05% Triton X-100 on the binding of T3 to its 
receptorr protein. Triton significantly decreased the binding of [ l]T3. 
Scatchardd analysis revealed an approximately 2-fold lower Ka in the presence 
off Triton, but the maximal binding capacities (MBCs) remained similar 
(Tablee 2). Another problem was that the protein levels used (40-50 jug/ml) 
weree so low that non-specific effects were encountered. Addition of a 10-fold 
excesss of BSA (0.05%) was able to overcome this problem without interfering 
withh the binding parameters of the TRfi: protein (Table 2). Consequently, 
0.05%% Triton X-100 and 0.05% BSA were routinely added to the incubation 
mixturess in the following experiments. 

2.4.C.. DEA inhibits TR binding 

Thee rat TRJS1 was incubated with increasing concentrations (lO'MO"4 M) of AM 

andd DEA in the incubation buffer containing 5 mM dithiothreitol, 0.05% Triton 

X-100,, and 0, 05% BSA. AM did not inhibit T3 binding at the concentrations 

used,, whereas DEA gave rise to a dose-dependent inhibition of the binding of 

T33 to the TRJST; IC50 values ranged from 1-3 x 10"5 M (Fig. 2). 
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FIG.. 1. The effects of AM and solvents on the specific binding of [125I]T3 to isolated rat liver nuclei 
Ratt liver nuclei were incubated with [125l]T3and increasing concentrations of the different 
constituentss of the solvents (9.3% Tween-80 and 1.9% benzyl alcohol). Binding is expressed as a 
percentagee of that in control incubations without any addition, open circle: AM in solvents; 
openopen square: solvents alone (9.3% Tween-80 and 1.9% benzyl alcohol); open triangle: 9.3% 
Tween-800 alone; closed circle: 1.9% benzyl alcohol alone. The final concentration of AM and (the 
componentss of) its solvents in the incubation mixtures are indicated on the horizontal axis. 
Preparationn and incubation of rat liver nuclei were described previously (24). 

Tablee 1. Solubility of AM and DEA in incubation buffer containing ethanol, Tween-80, or Triton X-
100 0 

Ethanoll (vol/vol) Tween-80 (vol/vol) Tritonn X-100 (vol/vol) %% Recovery" 

0%% 0.5% 1 % 5% 0% 0 . 1 % 1 % 10% 0% 0 . 0 1 % 0.05% 0 . 1 % 1 % Ethanol 0.05% Triton 

AM M 

10~33 _ _ _ _ _ _ _ + _ _ + + 

10"44 — — —  _ _ + + _ _ + + 

10"55 — — —  _ _ + + _ _ + + 

DEA A 

10"33 _ _ _ _ _ _ _ + _ _ + + 

10"44 — — —  _ _ + + _ _ + + 

10"55 — —  — + — — + + 

0 0 

0 0 

0 0 

0 0 

0 0 

11-13 3 

11-26 6 

91-99 9 

78-93 3 

34-40 0 

90-95 5 

73-83 3 

Thee minus sign indicates macroscopically visible precipitation, plus/minus an opalescent solution 
andd plus a clear solution after the addition of A and DEA at different concentrations to the 
incubationn buffer. 

"" Recovery of A and DEA (measured by HPLC) was determined in two experiments and 
expressedd as a percentage of the added chemical. 
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FIG.. 2. Binding of T3 to the TRfi-, in the presence of increasing concentrations of AM and DEA. 
Thee TRBi was incubated with [125I]T3 (10 11 M) in the presence of increasing concentrations AM 
{open{open triangle) and DEA {closed triangle) at 22 C for 2 h. Binding is expressed as a percentage 
off the control value and is corrected for non-specific binding. Data are presented as the mean
SDD (n = 5). 

Tablee 2. Effect of the addition of 0.05% Triton X-100 and 0.05% BSA on the binding of T3 to the 
TR/3rprotein,, as evident from Scatchard analysis 

Boo (%) 
(1(ff litres/mol) 

MBC C 

(10',0M) ) 

Noo addition 

+0.05%% Triton 

+0.05%% Triton + 0.05% BSA 

688 6 

366 ° 

388 ° 

1.55 6 

0.77 ° 

1.22 6 

6.44  1.5 

10.22 1 

7.22  3.4 

Valuess are the mean  SD (n = 5). 

