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Dronn is a TRd selective antagonist 

8.1.. Abstrac t 

Dronedaronee (Dron), without iodine, was developed as an alternative to the 

iodine-containingg antiarrhythmic drug amiodarone (AM). AM acts, via its major 

metabolitee desethylamiodarone (DEA), in vitro and in vivo as a thyroid 

hormonee receptor o^ (TRa^) and TR/^ antagonist. Here we investigate 

whetherr Dron and/or its metabolite debutyldronedarone inhibit T3 binding to 

TRoii and TRfi-i in vitro and whether dronedarone behaves similarly to 

amiodaroneamiodarone in vivo. 

InIn vitro, Dron had an inhibitory effect of 14% on the binding of T3 to TRo^ but 

nott on TRfiv Desethylamiodarone inhibited T3 binding to TR^ and TR/^ 

equally.. Debutyldronedarone inhibited T3 binding to TRcr, by 77%, but to TR/i^ 

onlyy by 25%. 

InIn vivo, AM increased plasma TSH and rT3, and decreased T3. Dron 

decreasedd T4 and T3, rT3 did not change, and TSH fell slightly. Plasma total 

cholesteroll was increased by AM but remained unchanged in Dron-treated 

animals.. TRCrdependent liver low density lipoprotein receptor protein and 

typee 1 deiodinase activities decreased in AM-treated, but not in Dron-treated 

animals.. TRc^-mediated lengthening of the QTc interval was present in both 

thee AM- and Dron-treated animals. 

Thee in vitro and in vivo findings suggest that dronedarone via its metabolite 

debutyldronedaronee acts as a TRcr-p selective inhibitor. 
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8.2.. Introductio n 

Dronedaronee [n-(2-butyl-3-(4-(3-dibutylaminopropoxy)-benzoyl)-benzofuran-5-

yl)-methanesulfonamide;; SR 33589 B; Dron; Fig. 1] is a new antiarrhythmic 

drugg devoid of iodine, developed to replace the widely used, very potent, 

antiarrhythmicc drug amiodarone (AM; Fig. 1), which releases pharmacological 

quantitiess of iodine during its biotransformation. Consequently, treatment with 

AMM gives rise to iodine-induced hypothyroidism or thyrotoxicosis in 

approximatelyy 15 % of patients (1). Apart from the effect of iodine excess on 

thee thyroid gland induced by AM, it profoundly affects extrathyroidal 

metabolismm of thyroid hormones. AM decreases the 5'-deiodination of T4 into 

T33 in the liver, mediated by inhibition of cellular T4 uptake. The main metabolite 

off AM, desethylamiodarone (DEA; Fig. 1) was found to inhibit the binding of T3 

too its nuclear receptors. Indeed, AM treatment causes a dose-dependent 

decreasee in the expression of several T3 -dependent genes. For instance, the 

AM-inducedd increase in plasma low-density lipoprotein (LDL) cholesterol is 

explainedd by a decrease in the hepatic expression of the LDL receptor gene at 

bothh the mRNA and protein levels (2,3). Interestingly, the type of inhibition 

differss for a r and /^-thyroid hormone receptors (TRo, and TR/3i, 

respectively).. DEA is a competitive inhibitor of T3 binding to TRcr-i (4), whereas 

itt is a noncompetitive inhibitor of T3 binding to TR/^ (5). Protein-protein binding 

studiess with the hTR^ and the co-activator glucocorticoid receptor interacting 

proteinn (GRIP-1) showed an inhibitory effect of DEA on the T3 dependent 

bindingg of the co-activator to the TR/3-i (6). This mechanism of action further 

supportss the idea that DEA has a T3 antagonistic effect. It is thus of much 

interestt to evaluate whether the new related drug, Dron, has the same effect 

ass AM on extrathyroidal hormone metabolism and T3 receptor binding. Dron is 

noww under active study intended to determine its usefulness in patients with 

cardiacc arrhythmias (7). The aim of the present study was to investigate a 

putativee inhibitory effect of Dron and its metabolite debutyldronedarone 

(DBDron),, on the binding of T3 to TRar and TR/^. To this end we performed 

inin vitro binding studies with expressed TRar! and TRIi^ proteins and in vivo 

studiess in rats where we concentrated on a number of post receptor effects 

mediatedd by TRc^ and TRÖ^ In both studies we compared the effect of Dron 

withh that of AM. 
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8.3.. Materials and methods 

