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SUMMARY

The effect of daily doses of 0.1 mg 3,3’ 5-trilodothyronine (T3)/kg for three consecutive days on hepatic
O, uptake was studied in the isolated perfused rat liver, in the absence and presence of the antioxidants
desferrioxamine (DFO) and allopurinol (A). T; treatment elicited a thermogenic condition in the animals,
together with a 25% increase of total O, consumption by the liver, which is inhibited by 0.5 mM DFO or
1 mM A. The antioxidant-sensitive respiration is enhanced by 62-64% by T; over control values and
represents 16-25% of the net increase in O, uptake elicited by the hormone treatment. The respiratory
components suppressed by the antioxidants are suggested to represent O, equivalents related to T;-induced
oxidative stress, and correlate with elevated rates of fractional lactate dehydrogenase efflux from the
perfused livers.

INTRODUCTION

The liver tissue is one of the target organs for thyroid hormone action leading to an
enhanced respiratory rate [1]. This calorigenic response of the liver has been shown to
be associated with increased electron fluxes through microsomal [2], mitochondrial
[3] and peroxisomal [3] electron transport systems, with the respective increases in
superoxide radical (O7) and/or hydrogen peroxide (H,0,) production. The toxicologi-
cal relevance of these findings is strengthened by the significant enhancement in he-
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patic lipid peroxidation indexes [2,4-6], parameters related to the development of cell
injury at the membrane level by oxidative stress [7]. In order to assess the influence of
thyroid hormone on the O, equivalents used in the generation of O,-derived reactive
metabolites in the intact organ, liver O, uptake was measured in the absence and
presence of the antioxidants desferrioxamine (DFO) and allopurinol (A) in the isolat-
ed perfused rat liver, both in control rats and in animals treated with 3,3",5-triiodo-
thyronine (T;).

MATERIALS AND METHODS

Male Sprague-Dawley rats (Instituto de Salud Publica, Santiago) weighing 185-
230 g were fed ad libitum and received daily i.p. injections of either T; (0.1 mg/kg for
three consecutive days) or equivalent volumes of T, diluent (0.1 M NaOH) (controls).
After treatment, serum T levels were measured by the GammaCoat™ ['*’I]T, Radi-
oimmunoassay Kit (Baxter Healthcare Corp., Cambridge, MA) and the rectal tem-
perature was measured with a thermocoupla Cole-Parmer 8112-20 (Cole-Parmer In-
strument Co., Chicago, IL), in animals exhibiting comparable body weights (controls,
215+ 4 (n=28) g; T-treated rats, 203 + 11 (» = 8)) and liver weight/body weight
ratios (controls, 3.46 £ 0.19 (n =8) g liver/100 g body weight; T,-treated rats,
3.62 £ 0.30 (r = 8)).

Livers obtained from rats under Nembutal (50 mg/kg, i.p.) anaesthesia were per-
fused with Krebs bicarbonate buffer [8,9] containing 10 mM glucose, equilibrated
with an O,/CO, mixture (19:1 v/v) to give pH 7.4, at constant flow rates (3.21 = 0.10
(n = 16) ml/g liver/min). Perfusions were carried out at 36-37°C without recirculation
of the perfusate. Livers were allowed to recover from surgery for 15 min, and oxygen
consumption was continuously measured polarographically [10] in the effluent per-
fusate collected via a cannula placed in the vena cava and allowed to flow past a
Clark-type oxygen electrode [8]. After obtaining the basal rate of hepatic O, uptake
in both experimental groups, 0.5 mM DFO or 1 mM A were infused for 15 min as
shown in Figure 1, and perfusions were continued for an extra 10 min to assess the
reversibility of the changes induced by the antioxidants. Lactate dehydrogenase
(LDH) activity [11] in the perfusate was measured every 10 min as integrity parameter
in relation to that found in the tissue, and average values were expressed as fractional
LDH efflux [8,9]. Values shown are means * SE for the number of separate experi-
ments indicated in parentheses. Statistical comparisons were performed by one-way
analysis of variance, using the random model. All chemicals used were obtained from
Sigma Chemical Co. (St. Louis, MO), except for desferrioxamine (Ciba-Geigy, Chile).