Bo,, Specifically bound [125I]T3, expressed as a percentage of the added radioactivity. 

 P < 0.05 compared to no addition (by sign test on differences between pairs). 
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2.4.D.. DEA is a noncompetitive inhibitor 

Wee next analysed the inhibition of T3 binding by DEA in more detail. Binding 

dataa obtained in the presence of increasing concentrations of DEA were 

analysedd in Scatchard plots. These concentrations were chosen because the 

effectss of these DEA concentrations in the competition curve were most 

pronounced.. As can be seen in Fig.3A, increasing concentrations of DEA 

loweredd the Ka, as well as the MBC, which is reminiscent of noncompetitive 

inhibition.. Figure 3 shows representative results of two independent 

experimentss performed in duplicate. To get a more definitive answer on the 

naturee of the competition, the data were analysed using Lineweaver-Burke 

plots.. As can be seen in Fig. 3B, curves were obtained with increasing slope 

andd intercept on the y-axis and with the intersection point of the different 

curvess on the x-axis, which is indicative of noncompetitive inhibition. We next 

plottedd the slope and the intercept on the y-axis vs. the inhibitor concentration. 

Thesee plots yield information on the inhibitor constants of the binding of DEA 

too the unoccupied (I + R<->IR; K,) and to the occupied TR (I + TR ^ ITR; K|) 

respectively.. As can be seen in Fig. 4, the plot of the slope vs. inhibitor is 

parabolicc (y = 3.01 + 0.06x + 0.16x2; r = 1.00), whereas that of the intercept vs. 

inhibitorr is linear (y = 0.334 + 0.098x; r = 0.97; P < 0.01), giving a Kj of 30 /v/W 

forr the binding of DEA to the occupied receptor. The parabolic curve indicates 

thatt as the DEA concentration rises, its effect on the unoccupied TR will 

becomee progressively stronger. The small slope of the curve of the intercept 

vs.vs. inhibitor indicates that DEA is not able to influence the occupied receptor to 

aa great extent. This is illustrated in Fig. 5, which shows the time course of 

[125I]T33 binding to its receptor. When DEA (5 x 10"5 M) was added at 

equilibriumm (120 min), only slight competition was seen (Fig. 5A). When this 

concentrationn of DEA was added before equilibrium was reached, maximal T3 

bindingg occurred at a lower level (Fig. 5B). Adding an excess of cold T3 

togetherr with DEA caused the same kinetics as adding excess T3 alone. 

Furthermore,, adding DEA (5 x 10"5 M) 5, 10, or 30 min before adding T3 

resultedd in a time-dependent loss of T3 binding (Fig. 5C). Together, these 

resultss indicate that DEA interacts preferably with the unoccupied receptor, 

renderingg it unable to bind T3. 
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-0.55 0.0 0.5 1.0 

1/T3M(x100 1 0) 

FIG.. 3. Scatchard and Lineweaver-Burke plots of T3 binding to the TR/3( in the presence of 
increasingg concentrations of DEA. The rat TR/3i was incubated with increasing concentrations of 
T33 in the presence of 0 M (open circle), 1.0 x 10"5 M (closed circle), 2.5 x 10"5 M (open triangle), 
andd 5.0 x 10"5 M (closed triangle) DEA. Binding data were corrected for non-specific binding. A, 
Scatchardd plots; the lines are described by the following functions: 0, y = 0.50 - 0.22x, r = 0.99; 1.0 
xx 10"5, y = 0.41-0.20x, r = 0.94; 2.5 x 10"5, y = 0.25-0.13x, r = 0.99; 5.0 x 10"5; y = 0.15-0.11x, r = 
0.92.. B, Lineweaver-Burke plots; the binding data obtained in AM were used to prepare double 
reciprocall plots. The lines are described by the following functions: 0, y = 0.34 + 3.05x, r = 1.00; 
1.00 x 10s, y = 0.45 + 3.25x, r= 1.00; 2.5 x 10"5, y = 0.54 + 4.09x, r= 1.00, 5.0 x 10"5, y = 0.84 + 
7.04x,, r = 1.00. 