1-125, , 

8.3.A.. Material s 

Nonradioactivee T3 was obtained from Henning (Berlin, Germany). ['"I]T3 

(specificc activity, 2200 Ci/mmol) was purchased from NEN Life Science 

Productss (Boston, MA). Dron, DBDron, AM and DEA were gifts from Sanofi 

Pharmaceuticals,, Inc.-Synthélabo (Montpellier, France). The goat polyclonal 

LDLL receptor (LDL-r; C20) IgG (sc-11824, lot J161) was obtained from Santa 

Cruzz Biotechnology, Inc. (San Diego, CA). All reagents were of the highest 

gradee possible. 

(CH2)2 2 

Amiodarone e 
(L3428) ) 

C 4 H 9 9 I44 9 

^ ^ (CH2)33 "C 4H9 

Dronedarone e 
(SR33589B) ) 

-(CHA, , 

Desethylamiodarone e 
(LB33020) ) 

? 4H 9 9 

.(CHj)3 3 

Debutyldronedarone e 
(SR35021) ) 

FIG.. 1. Chemical structures of AM and Dron (fop) and their metabolites DEA and DBDron 
(bottom). (bottom). 

8.3.B.. In vitr o recepto r bindin g assay 

Thee chicken ai (amino acids 1-408) and the human B, (amino acids 153-461) 

TRss were expressed in Escherichia coli, isolated as described previously (8,9), 

andd stored in incubation buffer [20 mM Tris-HCI, 0.25 mM sucrose, 1mM 

EDTA,, 50 mM NaCI, and 5% (vol/vol) glycerol, pH 7.6] containing 5mM 

dithiothreitoll (DTT) in liquid nitrogen. Receptor proteins were thawed on ice 

(20-25|igg protein /tube) and were incubated with [125I]T3 (10"11 M) for 30 min at 

CC in a shaking water bath in incubation buffer with 5 mM DTT, 0.025% 

Tritonn X-100, 0.05% BSA and 1% ethanol (vol/vol). The total incubation 

volumee was 0.5 ml. Reactions were stopped by chilling on ice water. Bound 

andd unbound [125l] T3 were separated at C using a small Sephadex G-25 

mediumm column (bed volume, 2 ml; swollen in incubation buffer with 0.05% 
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BSA)) in a Pasteur pipette. Four 0.8-ml fractions, containing the bound 

hormonee fraction, were collected using incubation buffer as eluent. Specific 

bindingg was determined by calculating the difference between the counts 

boundd in the absence and presence of an excess (107 M) of nonradioactive 

T3.. All incubations were performed in duplicate. 

Thee potency of Dron, DBDron and DEA to inhibit the binding of T3 to TRcri and 

TR/^^ was tested over a concentration range of 10-100 u.M. The compounds 

solubilisedd in a stock solution of 10~2M in ethanol, were incubated with receptor 

proteinss in the presence of [125I]T3 as described above. In all tubes the final 

ethanoll concentration was 1% (vol/vol). Binding is expressed as the 

percentagee of specifically bound [125I]T3 in the absence of the compounds. In 

eachh experiment the effect on T3 binding to TRa, and T R ^ was assayed 

simultaneously. . 

Scatchardd analyses were performed with DBDron to investigate the type of 

inhibition.. TRcr, or T R ^ proteins in the presence of [125I]T3 were incubated with 

increasingg amounts of nonradioactive T3 (1x10"10 to 33x10"10M) in the absence 

orr presence of DBDron (0, 25, and 50 uJvl). Changes in maximum binding 

capacityy (MBC) and Ka as a function of DBDron concentration were tested by 

one-wayy ANOVA. 

