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The influence of free radicals on iodothyronine 5-monodeiodinase activity, the
enzyme responsible for the deiodination of thyroxine to most active thyroid
_hormone 3,3’,5-triiodothyronine (T,), was examined in rabbit’s liver. Incubation of
the liver homogenate with the xanthine oxidase based free radical generating system
(FRGS) caused a reduction in 5’-monodeiodinase activity to the 53.9% of initial
value taken as 100%, and on increase (52.9% over the control value) in the level of
lipid peroxidation by-product malondialdehyde. The inhibitory effect of FRGS on
5’-monodeiodinase activity was blocked by free radical scavengers: catalase (91.2%),
thiourea (88.8%), superoxide dismutase (85%) and by some antioxidants; Trolox (the
water soluble a-tocopherol analog, 81.4%) and glutathione (77.7%). These results
suggest that oxygen radicals, hydrogen peroxide and hydroxyl radicals were involved
in the inhibition of the 5’-monodeiodinase activity. The same scavengers significantly
decreased the malondialdehyde formation. In the presence of the FRGS the amount
of total SH groups (the cofactor of the deiodination reaction) was decreased in the
liver homogenate to 51% of the initial value, and a positive relationship between the
total SH groups levels and the 5’-monodeiodinase activity in the presence of free
radical scavengers was observed. It suggests, that active oxygen radicals generated by
FRGS may inactivate 5-monodeiodinase, at least in part, by reduction of thiol

cofactors.
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INTRODUCTION

Toxic and highly reactive oxygen metabolites (free radicals, FR) generated
during normal metabolism, when enter into uncontrolled reactions cause
metabolic disorders and impair health. Free radicals may cause membranous
lipid peroxidation (1), cellular enzyme inhibition (2, 3) and the nucleic acid
damage (4, 5).

The work of Huang et al. (6) suggested that free radicals may influence
S’-monodeiodinase activity (5-MD), the enzyme responsible for conversion of
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prohormone thyroxine (T,) to 3, 3’5-triiodothyronine (T,), and indirect reduce
serum T; level. The most active thyroid hormone — T, is involved in the
modulation of protein, lipid and carbohydrate metabolism and play important
role in every stage of mammalian growth and development. The reducing of
extrathyroidal 5’-monodeiodination of T, to T, may change the thyroid
hormone metabolism from activating (T,) to inactivating (deiodination of T, in
5-position) pathway, so frequent observed in nonthyroidal illnesses (7).

In this study we partly reexamined the observations of Huang et al. (6) and
by using some antioxidants and free radicals scavengers we have tried to
answer the question what types of oxidative damage are involved in this
process. As the most important mechanism of tissue damage by free radicals is
lipid peroxidation, we have measured the by-product of lipid peroxidation
— malondialdehyde (MDA) in the presence or absence of a xanthine oxidase
based free radical-generating system (FRGS) and scavengers, and the influence
of the FRGS on total SH groups content (the cofactor of deiodinating reaction).

Because the hepatic 5-MD was found to be a selenoenzyme (8, 9) we also
examined the effect of sodium selenite on the liver 5-MD activity.

MATERIALS AND METHODS

Materials and reagents

Liver tissue was obtained from adult New Zealand rabbits and kept at —20°C until analysis.

Xanthine, xanthine oxidase, sodium ascorbate, ADP, ferric chloride (FeCl ), catalase,
superoxide dismutase (SOD), thiourea, tert — butanol, GSH, sodium selenite, dithiothreitol (DTT),
butylated hydroxytoluene (BHT), 1,1,3,3 -tatracthoxypropane (MDA) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). 6-hydroxy-2,5,7,8-tetramethylchromam-2-carboxylic acid
(Trolox) was obtained from Aldrich (Milwaukee, WI, USA), vitamin E (a-tocopherol acetate) from
Merck (Darmstadt, Germany) and tri-chloroacetic acid (TBA) was purchased from Loba
Feinchemie (Fischamend, Germany). All other chemicals were of analytical grade.

