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Thyroxine (T4) is the main secretory product of the thyroid gland,
and the deiodination of this prohormone to the biologically active
hormone, 3,5,3triiodothyronine T3), is the first step in thyroid
hormone action. It is well known that type | iodothyronine
deiodinase (ID-1), a selenocysteine-containing enzyme, is respon-
sible for most of this conversioh.The activation of thyroid
stimulating hormone (TSH) receptor by autoantibodies leads to an
overproduction of thyroid hormones, which can be controlled by
specific inhibitors such as B-propyl-2-thiouracil {, PTU) and
methimazole § MMI) that either block the thyroid hormone  Figure 1. Molecular structure ob.
biosynthesis or reduce the conversionTdf to T3.

Table 1. Inhibition of LPO Activity by MMI, and 5—7
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a Concentration of the compound causing 50% inhibition.
Although these are the most commonly employed drugs for
hyperthyroidism, the mechanism of their action is still not clear. It
has been proposed that these drugs form stable electron-€donor
acceptor complexes with and divert oxidized iodides away from
thyroglobulin, which effectively reduces the biosynthesis of thyroid
hormoneg. Another mechanism suggests that these drugs may
coordinate to the thyroid peroxidase (TPO), a heme enzyme, which
catalyzes the oxidation of iodides and the coupling of iodothyrosine
residues of thyroglobulid.t has also been reported that PTU can
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block the conversion oT4 to T3 by reacting with the selenenyl 0 10 20 30 40 30
iodide intermediate (E-Sel) of ID-1 to form a selenenyl sulfide as Inhibitor Conc. (uM)
a dead end produét. Figure 2. Inhibition curves for the LPO-catalyzed oxidation of ABTS.

Recently, the selenium analogu@s(PSel and 4 (MSel)
attracted considerable attention because these are expected to b@ay inhibit the LPO by a different mechanism. To verify this
more nucleophilic than their sulfur analogues and the formation of hypothesis, we have carried out the inhibition experiments with
an —Se-Se- bond with ID-1 may occur more readily than the ebselen6 and selenazol&,® which do not have any thione or
formation of an—Se—S— bond? However, the selenium com-  Selenone moiety that has been proposed to be important for TPO
pounds were found to be less potent than the sulfur ana|0gues‘ andr LPO inhibition. Interestingly, the activities 6fand7 were found
the reason for the relatively low potency is still not clém.view to be comparable to that &, indicating that thione or selenone
of this’ we have undertaken a biomimetic studyMﬁe] to probe moieties are not required for the inhibition of LPO. To the best of
the mechanism by which the selenium derivatives exert their our knowledge, compounds-7 represent the first examples of
inhibitory action. In contrast tMMI , the selenium analogue exists ~ Selenium compounds that inhibit the LPO activity.
in a diselenide form&, MSel,y, Figure 1)¢

In this study, we employed the Fe-containing lactoperoxidase

(LPO) as a model for TPO, because both of the enzymes have been O OH
shown to have similar propertiég.he 1G values for the inhibition @:‘(N_@
of LPO-catalyzed oxidation 2&zino-bis-3-ethylbenzthiazoline Se
sulfonic acid (ABTS) by the test compounds are summarized in 6
Table 1, and the inhibition curves f&MI and5 are shown in
Figure 2.
As expectedMMI exhibited a strong inhibition with an kg Recent studies on thyroid hormone metabolism suggest that

value of 6.6uM. The selenium analogu&) also showed a strong  glutathione peroxidase (GPX)another selenoenzyme present in
inhibition, although its activity was found to be almost 2 times the thyroid gland, degrades intracellulag®3 and thereby inhibits
lower than that oMMI . This suggests that the selenium analogue the iodination reaction¥These observations indicate the possibility
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Table 2. Initial Rates (vp) for the Reduction of H>O; in the
Presence of Selenium Catalysts?

no. compound Vo («M min~?)