Langmuirr plots were prepared from the data of the Scatchard analyses. To 

delineatee the type of inhibition, we analysed the data by one-way ANOVA to 

determinee whether the intercepts on the y-axis differed significantly among the 

variouss drug concentrations. Evidence for competitive inhibition is one 

interceptt on the y-axis and dose-dependent increasing intercepts on the x-

axis,, whereas noncompetitive inhibition is characterized by one intercept on 

thee x-axis and dose-dependent increasing intercepts on the y-axis. 

8.3.C.. In viv o studie s 

Malee Wistar rats (220-260 g), housed under normal conditions with free 

accesss to standard laboratory chow and tap water, were divided into four 

groupss (eight rats per group). They received water (controls), an aqueous 

suspensionn of 50 mg/kg body weight Dron (Dron50), 100 mg/kg body weight 

Dronn (Dron100), or 100 mg/kg body weight AM (AM100) by gastric tube daily 

forr 2 wk. Twenty-four hours after the last administration, electrocardiographs 

(ECGs)) were made. During ECG recording, body temperature was kept 
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constantt ) by a custom-made, water-heated, warming pad and 

monitoredd by a rectal probe (Ellab, Roedovre, Denmark). Rats were kept 

underr anaesthesia and could freely breathe under 100% oxygen-

supplementedd air (0.2 litre/min) via a cone (density.0.7 mm) 1 cm from their 

nose.. AgCl-coated silver needles were used to record ECG (Einthoven lead I). 

Outputt signals were amplified by a custom-made amplifier, sampled at 1 kHz 

(Dataa Acquisition Card AT-MIO-16E-10, National Instruments, Austin, TX, 

USA),, band pass-filtered at 100 Hz-50 Hz direct current, and analysed using 

AcqKnowlegdee software version 3.2.6 (MP 100 Manager, Biopac Systems, 

Inc.,, Santa Barbara, CA, USA). Thereafter, blood was collected by cardiac 

puncture,, and plasma was stored at . The liver was removed and stored 

inn liquid nitrogen. All animal experiments were approved by our local animal 

welfaree committee. 

8.3.D.. Plasm a assay s 

Plasmaa cholesterol and triglycerides were determined by using a fully 

enzymaticc dye method (Modular P analyser, Roche Molecular Biochemicals, 

Mannheim,, Germany). Quantification of plasma LDL cholesterol and high 

densityy lipoprotein (HDL) cholesterol were carried out by precipitation as 

describedd previously (3). Total T4, total T3 and rT3 were measured by in-house 

RIAss (10), using rat null plasma as diluent. Free T4 (FT4) and TSH were 

determinedd by Delfia fluoroimmunoassay (PerkinElmer, Wallac Inc., Freiburg 

Germany).. FT4 and FT3 indexes were calculated as the product of the total T4 

orr total T3, respectively, and T3 resin uptake. The latter was determined using 

thee Immulite chemiluminescent immunoassay T3 uptake kit (Diagnostic 

Products,, Los Angeles, CA, USA). All samples were measured within one run. 

Dataa are expressed as mean  SD. Differences between the thyroid hormone 

parameterss were tested using t test, differences between the lipid parameters 

weree tested by Mann-Whitney rank-sum test. 

8.3.E.. LDL-r protei n expressio n and typ e 1 deiodinas e (D1) activit y in 

live r r 

Liverr whole cell extracts were prepared in homogenisation buffer [10 mM 

HEPES,, 10% glycerol, 0.25 M sucrose, 25 mM KCI, 1 mM EDTA, 5 mM DTT, 

andd protein inhibitor mix (Complete, Roche Molecular Biochemicals), pH 7.6]. 
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Thirty-fivee micrograms of protein were applied to a 7.5% SDS-PAGE gel, 

transferredd to PVDF membrane using a wet electro blotting apparatus, and 

probedd with a specific LDL-r goat polyclonal antibody (diluted 1:1000). A 

polyclonall rabbit antigoat horseradish peroxidase-conjugated secondary 

antibodyy (DAKO Corp., Copenhagen, Denmark; diluted 1:3000) was used to 

reveall primary antibody binding using the Western Light kit and Lumi-lmager 

softwaree ( Roche Molecular Biochemicals). D1 activity in liver was measured 

ass previously described (11). 