RESULTS
Treatment of fed rats with 0.1 mg T,/kg for three consecutive days resulted in a

significant increase in serum T; levels compared to controls (Table I). This was ob-
served concomitantly with elevated rectal temperatures in the animals (Table I), sug-
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gesting a Ts-induced thermogenic condition. T, treatment elicited a significant incre-
ment in the total rate of O, uptake by the liver (25%; P < 0.05) (Fig. 1; Table I),
assessed in perfusion experiments, together with an enhancement in the fractional
rate of LDH efflux from the liver (controls, 0.023 + 0.008 (n = 8) h™!; T-treated rats,
0.166 £ 0.012 (n = 8); P < 0.05). Results presented in Figure 1 show that the addition
of 0.5 mM DFO to the perfused liver from a control rat reduced the O, uptake by 190
nmol/g liver/min, with a mean value of 197 14 nmol/g liver/min (Table I), which
represents 10% of total respiration. Addition of DFO to perfused livers from T,-
treated rats diminished O, consumption by 320 nmol/g liver/min (Table I), represent-
ing a 62% increase in the respiratory component inhibitable by the antioxidant. Simi-
lar results were obtained after the infusion of I mM A to the perfused livers from
control rats and T;-treated animals (Table I). Calculation of the net increase in hepat-
ic respiration elicited by T, treatment, in the absence and presence of DFO or A,
indicates that the enhancement in the respiratory component suppressed by the anti-
oxidants corresponds to 25% (DFO) and 16% (A) of the net increment in liver O,
uptake elicited by the hormone treatment (Table I).

DISCUSSION

Thyroid calorigenesis in the rat resulted in a significant 25% increment in the rate
of hepatic O, uptake, which was partially inhibited by the infusion of either DFO or
A to the perfused liver. These agents exhibit an antioxidant behaviour due to their

TABLE I

SERUM T, LEVELS, RECTAL TEMPERATURE OF THE ANIMALS, AND EFFECTS OF
DESFERRIOXAMINE (DFO) AND ALLOPURINOL (A) ON THE RATE OF OXYGEN CON-
SUMPTION BY PERFUSED LIVERS FROM CONTROL RATS AND T,-TREATED ANIMALS

Parameters Control rats (C) T,-treated rats (T5) AT,—C) %*
Serum T; (ng/dl) 53£2() 320 £ 52 (8)°
Rectal temperature (°C) 37.320.1(8) 38.7+0.1 (8)®

Liver oxygen uptake
(nmol/g liver/min)

No additions (NA) 2030 + 63 (4) 2520 + 102 (4)° 490 + 36 (4)

DFO (0.5 mM) 1833 £ 76 (4) 2200 + 100 (4)°

ANA - DFO) 197 + 14 (4) 320 + 28 (4)° 123 £ 14 (4) 25
No additions (NA) 2080 £ 25 (4) 2607 + 38 (4)° 527+22(4)

A (1 mM) 1950 + 30 (4) 2394 + 27 (4P

ANA - A) 130 £ 12 (4) 213 £ 11 (@) 83+9(4) 16

Fed rats were given 0.1 mg T,/kg i.p., for three consecutive days, or equivalent amounts of T; diluent (0.1

M NaOH) (controls).

“ Percentage of the net increment in O, uptake elicited by T, treatment which is suppressed by the antioxi-
dants. Values represent means + SE for the number of animals indicated in parentheses.

® P < 0.05, compared to control values.
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Fig. 1. Representative study of the effect of desferrioxamine (DFO) (0.5 mM) on the rate of oxygen

consumption by perfused livers from a control (C) (1) and a Ts-treated (daily doses of 0.1 mg/kg for three

consecutive days) (T,) (m) rat. The values shown in the traces correspond to the respiratory component
suppressed by DFO for both experimental animals, in nmol O,/g liver/min.

effective free-radical scavenging activity in biological systems [12,13], in addition to
the powerful iron chelating capacity exhibited by DFO [14] and the inhibition of
xanthine oxidase exerted by A [15]. Furthermore, both agents do not seem to interfere
with mitochondrial energetics, as shown by the lack of effects of DFO on mitochon-
drial oxidative phosphorylation [12] and on the hepatic levels of adenine nucleotides
by A [16]. Thus, the respiratory component suppressed by the studied antioxidants
might represent O, equivalents utilized either in reactive O, metabolites generation, at
the different stages of the lipid peroxidative process, or both, and represents a net
16-25% of the total increment in O, consumption of the liver elicited by T, treatment.
This antioxidant-sensitive respiration observed in the intact liver under the influence
of T, is in agreement with the enhanced rates of O; and H,0, production reported in
subcellular fractions [2,3], and occurred in parallel with elevated fractional rates of
LDH efflux from the perfused livers (correlation between antioxidant-sensitive respi-
ration and LDH efflux, » = 0.85; P < 0.05). The data presented suggest a derange-
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ment of the permeability properties of the plasma membrane of the hepatocyte, which
coincides with the development of an oxidative stress condition [1] imposed by thy-
roid calorigenesis. This prooxidant condition could constitute a major hepatotoxic
mechanism underlying abnormalities of thyroid gland function, which have been
shown to induce liver damage in hyperthyroid patients without congestive heart fail-
ure, described prior to the advent of antithyroid therapy (see Ref. 17). Recent reports
indicate the appearance of mild histological changes in the liver of patients with
Graves’ disease, together with elevated serum alkaline phosphatase and y-glutamyl-
transferase activities [17] and increased sulphobromophthalein retention {18].
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