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Plasma and urinary levels of thiobarbituric acid reactive substances (TBAR) were determined in 24
hyperthyroid patients, 19 hypothyroid subjects, 35 controls, and 17 hyperthyroid patients before and after
propylthiouracil (PTU) treatment (400 mg/day for 2-3 months), as indexes of lipid peroxidation. These
measurements were carried out together with t-butyl hydroperoxide (t-BHP)-induced oxygen uptake and
visible chemiluminescence in erythrocytes as functional tests related to the antioxigenic capacity of cells.
Hyperthyroid patients exhibited increased levels of plasma and urinary TBAR compared to controls.
Erythrocyte suspensions from hyperthyroid patients showed, compared to controls, higher rates of oxygen
consumption with shorter induction periods upon addition of t-BHP, together with 142% and 75%
increases in basal and t-BHP-induced chemiluminescence, respectively. Levels of TBAR in untreated
hyperthyroid patients in plasma (16.2 + 1.3 pmol/mg of protein) and urine (15.9 + 1.5nmol/mg of
creatinine) were decreased after PTU treatment (Plasma, 9.5 + 0.7, p < 107, urine, 7.8 + 0.9,
P < 107%) to values not significantly different from those of the control group (plasma, 10.3 + 0.6; urine,
7.9 + 0.7). Compared to control, elevated rates of oxygen uptake induced by t-BHP, basal and t-BHP-
induced chemiluminescence in erythrocyte suspensions from untreated hyperthyroid patients were reverted
to normal by PTU, while decreased induction period (T,) values were enhanced. Determination of these
lipid peroxidative parameters in hypothyroid patients revealed no significant changes over control values,
excepted t-BHP-induced chemiluminescence in erythrocytes that was diminished.

These data indicate that hyperthyroidism is associated with a pro-oxidant condition characterized by an
enhancement in circulating and urinary lipid peroxidative indexes, which is suppressed by PTU treatment.
It is suggested that this condition might reflect an oxidative stress at cellular level in tissues which are target
for thyroid hormone action with a calorigenic response.
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INTRODUCTION

Thyroid calorigenesis in vertebrates is a functional state characterized by a significant
increment in the basal metabolic rate, which is related to an enhancement in the rate
of oxygen consumption of various target tissues including the liver'?. Thyroid hor-
mone-induced hepatic respiration seems to be primarily linked to active cation
transport via sodium-potassium pump adaptation, coupled to higher rates of mitoch-
ondrial oxidative phosphorylation**. In addition to this view, recent studies by our
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group have pointed out that the calorigenic effect of T, on the liver is accompanied
by a respiratory component involving the univalent reduction of oxygen at the
microsomal level’. In fact, T; treatment resulted in increased rates of superoxide
radical (O3) generation by rat liver microsomal fractions, concomitant with an
enhancement in the activity of NADPH oxidase, an enzymatic activity known to be
associated with O3 production®. Oxygen-related free radicals can readily initiate the
process of lipid peroxidation®, in agreement with the increases in the thiobarbituric
acid reactive substances (TBAR) content and the spontaneous chemiluminescence
found in the liver of T,-treated rats’. Lipid peroxidation is an oxygen-dependent and
highly destructive process that is able to alter a number of essential biomolecules,
with the concomitant loss of biochemical functions of cells and their structural
integrity’. From this point of view, this process has been considered as a major
mechanism of liver injury caused by several xenobiotics and has been observed to be
associated with various genetic and acquired diseases®®.

In view of these observations, the present work was undertaken in order to
evaluate: a) the lipid peroxidative status of subjects with thyroid dysfunction, as an
indication of oxidative stress at the cellular level related to changes in metabolic
activity, and b) the influence of the antithyroid agent propylthiouracil (PTU) on the
oxidative status of hyperthyroid patients. For this purpose, TBAR levels were deter-
mined in plasma and urine samples from hyperthyroid patients and were compared
to those found in euthyroid subjects and in a hypothyroid group. TBAR determina-
tions were carried out together with measurements of t-butyl hydroperoxide (t-BHP)-
induced oxygen uptake and visible chemiluminescence in erythrocyte suspensions,
indexes known to be related to both the lipid peroxidative rate and the antioxygenic
capacity of cells"®. These indexes were also measured in a hyperthyroid group before
and after treatment with PTU.

MATERIALS AND METHODS

Patients

This study comprised 78 subjects (73 women and 5 men) referred to the Unit of
Endocrinology of the San Juan de Dios Hospital, Santiago, between 1985 and 1986.