1 GPxb 30.55+ 0.87
2 MSelox (5) 81.05+ 0.40
3 Ebselen (6) 78.46+ 0.63
4 7 132.70+ 2.84
5 GPx + MSelox 106.69+ 3.97
6 ebselent MSelgx 150.56+ 3.53
7 7+ MSelox 195.52+ 2.03

aConditions: GSH, 1 mM; EDTA, 1 mM; GSSG reductase, 0.6 unit/
mL; NADPH, 0.2 mM; HO,, 1 mM; selenium catalysts, 0.025 mM; in 0.1
M potassium phosphate buffer, pH 783GPx: 5 nM.

that some of the anti-thyroid drugs may inhibit the thyroid hormone
biosynthesis by reducing 4, (GPx-like activity), because the
oxidation of iron center in TPO by 40, is the first step in thyroid

hormone synthesis. Therefore, we focused our attention on the GPx

activity of MSely, and some related compounds. Interestingly,
MSelox exhibited high GPx activity, providing a novel mechanism
for its inhibitory action. The activity oMSel, was found to be
comparable to that of ebseles) £ a well-known GPx mimic (Table
2). On the other hand, the sulfur analogtéyl , did not show
any noticeable activity under identical experimental conditions.

The high GPx activity of5—7 suggests that the selenium
analogues of the anti-thyroid drugs and other GPx mimics inhibit
the LPO activity by reducing kD, and these compounds may also
act as antioxidants and protect cells from oxidative damage. It has
been suggested that an increase in th®jtoncentration in the
thyroid could damage the gland and be an important factor in the
pathophysiology of myxedematous cretinisn.

We also studied the effect 8fand5 on the GPx activity of the

natural enzyme and some GPx mimics because the electrophilic

reactivity of selenium in the selenenic acid (E-SeOH) intermediate
in the GPx cycle is similar to that of the E-Sel intermediate in the
deiodinase cycle. Therefore, the anti-thyroid drugs may interfere
with GPx by reacting with the E-SeOH to form stabl&e—S—

or —Se—Se- bonds. As it can be seen from Table 2, the activities
of GPx, ebselenf), and compound in the presence dSelqy

are almost equal to the sum of the initial reduction rates observed
in the individual cases. The sulfur compoumdiMI , also did not
inhibit the GPx or the model compounds, suggesting that the anti-
thyroid drugs do not interfere with other selenoenzymes such as
GPx in the thyroid gland.

Further experiments on the reduction of diselenide bonds show
that the—Se—Se— bond inMSel,, can also be cleaved by reducing
agents such as dithiothreitol (DTT). It should be mentioned that
the identity of the physiological second substrate is uncertain for
ID-1 and DTT is the major cosubstrate used in in vitro deiodination

experiments. Therefore, DTT may reduce the diselenide to produce
the corresponding selenone species, which can react with the E-Sel

intermediate to form an enzymelrug diselenide bond. To test this
hypothesis, we synthesized selenenyl iodBdas a model for the
E-Sel intermediate, and the reactivity of this compound toward
MMI andMSel was followed by ’Se NMR spectroscopy (Scheme
1). The reactions of selenenyl iodides with selenourea derivatives
have not been studied previously, although the reactivity of
selenenyl iodides toward thiourea drugs has been reptted.
Reactions ofMMI and MSel with 8 in the presence of NEt
afforded the selenenyl sulfid®)(and diselenidel(0), respectively.
Interestingly, the SeS bond in9 and the Se Se bond inl0were

Scheme 1. Reaction of 8 with MMI and MSel
MMI (or)
MSel DTT

NEt; e

I\I/Ie
N
Se—E
e

+C2f$el
8 9,E=S;10,E=Se
readily cleaved by DTT to produckl. This suggests that, although
MMI andMSel can form the corresponding selenenyl sulfides and
diselenides with stable selenenyl iodides, the resulting compounds
are not stable under reducing conditions. This is in agreement with
the recent observations th&tSel exhibits very weak inhibition
on ID-1 even at higher concentratioffs.

In summary, we have shown that the selenium analogues of anti-
thyroid drugs exhibit their anti-thyroid activity by a mechanism
different from that of MMI. The inhibition of TPO by selenium
compounds is mainly due to their ability to act as GPx mimics,
and the insensitivity of ID-1 towariSel is due to the inability of

"

the drug to form a stable Se-Se— bond. This study suggests that
suitably designed selenium compounds may solve the problems
associated wittPTU and MMI , which are irreversible inhibitors

of TPO. Alternatively, the anti-thyroid drugs, together with GPX,
may constitute a defense system against reactive oxygen species
in the thyroid gland.
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