Valuess are expressed as the mean  SD. Differences were determined by t 

test. . 

8.4.. Result s 

8.4.A.. In vitr o studies : Inhibitor y potencie s of Dron , DBDro n and DEA 

Thee inhibitory effects of 10, 25, 50 and 100 |uM DEA, Dron and DBDron, 

respectively,, on T3 binding to both TRcri and TRd are presented in FIG. 2A 

andd 2B. Dron at 100 jiM showed a slight, but significant, inhibition of 14  3% 

(PP < 0.01) of T3 binding to TRcr1f but no inhibition of the binding of T3 to TR/J^ 

Forr the metabolites DEA and DBDron, a dose-dependent inhibition of T3 

bindingg to both receptor isoforms was observed. DEA at 100 [iM inhibited the 

bindingg of T3 to the TRc^ by 94  3 % (P < 0.01) and that to T R ^ by 82  4% 

(P<< 0.01) compared with that when no DEA was present. DBDron at 100 u,M 

stronglyy inhibited the binding of T3 to TRcr, by 77  3 % (P< 0.01) but that to 

thee TRÖT by only 25  4 % (P< 0.01) compared with no DBDron (by Mann-

Whitneyy nonparametric rank-sum test, values are mean  SEM ; n = 5). DEA 

concentrationss causing 50% inhibition of T3 binding (IC50 values) were 30  4 

andd 71  3 utvl for the TR^ and TRflu respectively (Table 1), in good 

accordancee with earlier studies (4,9). The IC50 values of DBDron were 59  4 

andd 280  30 uM (Table 1) forTRah and T R ^ respectively. 
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TABL EE 1. Concentrations required for 50 % inhibition of binding of [125I]T3 to the TRd and TRBi 
byy DEA and DBDron 

IC500 values (JJM) 

P P 
DEAA DBDron 

TRcr,, 30 4 59 4 < 0.01 

TR/3,, 71  3 280 0 < 0.01 

PP <0.01 <0.01 

Valuess are the mean  SEM (n = 5). P values were determined by paired f test. 

00 10 100 0 10 100 

uMM compound uM compound 

FIG.. 2. Inhibition of the in vitro binding of [125I]T3 to the TRcr, (A) or TRfi, (B) by DEA (squares), 
Dronn (triangles) and DBDron (circles). Values are given as mean  SD (n = 5) and are expressed 
ass the percentage of specifically bound [125I]T3 in the absence of the compounds. 

8.4.B.. In vitr o studies : Type of inhibitio n of DBDro n 

AA representative Scatchard plot and Langmuir analysis of the effect of DBDron 

onn TRcfi are depicted in Fig. 3. The MBC of TRoi was not affected by DBDron 

(PP = 0.21), but the affinity constant (Ka) of T3 binding was decreased in a dose-

dependentt manner (P<0.01), as shown in Table 2. Langmuir analyses 

confirmedd the competitive nature of the inhibition of binding of T3 to TRc^ by 

DBDron.. The intercept on the y-axis did not change from 0 - 50 n.M DBDron 

(P== 0.25), whereas the intercept on the x-axis increased in a dose-dependent 

wayy (P< 0.03). 
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Thee results of Scatchard analysis of DBDron incubated with TRd are also 

presentedd in Table 2. The inhibitory effect of DBDron on TRfii, however, was 

tooo low to perform reliable kinetic studies. MBC values did not show a dose-

dependentt relation (P = 0.82) with DBDron concentration, and the Ka values 

didd not decrease dose-dependently (P = 0.34). 