TABLE I
Serum T;, T, and TSH levels in hypothyroid patients, hyperthyroid patients before and after propyl-
thiouracil (PTU) treatment, and control subjects*

T, T, TSH
(ng/dl) (ug/dD) (#U/mi)
A.-- Control group 1312 £ 54 (33) 9.0 + 0.3 (34) 2.8 + 0.2(28)
Hypothyroid patients N.D.* 33 + 0.6 (18) 257 + 28(19)
Hyperthyroid patients 3253 £ 376 (24) 17.0 + 1.0 (24) 1.4 £ 0.2 (19)
B.- Hyperthyroid patients
before PTU treatment 359.0 £ 50.1 (17) 179 £ 13(17) N.D.*
Hyperthyroid patients
after PTU treatment 139.0 + 19.7 (17) 7.2 + 0.8(17) N.D.*

*Results are expressed as means + SE with the number of sujects in parentheses. Hyperthyroid patients
in (B) were studied before and after treatment with 400 mg of PTU/day for 2-3 months. Normal ranges
in the authors’ laboratory are: 65-185ng/dl for T,, 4.5-11.5 ug/dl for T,, and 0.9-5.5 xU/ml for TSH.

*N.D. not determined.
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Ages ranged from 18 to 80 years with an average of 42. Subjects with cardiac failure,
thyroid storm or prestorm, hemolytic anemia, immunologic alterations, previous
hepatic disease or positive HBsAg, drug hypersensitivity, alcohol or drug abuse
history, cigarette smoking, and any other concomitant disease, were not included. A
complete clinical history, a physical examination and laboratory tests, including
serum levels of T,, T, and TSH were performed. Serum T;, T, and TSH levels were
determined with RIA kits (Amersham, Arlington Heights,IL, USA) in samples from
each subject run in duplicate. Intra-assay variation was 3.2% at 3.1 ug/dl and 3.3%
at 13.5 pg/dl for T,, 3.7% at 33 ng/dl and 2.5% at 290 ng/dl for T, 4% at 2.0 uU/ml
and 4.5% at 18.1 yU/ml for TSH. Between-assay variation was 4.0% for T,, 4.2% for
T;, and 7.1% for TSH. The assay sensitivity limit was 2.1 ug/dl for T,, 9.0ng/dl for
T;, and 0.5 uU/ml for TSH. Subjects were classified as hypothyroid (n = 19), hyper-
thyroid (n = 24) or euthyroid (n = 35) (control group) according to clinical criteria
and their respective hormones levels in serum (Table I). From the initial hyperthyroid
group (n = 24), a second evaluation was carried out in 17 patients after PTU
treatment (40 mg/day for 2-3 months) (Table I); the antithyroid agent was with-
drawn at least 16 h before sampling (PTU half-life of 2h)°An informed consent was
obtained from all subjects and the investigation was approved by the Committee of
Ethics, Culture and History of the Faculty of Medicine, University of Chile.

Lipid peroxidative indexes

Blood and urine samples were obtained on admission and were processed immediate-
ly. Blood samples were obtained with heparinized syringes and the cell count was
determined. Plasma was obtained by centrifugation of blood aliquots at 2500 x g for
10 min at 4°C and its protein content was measured'®. Urine was collected under
standard conditions, centrifuged at 3000 x g for 10min at 4°C and the creatinine
content was determined''. For the measurement of TBAR in plasma and urine, 1 ml
of sample was deproteinized with 30% w/v trichloroacetic acid prior to color develop-
ment with 0.67% w/v thiobarbituric acid and measurement at 535 nm'2. Results are
expressed as amount of TBAR per mg of plasma or per mg of creatinine.

Blood samples were diluted 1:450 with a solution containing 140 mM NaCl and
10mM sodium phosphate buffer pH 7.4 for the determination of t-BHP-induced
oxygen uptake and chemiluminescence’®. Oxygen consuption was measured polaro-
graphically" in 5ml of erythrocyte suspensions at 37°C as shown in Figure 1A. The
relevant parameters to be analyzed are the induction period (T,), after addition of
0.75mM t-BHP, and the initial rate of oxygen consumption that follows it (Figure
1A). Measurements of visible chemiluminescence in 5 ml of red blood cell suspensions
were performed in a Beckman LS-3150P liquid scintillation counter in the out-of-
coincidence mode at 25°C™ as presented in Figure 1B. Readings were taken every
0.35 min for the determination of backgrounds (vials alone) or the light emitted by
the cell suspensions without additions (basal chemiluminescence) (Figure 1B). After
the addition of 0.75 mM t-BHP, readings were taken every 5.15min until maximal
light emission was elicited (t-BHP-induced chemiluminescence) (Figure 1B). Results
obtained are expressed as cpm/10° cells.