Tissue preparation

The liver was homogenized in 4 vol (w/v) of ice — cold 0.2 Tris-HCI buffer containing 0.25
M sucrose and 5 mM EDTA (pH 9.0) for 5-MD determination and 0.2 M Tris-HCIl buffer
containing 0.25 M sucrose (pH 7.4) for thiobarbituric acid reactive substances (TBARS)
determination and centrifuged at 10000 x g for 30 min. For total SH — groups assay, the liver was
homogenized in 4 vol (w/v) of ice — cold 0.02 M EDTA and centrifuged at 10000 x g for 30 min.
The supernatant was used for incubation. Protein concentration in liver homogenate supernatant
was estimated by the method of Lowry er al. (10) using bovine serum albumin as standard.

Incubation
The liver homogenate supernatant was preincubated for 30 min at 37°C without (control) or

with a FRGS (1) comprised of xanthine (0.1 mM), xanthine oxidase (0.01 U/ml), FeCl, (0.1 mM),
sodium ascorbate (2.2 mM) and ADP (0.8 mM). When the effect of FR scavengers was studied, the
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homogenate was incubated for 30 min at 37°C with a scavenger, in the presence or absence of
FRGS. The following FR scavenger and antioxidants were separately used: catalase (300 U/ml),
SOD (600 U/ml), vitamin E (a-tocopherol acetate, 10 mg/ml), Trolox (5 uM), thiourea (0.15 M), tert
— butanol (0.15 M), GSH (50 uM), sodium selenite (5 uM).

5’-Monodeiodinase determination

The 3,3’,5-triiodothyronine (reverse T, rT;), the biologically less active product in T,
metabolism, is widely used as a substrate for 5-MD determination. The measurements of 5-MD
activity was based on release of 2°I~ from (*2°I) rT, according to method of Leonard&Rosenberg
(11) in modification of Jack et al. (12). The (**°I) rT, labelled in the outer ring only, specific activity
976—1260 pCi/ug, purchased from NEN (Du Pont — NEN, Belgium), was purified by Sephadex
LH — 20 chromatography immediately before assay (13). The (**°I) rT, fraction was dried under
nitrogen and dissolve in 0.1 M potassium phosphate buffer (pH 7.0). The assay mixture contained
in total volume of 120 pul: 0.1 M potassium phosphate buffer (pH 7.0), | mM EDTA, 10 mM DTT,
liver homogenate supernatant and between 50 000—70000 cpm (**°I) rT,; mixed with unlabelled
r'T, to a final concentration of about 400 nmol/l. When the effect of FRGS and scavengers on the
5’-MD activity were studied, the homogenate (1.25 mg protein) was incubated at 37°C for 30 min
with or without FRGS or scavengers, and after dilution by 0.1 M potassium phosphate buffer (pH
7.0), an aliquot of 5 pg protein was taken for 5-MD assay. The assay mixture was incubated at
37°C for 2 min (blank value) and 12 min (sample). Reactions were terminated by addition of 0.5 ml
of ice — cold horse serum followed by 0.5 ml of 10% (w/v) TCA. After centrifugation for 20 min at
2000 x g, radioactivity of free '2°I~ in 0.5 ml of supernatant was measured. The radioactivity of the
blank tube was subtracted from that in the sample tube and the results expressed in pmol
[~ -liberated/mg protein x min.

Assay of TBARS

The amout of TBARS formed in the liver homogenate supernatant was determined by the
method of Ledwozyw et al. (14). In short 0.25 ml of homogenate was mixed with 1.25 ml of 1.22
M TCA in 0.6 M HCI and allowed to stand for 15 min. To this mixture 0.75 ml of thiobarbituric
acid soludion was added (obtained by dissolving 500 mg of thiobarbituric acid in 6 ml 1 M NaOH
and then adding 69 ml H,O) and thereafter heating for 30 min in a heating block. After cooling to
room temperature 2 ml of n-butanol was added and the mixture was shaken vigorously for 3 min
and centrifuged 20 min at 2000 x g. The organic layer was removed and its absorbance was
measured at 532 nm. The results were expressed as nmoles of MDA/1 ml of homogenate using
MDA as the standard.

Determination of total sulphydryl groups

The total sulphydryl groups were measured with Ellman’s reagent according to the method of
Sedlak (15).