TABL EE 2. Characteristics of inhibition of binding of T3 to TRcti and TR/3, by DBDron as evident 
fromm Scatchard plots 

Scatchardd plots MBC C 
(10"10M/litre) ) 

Ka a 

(10ss litres/M) 

TRot, , 

00 /JM DBDRON 

255 tm DBDRON 

500 /JM DBDRON 

1.533 5 

1.344 2 

1.366 5 

0.288 5 

0.255 3 

0.199 1 

P P 

TRfi, , 

00 /JM DBDRON 

255 /JM DBDRON 

500 /vM DBDRON 

0.21 1 

2.344  0.50 

1.899 3 

2.088 0 

<0.01 1 

0.155 1 

0.155 1 

0.144 1 

0.82 2 0.34 4 

Valuess are the mean  SEM TRcrl, n = 9; TR/31, n = 7. P values were determined by one-way 
ANOVA. . 

0.22 0.4 0.6 O.i 

T33 bound 

11 2 -0.11 0 0.1 

1/T33 present 

FIG.. 3. Scatchard analyses (A) and Langmuir plot (B) of the binding of T3 to TRa, in the absence 
(circles)(circles) or presence of DBDron 10(jM (squares) and 25 |iM (triangles). 
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8.4.C.. In viv o studies : rat plasm a parameter s 

Bodyy weights were similar in the four groups at baseline. In the Dron 100 group 

twoo rats died before the end of the study due to breathing problems. The gain 

inn body weight during the experiment was lower in the Dron- and AM- treated 

animalss than in controls (Table 3). 

Plasmaa T3 and FT3 index in the Dron50, DronlOO, and AM 100 groups were 

lowerr than control values. Plasma rT3 and TSH were significantly higher in the 

AM1000 group relative to control values. Plasma FT4 did not differ among 

groups,, but T4 and FT4 index were lower in the DronlOO group than in controls 

(Tablee 3). 

Totall plasma cholesterol was not affected in the Dron50 and DronlOO groups 

comparedd with controls, nor were LDL cholesterol and HDL cholesterol 

affectedd by Dron. However, total cholesterol, LDL cholesterol, and HDL 

cholesteroll increased in the AM group (Table 3). 

TABL EE 3. Effect of Dron or AM treatment in rats on ABW, plasma thyroid hormones, and plasma 
lipids s 

Controlss (n = 8) Dron 50 (n = 8) Dron 100 (n = 6) AM 100 (n = 8) 

ABW(g)) 87(63-93) 70 (50-90)a 65 (-25-75)b 62(51-75)b 

TSH(ng/m!)) 1.02 4 1.05 4 0.87  0.36c b 

T44 (nmol/litre) 74  9.6 62  13 57  12d 72  15 

FT44 index 115 5 97 0 d 113 3 

FT44 (pmol/litre) 39.5  7.3 33.4 1 33.7 1 40.8  9.0 

T33 (nmol/litre) 0 1.17 d b b 

FT3indexx 2.21 6 b b b 

rT33 (nmol/litre) 0.10 1 0.09  0.02 0.10 1 b 

Totall chol (mmol/litre) 2.05 8 1.86  0.25 1.81  0.50 2.27  0.29b 

LDL-choll (mmol/litre) 0.93 5 0.95 3 0.86  0.37 e 

HDL-choll (mmol/litre) 0.96 0 0.85 8 1.05 1 a 

Heartt rate (bpm) 382  35 365  26 390 6 351  23a 

QTcc interval (msec) 3 f a 0.141 a 

Valuess are the mean  SD, A BW, The difference between d 1 and d 15 body weights (median and 
range). . 
aPP < 0.05 vs. controls; bP < 0.01 vs. controls; CP = 0.1 vs. controls; dP < 0.02 vs. controls; eP = 0.07 
vs.vs. controls; fP = 0.055 vs. controls 
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8.4.D.. In viv o studies : pos t recepto r effect s in rat heart and live r 

Heartt rate, expressed as beats per minute, was not different among the 

groups.. However, QTc intervals showed a dose-dependent prolongation in 

bothh Dron- and AM-treated groups (Table 4). 

D11 activity was not changed in both Dron-treated groups, but decreased by 70 

%% in the AM100 group (P< 0.0001; Fig. 4). LDL-r protein levels in both Dron-

treatedd groups did not differ from the LDL-r protein levels in the livers of control 

animals.. However, in the AM 100 group LDL-r protein expression was 

decreasedd (P < 0.004); Fig. 4). 