22 3 

DEAA M (x105) 

FIG.. 4. Plots of the slope and intercept vs. inhibitor concentration. The slope (open square) square) and 
interceptt (open triangle) of the different lines of the Lineweaver-Burke plots of T3 binding to the 
TR/3ii protein were plotted against the inhibitor concentration. These plots yield information on the 
inhibitorr constants of the binding of DEA to the unoccupied (l+R<->IR; Ki) and occupied TR (l+ TR 
<->ITR;; Kj), respectively. 
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FIG.. 5. Time course of [125I]T3 binding to the TR/3i with prior or delayed DEA addition. The rat 
TR/3ii was incubated with [1 5I]T3 (0.5 x 10"9 M) at room temperature. At different time points the 
reactionss were stopped, and T3 binding was determined, as described in Materials and Methods. 
Non-specificc binding was subtracted in all cases, open circle: The time course of T3 binding 
withoutt any competitor. Cold T3 (107 M; closed circle), DEA (5 x 10"5 M; closed triangle), or cold 
T33 with DEA (10" and 5 x 10"5 M, respectively; open triangle) were added at equilibrium (A) or 
beforee equilibrium was reached (B). C, The effect of adding 5 x 10~5 M DEA 5 min (closed circle), 
100 min (open triangle), or 30 min (closed triangle) before the addition of [125I]T3 to the incubation 
mixturee (time zero). 
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2.5.. Discussion 

Thee data on the effect of AM on the binding of T3 to its receptor protein have 

beenn conflicting. One explanation for this could be the solubility of AM in the 

bufferr systems used. Latham et al. (11) describe that they cannot see signs of 

precipitationn when they add AM to their buffer containing 1% ethanol. We, on 

thee other hand, found no soluble AM or DEA in the presence of 1 % ethanol, as 

measuredd by HPLC. Moreover, we could not observe a clear inhibitory effect 

off A or DEA in the presence of 1 % ethanol and receptor protein. 

Wilsonn (12) dissolved AM in 50% propanol-water and found that AM 

precipitatedd upon dilution. Consequently, the experiments were carried out in a 

two-phasee environment. In this system, coprecipitation of AM and T3 is 

observed.. Although we show no experiments directly assessing a possible 

interactionn between DEA and T3 in our buffer system, we think this is highly 

unlikely,, as competition with T3 alone and that with T3 (10~7 M) and DEA (5 x 

10ss M) together show the same kinetics, whereas were DEA to interact 

directlyy with T3 and thereby render it unable to bind to the TR, adding DEA and 

T33 together should result in a slower dissociation kinetics. Furthermore, adding 

DEAA at different times before T3 shows a time-dependent effect on the 

maximall T3 binding, which would not be expected if there were a direct 

interactionn between DEA and T3. Wilson (12) also describes the formation of 

twoo components from AM, the appearance of one of which, y, correlated with 

thee inhibitory effect of AM. We have not been able to detect a y-like compound 

inn our HPLC assays of AM or DEA. Despite the precipitation of AM, Wilson 

alsoo observed a lowering of both the Ka and MBC upon addition of the drug to 

thee binding reaction. Two additional papers (9, 20) that describe experiments 

lookingg at the effect of AM on T3 binding to its receptor in vitro do not mention 

anyy solubility problems. The lack of an AM effect on TR binding in the study of 

Sogoll et al. (9) may be due to the fact that they dilute AM from an ethanol 

stockk into incubation buffer. As mentioned above, we were not able to find 

solublee AM when it was diluted in this way. Norman and Lavin (13), who 

studiedd the effect of AM on T3 binding in GC cells and on solubilised TRs from 

differentt tissues, used incubations in buffers containing Tween-80 and benzyl 

alcohol,, in which the compound remained soluble. We have shown here, 

however,, that Tween itself appears to be a competitor of T3 binding when the 
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properr control incubations are carried out. The reported action of AM as a 

competitivee antagonist of TR binding by Norman and Lavin (13) is, thus, due to 

Tween-80,, not to AM itself. 