Statistical analysis

Duncan’s new multiple range test was applied. Difference between means considered
significant when P < 0.05. All data are presented as means+SEM.
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RESULTS

FRGS caused a reduction in 5-MD activity to 53.942.3% of the initial
value (41.9+0.4 pmol I”/mg protein/min; n = 63) of liver homogenate. The
Fig. I shows the effects of various free radicals scavengers and antioxidants on
the FRGS-induced inhibition of hepatic 5-MD. Most of the FR scavengers
significantly diminished the FRGS-induced inhibition of the 5-MD activity.
For reducing the inhibitory effect of FR scavengers in the 5-MD assay,
a relatively large amount (1.25 mg) of tissue protein was preincubated with
FRGS, in the presence or absence of FR scavengers, and a small fraction (5 pg
protein) was taken for 5-MD determination. When studied in this manner the
FR scavengers alone did not inhibit 5-MD activity. The FRGS-induced
inhibition of 5-MD activity was blocked nearly completely by catalase and
thiourea (91.2+3.7% and 88.8+2.2% of initial value, respectively) and to
a lesser extend by SOD (85.0+2.2%) and Trolox (81.4+2.8%). No effect of
tert-butanol, the hydroxyl ion scavenger, was observed.
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Fig. 1. Effects of free radical scavengers on FRGS — induced inhibition of hepatic 5’-MD. Control
— the liver homogenate preincubated without FRGS. Means+SEM, n = 6—14 in each group.
*P < 0.05 **P <001 vs control

Malondialdehyde (MDA), which is a by-product of lipid peroxidation, was
measured in the liver homogenate without and in the presence of the FRGS
and FR scavengers. As shown on the Fig. 2. the presence of FRGS increased
lipid peroxidation followed by a rise in TBARS formation (expressed in nmoles
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of MDA per ml of homogenate) by 152.9+2.0% (P < 0.01; n = 17) of control
value (20.1+0.3 nmol MDA/ml of homogenate; n = 16). Some FR scavengers,
such as thiourea and GSH, incubated with liver homogenate in the absence of
FRGS influenced significantly (P < 0.01) the TBARS concentration. Thiourea
diminished the TBARS level to 60.7+2.4% (P <0.01; n=6) and GSH to
80.6+3.0% (P < 0.01; n = 9) of control value. With exception of thiourea and
GSH, the catalase, the most active scavenger, decreased TBARS production (in
the presence of FRGS) to about the 107.3+7.2% of the control level, P > 0.05;
n = 6), less active scavengers like SOD (118.3+8.52%, P <0.01; n =6),
tert-butanol (119.7+2.7%, P < 0.01; n = 6), vitamin E (123.3+2.1%, P < 0.01;
n=26) and Trolox (128.7+10.0%, P <0.01; n=6) decreased TBARS
production, but to the level still different from the control (P < 0.01). Sodium
selenite restored the 5°-MD activity in the presence of FRGS to 75.7 +65.9% of
the initial value (Fig. 1), with no effect on the TBARS level (Fig. 2).
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Fig. 2. Effects of free radical scavengers on FRGS-induced increase of lipid peroxidation
by-product (MDA) measured by TBARS-test. Control — liver homogenate preincubated without
FRGS. Mean+SEM, n = 6—18 in each group. *P < 0.05, **P < 0.01 vs control.

In the presence of FRGS, the amount of total SH-group decreased in the
liver homogenate to 55.0+1.3% (P < 0.01; n = 11) of control value (37.7+0.4
mg SH per 100 g of tissue preincubated without FRGS; n = 17). Fig. 3 shows
the effects of FR scavengers on FRGS-induced reduction of total SH-group
content. The SH-groups were near completely protected by SOD (89.2+ 1.6%,
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P < 0.01;n = 6) and by catalase (83.0+1.6%; P < 0.01; n = 10). All scavengers

used in the present study, diminished the FRGS-induced decrease of thiol
content in the liver tissue.
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Fig. 3. Effects of free radicals scavengers on FRGS-induced reduction of total SH — group content
in the liver homogenate. Control — liver homogenate preincubated without FRGS. Means + SEM,
n = 6—18 in each group. *P < 0.05, **P < 0.01 vs control.