8.5.. Discussio n 

8.5.A.. In vitr o studie s 

Fromm our results it is clear that Dron itself has only a slight inhibitory effect on 

thee binding of T3 to TRcr, and has no effect on T3 binding to TR/^. In contrast, 

thee metabolite DBDron was a very potent inhibitor of T3 binding to TRa, but a 

weakk inhibitor of T3 binding to TRflv Dron and DBDron are, like AM and DEA, 

strongg lypophilic compounds, not easily dissolved in an aqueous environment. 

Too keep the compounds in solution, we added 0.025% Triton X-100 to the 

assayy buffer, which has no effect on affinity (12). The solubility of Dron and 

DBDronn was tested at OD40o- No opacity (precipitation) was observed at 

concentrationss up to 100 uM, but OD400 rose in an exponential manner at 

higherr concentrations. The IC50 value of DBDron with respect to TR81 could 

thereforee not be measured directly, but was estimated by extrapolation from 

thee dose-response curve. It appears that the inhibitory effect of DBDron is 

aboutt 4.7 times greater for T3 binding to TRcr, than to TR^ . From the 

Scatchardd plots and Langmuir analysis it is evident that the inhibitory effect of 

DBDronn on T3 binding to TRo^ is competitive in nature. We were unable to 

obtainn reliable data on the type of inhibition by DBDron to T R ^ because we 

couldd not add sufficient amounts of DBDron to reach concentrations around 

thee IC50 value of 280 u.M, as the drug came out of solution at concentrations of 

approximatelyy 100 u.M. 
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Dronn is a TRci selective antagonist 

Thee effect of Dron is similar to that of AM in so far that not the parent drug, but 

itss metabolites DBDron and DEA, respectively, are the potent inhibitors of T3 

bindingg to the TR. Although DBDron is less potent than DEA in this respect by 

aa factor 2 for TRa^ and 4 for T R ^ the two metabolites differ markedly from 

eachh other in that DBDron inhibits T3 binding to TRa, but much less to TRfi1( 

whereass DEA clearly inhibits T3 binding to both TRo^ and TR/^ within the 

samee order of magnitude. 

Thee quantitative differences between DEA and DBDron with respect to 

inhibitingg T3 binding to TRo^ and TRI$^ are most likely the result of differences 

inn structures between the two compounds and/or between the two receptors. 

Thee ligand binding domain of the cTRai and hTRiSi are 89% homologous. The 

differencess in the amino acid sequences between cTRcri and hTRf^ are 

mainlyy located in strand 3/helix 3, in strand 7/helix 7 and in helix 10. Studying 

thee three-dimensional structure of the hTR/^ (PDB Id: 1BSX, studied using 

Cn3DD v. 3.0 via the NCBI website), it becomes apparent that some of the 

differencess between TRc^ and TR/^ in helix 10 are on the same surface side 

off the receptor as amino acids R429 and E457, which we demonstrated in 

earlierr studies (9) to be involved in DEA interaction to TRfi^ These differences 

inn amino acid sequences can lead to subtle changes in the three-dimensional 

structuree for TRoi compared with TR/^. The chemical structures of DEA and 

DBDronn (Fig. 1) have great similarity, but there are some important 

differences.. DEA has two bulky iodine atoms, which DBDron has not. The 

aminoo side-chain of DBDron is longer and has a butyl group instead of an ethyl 

group.. It is possible that the extra methanesulfonamide group in the DBDron 

molecule,, which carries a positive charge, is of importance in explaining the 

decreasedd affinity to T R ^ compared with TRcri. 

Thee competitive nature suggests competition between T3 and DEA or DBDron 

att the same binding site on the TRov However, it is also possible that T3 and 

DEAA or DBDron do not bind in the same binding pocket, but that the binding of 

DEAA or DBDron to the receptor will change the structure of the TRa^ binding 

pockett in such a way that T3 can no longer bind to TRc^ . This conformational 

changee could in vivo result in a reduction of the available binding sites for T3 

bindingg on the TRa-i in tissues when DEA or DBDron is bound. The binding of 

T33 and DEA or DBDron to the TRs is a reversible process, and its equilibrium 

iss dependent on the concentrations of the compounds present. When the 
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Dronn is a TRai selective antagonist 

concentrationss of DEA or DBDron in tissue rises because of the accumulation 

off the drug metabolites, the binding of T3 to the TRs will decrease, resulting in 

aa decrease in T3-dependent gene expression. 