Ourr studies demonstrate that DEA behaves as a parabolic noncompetitive 

inhibitorr and interacts preferably with the unoccupied receptor. The 

noncompetitivee nature implies that DEA and T3 are able to bind to the receptor 

att the same time on different binding sites. Our data agree with those obtained 

byy Latham et al. (11) in rat liver nuclei insofar as we find a stronger 

competitionn by DEA then AM for the TR/?!, which is the predominant receptor 

inn liver. However, to calculate the Kd for DEA binding, they used a formula that 

cann be derived only when linear competitive inhibition is observed (i.e. Kj = K,). 

Thee parabolic curve implies that increasing the concentration of the inhibitor 

willl give a more than linear effect and, consequently, a change in the binding 

constant,, K|. This combined with the fact that the unoccupied receptor is the 

mainn target for DEA could be part of the explanation for the late onset of AM's 

sidee effects, such as the development of hypercholesterolemia (5). AM and its 

metabolitee DEA accumulate in tissues during treatment with the drug, and it is 

conceivablee that an effect is only seen when their concentrations exceed a 

certainn threshold. Furthermore, the intracellular level of T3 is lowered during 

AMM treatment, which may lead to lower receptor occupancy. Thus, only after a 

certainn time span, as DEA concentrations increase (and concomitantly K|) and 

moree unoccupied receptors become available, will the effect of DEA become 

apparent.. The addition of T3 would increase the number of occupied receptors 

andd thereby decrease the effect of the drug. This has indeed been shown by 

severall researchers who demonstrated that changes induced by AM could be 

reversedd by T3 treatment (13, 16). The data presented in Fig. 5 also support 

this,, in that adding an excess of T3 together with DEA shows the same 

dissociationn kinetics as adding just the excess T3. This can be explained by 

thee greater affinity of T3 for the receptor than DEA, resulting in higher receptor 

occupancyy and a decrease in the effect of DEA. In the case of mild 

hypothyroidism,, either in vivo (15) or in vitro (13), the effect of AM is most 

clearlyy seen. This, in a way, is reflected by our experiments in which we added 

DEAA before equilibrium was reached or before T3 was added. In these cases, 

thee effect of DEA was more pronounced due to the lower receptor saturation 

withh T3. It, therefore, appears that AM has its greatest effect when a mildly 
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hypothyroidd condition is present. AM has a specific effect on thyroid hormone-

dependentt gene expression (13-16), which could arise from interference with 

thee binding of T3 to the TR via its major metabolite DEA (as shown in this 

paper).. The TR is a member of the family of nuclear hormone receptors and 

cann be divided into three major domains, the N-terminal transactivation region, 

thee DNA-binding domain, and the C-terminal ligand-binding domain, which 

containss the dimerisation and ligand-inducible transactivation regions (21). As 

DEAA competes with T3 for binding to the receptor, it could well interfere with 

eitherr dimerisation or transactivation and in that way inhibit thyroid hormone-

dependentt effects. Hormone binding to the TR is necessary for receptor 

activation.. The activated receptor, in turn, influences gene expression. If DEA 

interferess with the binding of T3 to its receptor protein, the receptor will not 

becomee activated and cannot influence gene expression. This means that T3 

shouldd be present for an effect of DEA on thyroid hormone-dependent gene 

expressionn to become apparent. Evidence for this is provided by studies in GC 

cells,, where adding AM without T3 had no effect on rat GH expression, and 

studiess in thyroidectomised rats that had no detectable plasma T3, in which no 

effectt of AM on left ventricular weight or myosin heavy chain distribution was 

observedd (13,16). 

Fromm our data and those of others, it is clear that DEA may act as an 

antagonistt of the TR. The intracellular concentrations reached in vivo are high 

enoughh (50-500 jyM/cell) (22, 23) for the drug to be able to interfere with T3 

action.. The precise manner in which DEA interacts with the receptor and 

consequentlyy interferes with gene activation remains to be investigated. 
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