DISCUSSION

This study confirmed the previous observation of Huang et al. (6) that the
generation of free radicals may cause a reduction of extrathyroidal
5’-monodeiodination of T, to T,. The present data indicate that about 54%
decrease in the 5-MD activity, and 53% increase in the TBARS level in the
presence of FRGS, suggest that FR influences the liver 5-MD by inducing the
lipid peroxidation processes. The increased lipid peroxidation in the liver
microsomes might imply the peroxidative breakdown of endoplasmic reticulum
membrane and the alterations in its enzymic, physical and structural changes
(16). Our observation that catalase and SOD inhibited the effect of FRGS on
5-MD by 85—90% indicates that hydrogen peroxide (H,0,) and superoxide
anion (O'_z) may contribute to the reduced 5-MD activity. As thiourea, the
scavenger of the highly active hydroxyl radical, prevented of the 5-MD
inactivation by FRGS in about 90%, it indicates that hydroxyl radicals are
involved in 5-MD inhibition. On the other side it is difficult to explain why
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tert-butanol, the well known OH " scavenger, had no protective effect on
5’-MD inactivation. In studies on the effect of the free radical scavengers on the
humic acid inhibition of the rat liver 5’-MD activity, Huang et al. (17) observed
the 24% and 42% inhibition of the enzyme activity in the presence of 0.15
M tert-butanol and 0.15 M thiourea, respectively. We did not confirm this
observation.

The chain-breaking antioxidants as vitamin E and GSH protected 5-MD
against the FR damage less activity. The better results were obtained in the
presence of Trolox, the water-soluble vitamin E analog. Our earlier results
showed that Trolox, reacting with peroxyl radicals (18), depressed the
iron-ascorbate-dependent peroxidation of lipids in semen plasma (19).

Almost all the antioxidants tested in the present study inhibited the
FRGS-induced lipid peroxidation in the liver homogenate as shown by TBARS
determinations. Cytotoxic aldehydes (e. g. MDA in this paper), was used as an
indicator of free radicals induced lipid peroxidation (20), provide the basis for
the thiobarbituric acid test for measuring lipid peroxidation end product in
body fluids. It cannot be excluded that a marked increase in TBARS level, after
preincubation of liver homogenate with FRGS, and the parallel decrease in
5-MD activity, may be caused by an unknown process (apart from lipid
peroxidation) directly influencing the 5-MD. As it was shown in a pilot
experiment, no effect of MDA (the product of lipid peroxidation), added to the
incubation mixture, on the liver 5-MD activity was observed.

It cannot be excluded that FR may ifluence 5-MD not only by inducing
lipid peroxidation but also by oxidative damage to protein component of the
enzyme (21) or by reduction of thiol cofactors necessary for the enzymatic
iodothyronines deiodination. There is a strong relationship between the
sulfhydryl status of cells, mostly the GSSG to GSH ratio, and the 5-MD
activity (22). We found the positive relationship between total SH group levels
and 5-MD activity in the liver homogenate preincubated with FRGS in the
presence of FR scavengers (r = 0.69; P < 0.05; n = 9). It is possible that active
oxygen radicals, generated by FRGS, inactivate 5-MD at least in part by
oxidazing the SH group to disulfide form which may be further converted to
sulfenic, sulfinic of sulfonic acids.

The role of Zn in the antioxidant defense system in tissues is well known.
The first line of free radical defense system (enzymatic) is CuZnSOD,
responsible for the superoxide anion radical neutralization; the second is the
protection of sulfhydryl groups against oxidation (23). In fact, the inhibitory
effect of FRGS on 5’-MD activity and on SH group contents was diminished in
85.0+2.2 and 80.2+1.6% respectively, by SOD. This confims the eassential
role of SH groups content in 5-MD activity and suggests that the free radicals
influence the enzyme activity (in part of course) by decreasing the thiols
content.
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Sodium selenite restored the 5-MD activity in 75%. As it was established,
the 5’-MD is a selenoprotein with a single selenium molecule as selenocysteine
at its active site (9). Until recently, the role of selenium in metabolism has been
concentrated on the function of glutathione peroxidases (GSH-px) and cell
antioxidant systems involved in the prevention of free radical mediated damage
in cells (24). The discovery of the role for selenium as an essential component of
5-MD (8, 9) has revealed the importance of this element in thyroid hormone
metabolism (25), suggesting that selenium deficiency can decrease T, to T,
convertion in tissues by inhibiting the 5-MD activity. Behne et al. (26)
proposed protein-specific hierarchy whereby proteins other than GSH-px have
priority for selenium over GSH-px and found that under conditions of
selenium depletion, 5°-MD is preferentially supplied with selenium compared to
the cellular GSH-px. The cellular form of GSH-px might even represent an
intracellular storage form of selenium under some conditions (27).
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