8.5.B.. In viv o studie s 

Thee in vitro data suggest that DBDron could act as a selective antagonist to 

TRor-i.. Such an effect in vivo would require tissue concentrations of DBDron 

remainingg below the IC50 value of 280 |uM. In dogs treated orally with Dron (20 

mg/kg.d)) for 4 wk, the myocardial content of Dron is 23 |imol/kg and that of 

DBDronn 6 umol/kg (13). In the same study dogs treated with AM (40 mg/kg.d) 

forr 4 wk had myocardial concentrations of 28 umol/kg AM and 21 umol/kg 

DEA.. Dron and DBDron concentrations in human tissues are not known, but 

AMM and DEA concentrations are 62 and 274 umol/kg, respectively, in human 

heartss obtained from autopsies (14). The human tissue concentrations are 

higherr than in the dog studies, probably related to the accumulation of AM and 

DEAA in tissues upon long-term treatment of patients with AM. The DEA 

concentrationss in the human heart are much higher than the IC50 values of 

DEAA for TRc*! and TR/^ and allow for an antagonistic effect in vivo on T3-

dependentt gene expression mediated via both receptor isoforms. The few 

availablee data on DBDron content in the heart are compatible with the idea 

thatt DBDron concentrations will not be sufficiently high to exert an antagonistic 

effectt on TR/3i, but will allow antagonism to TRcti. If so, this could be of clinical 

relevance.. The heart has an abundance of TRat relative to TR/3<|, whereas 

tissuess such as the liver express T R ^ more abundantly than TRcr-i (15). AM 

andd Dron have similar electrophysiological effects on the heart (13,16-18), and 

theirr antiarrhythmic effect might well be mediated at least partly via TRe^ by 

inducingg a local hypothyroid-like condition (19). One of the side-effects of AM 

iss an increase in plasma cholesterol caused by a down-regulation of the T3-

dependentt LDL-r gene in the liver (2,3). 

Becausee of the higher affinity of DBDron to TRc^, we hypothesized that the 

effectt of Dron on heart rate and QTc interval would be similar to that of AM, 

butt that Dron, in contrast to AM, will not cause hypercholesterolemia and 

changess in the liver LDL-r expression, as T3-induced changes in cholesterol 

metabolismm are mainly mediated via TR/^ (20). 
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TABL EE 4. Effect of Dron or AM treatment in rats on heart rate, QTc intervals, liver D1 activity and 
LDL-rr protein expression, compared with controls 
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A,, Levels of LDL-r protein in livers of control 
ratss (control) and rats treated with Dron (50 or 
1000 mg/kg body weight) or AM (100 mg/kg 
bodyy weight). LDL-r protein was visualized 
usingg Western blotting with a specific 
polyclonall antibody, and signals were 
quantifiedd using a Lumi-lmager. Data are 
expressedd as the mean  SD, *, P < 0.004. 

B,, Activity of D1 in livers of control rats 
(control)) and rats treated with Dron (50 or 100 
mg/kgg body weight) or AM (100 mg/kg body 
weight).. D1 activity was measured as 
describedd in Materials and Methods. Data are 
expressedd as the mean  SD, **, P < 0.0001. 

Dron5 00 Dron10 0 Am100 

FIG.. 4. Effect of Dron and AM on LDL-r protein expression and D1 activity in rat liver. 

Ourr in vivo experiments support this hypothesis. First, Dron and AM had 

differentiall effects on thyroid hormone metabolism. AM, but not Dron, caused a 

decreasee in the activity of liver D1, the enzyme responsible for the generation 

off T3 from T4 and the degradation of rT3 into 3,3'-diiodothyronine. As the liver is 

thee main site for production of T3 and the degradation of rT3, the decrease in 

plasmaa T3 and the increase in plasma rT3upon AM treatment are explained by 
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thee fall in liver D1 activity in agreement with previous studies (Ref.21 and 

referencess therein). The gene encoding D1 is under thyroid hormone control, 

ann effect mainly mediated via JR/l^ (22). The absence of an effect of Dron on 

liverr D1 activity could thus be taken as evidence in favour of Dron not 

interferingg with T3 binding to TR/^, but the available evidence suggests 

anotherr mechanism. AM treatment is not associated with a fall in liver D1 

mRNAA (Refs.2 and 21 and references therein), but the decrease in liver D1 

activityy is due to less availability of the substrate T4 caused by inhibition of 

cellularr T4 uptake and direct inhibition of D1 by amiodarone (21), which 

frequentlyy results in higher T4 and FT4 levels. 

Dronn treatment tends to decrease plasma TSH, whereas AM, in contrast, gives 

risee to higher TSH levels. The TSH increase by AM is explained by the iodine 

excesss generated by the drug, as has been reported previously (Ref.1 and 

referencess therein). Dron treatment is associated with a decrease in total and 

freee T4 and T3 concentrations. The decreases in T4 and T3 cannot be explained 

fromm changes in plasma thyroid hormone-binding proteins, because the T3 

uptakee measurements in plasma remained unchanged, nor from changes 

relatedd to nonthyroidal illness, because plasma rT3 remained unaltered. 

Althoughh an effect of diminished food intake cannot be excluded, the lower T4 

andd T3 production by the thyroid gland might be the result of diminished TSH 

secretion. . 

TSHH secretion is under negative thyroid hormone control, an effect mediated 

mainlymainly by T R ^ , but the pituitary thyrotrophs also contain TRc^ (23-25). In 

TRa/"" mice, lower plasma TSH levels are observed as a result of a decreased 

expressionn of the TSHoc-subunit (26). Therefore, our in vivo data showing 

decreasedd T4 and T3 levels and slightly lower TSH in Dron-treated rats might 

bee interpreted as resulting from a TRa-i-selective inhibition of T3 binding by 

Dron. . 

Secondly,, we observed a lengthening of the QTc interval in rats treated with 

eitherr AM or Dron, a typical effect of class III antiarrhythmic drug. It has been 

suggestedd in the case of AM that part of this increase can be explained by its 

inhibitionn of the binding of T3 to TR in the heart (19). Recently, it was shown 

thatt the TRoh is the isoform involved in setting the heart rate (15, 26). Deleting 

TRchh not only lowers the heart rate, but also increases the QTc interval. This 

fitss with our data for Dron and AM. When we combine the results of our in vitro 
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andd in vivo studies, the lengthening of the QTc interval would be the result of a 

selectivee inhibition of T3 binding to the TRoi in the heart. 

Thirdly,, we did not observe a change in plasma cholesterol or liver LDL-r 

expressionn in rats treated with Dron. AM-induced hypercholesterolemia cannot 

bee explained by the rise in TSH, because even higher TSH levels in mildly 

hypothyroidd animals do not result in an increase in plasma cholesterol (2). The 

increasee in plasma cholesterol by AM, which acts on both TROi and TR/S1( can 

bee explained by a decreased expression of LDL-r in the liver at both mRNA 

andd protein levels (3). It has recently become clear that most of the regulation 

off cholesterol metabolism and LDL receptor expression in liver is T R ^ 

dependentt (20). Thus, the lack of effect of Dron on plasma cholesterol and 

LDL-rr expression can be explained by our in vitro data showing that Dron is a 

TRai-selectivee inhibitor. 

Inn conclusion, the in vitro and in vivo data presented in this paper indicate that 

Dron,, via its metabolite DBDron, is a TRarselective inhibitor of T3 binding to 

itss receptor. This isoform selectivity can explain the effects of Dron on the 

heartt (a mainly TRah organ) and the lack of effect on the liver (a mainly TR/^ 

organ)) (Table 4) and may also point the way to designing TR isoform-specific 

antagonists. . 
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