All chemicals used were obtained from Sigma Chemical Co. (St. Louis, MO, USA).
Results are expressed as means + SE. When groups were compared Studient’s t-test
for unpaired data was used. Analysis of correlations were carried out on the prepro-
grammed Monroe 1930 statistic calculator (Ditton Industries, Morristown, N.J.,
USA).
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TABLE II
Plasma and urine content of thiobarbituric acid reactive substances (TBAR) and functional tests related
to the antioxygenic capacity of erythrocytes, in samples from patients with thyroid dysfunction and control
subjects*

Control Hypothyroid Hyperthyroid
group patients patients
Parameters (n = 35) (n = 19) (n = 24)
A.- TBAR
Plasma (pmol/mg of protein) 10.3°+ 0.5 94 + 0.8 153 + 1.2°
Urine (nmol/mg of creatinine) 79 + 0.7 83 + 0.6 173 + 2.0¢
B.- Functional tests
t-BHP-induced oxygen uptake®* 322+ 15 287 £ 1.7 557 £ 2.7*
(nmol/10¢ cells/h)
Induction time (T,) 5.5+ 04 52+ 02 3.5 +0.2°
(min)
Basal chemiluminescence 60 + 8 48 + 9 145 + 107
(cmp/10° cells)
t-BHP-induced chemiluminescence* S97 + 62 391 + 44¢ 1046 + 113¢

(cpm/10° cells)

*Results are expressed as means + SE with the number of subjects in each group in parentheses.
Significance studies with respect to the control group: *P < 107%,*P < 1074, °P < 0.001, ‘P < 0.05.

* Oxygen uptake and chemiluminescence were induced by 0.75mM t-butyl hydroperoxide (t-BHP), as
shown in Figure 1.

RESULTS AND DISCUSSION

Data presented in this work indicate that hyperthyroidism is associated with a
pro-oxidant condition characterized by an elevation of lipid peroxidative indexes. In
fact, hyperthyroid patients exhibited higher plasma and urinary TBAR levels than
controls (Table ITA), an index considered to represent breakdown products of cellular
polyunsaturated fatty acids undergoing free-radical oxidation’, Plasma TBAR levels
were significantly correlated with those of serum T, in the whole group (r = 0.50;
P < 107%); however, no correlation was found between these parameters in the
hyperthyroid group. This would indicate that the magnitude of the elicited oxidative
stress does not depend on the severity of hyperthyroidism. TBAR measurements in
plasma and urine were carried out together with functional tests related to the
free-radical reactions of lipid peroxidation, assayed in erythrocyte suspensions (Fig-
ure 1). When exposed to t-BHP, red blood cells consume oxygen after an induction
period (T,) (Figure 1A) and emit visible light (Figure 1B), processes set in by free
radicals arising from the scission of the hydroperoxide by hemoglobin™®. In this
system, T, is related to the intracellular protective antioxidant mechanisms®'’ while
oxygen uptake is attributed to lipid peroxidation because of its suppression by
free-radical scavengers® and the anaerobic nature of the erythrocyte metabolism. Data
shown in Table IIB strongly suggest that erythrocytes from hyperthyroid patients are
more susceptible to t-BHP-induced oxidative stress than those of control subjects.
This view is supported by the lower T, values found, in addition to the enhanced rates
of oxygen consumption and chemiluminescence induced by t-BHP (Table IIB), which
were found to be significantly correlated (r = 0.49; P < 107%), Basal chemilumine-
scence exhibits a similar tendency (Table IIB). Photoemission is related to the free-
radical oxidation reactions of lipid peroxidation and is due to the decay of the excited
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species, formed in the process, to ground state’®. In agreement with these findings,
hyperthyroidism has been shown to be associated with a significant enhancement in
red blood cell glucose-6-phosphate dehydrogenase'’” and catalase'® activities com-
pared to control values. These alterations can be interpreted as adaptive mechanisms
against thyrotoxicosis-induced oxidative stress, condition which might result in shor-
tened half lives of erythrocytes' and associated erythropoiesis stimulation®.

The contention that the lipid peroxidative status of subjects is influenced by their
thyroid gland activity is further supported in this work by the studies in hyperthyroid
patients before and after PTU treatment, which elicited a reduction of serum T; and
T, levels to values comparable to those in the control group and within normal ranges
(Table I). In fact, PTU was found to suppress the oxidative stress observed in
hyperthyroidism, as it completely reversed the increased circulating and urinary
TBAR levels (Figure 2) and the lipid peroxidation-related functional tests (Figure 3)
to control values, with serum levels of T; (r = 0.51; P < 0.005) and T, (r = 0.60;

Plasma TBAR : Urinary TBAR
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FIGURE 2 Plasma and urine content of thiobarbituric acid reactive substances (TBAR) in hyperthyroid
patients before (B) and after (A) PTU treatment (400 mg/day for 2-3 months) and control subjects.
Individual (®) and means + SE (O) values in hyperthyroid patients (n = 17) are shown, with shaded areas
representing means + SE for control subjects (n = 35) (Table IIA). Significance calculated by comparing
hyperthyroid patients before and after PTU treatment: P < 10~* (plasma TBAR), P < 10~° (urinary
TBAR). All values in untreated hyperthyroid patients were significantly different from control values
(P < 107*), while those in hyperthyroid patients treated with PTU and controls were comparable
(P > 0.05).
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(A Oxypen uptaks © Basal chemiuminescence
100 i o :

;

@ t-BHP-induced
chemilumnescence

'Y A » {al

FIGURE 3 Oxygen uptake and its induction period (T,), basal and t-butyl hydroperoxide (t-BHP)-
induced chemiluminescence (CL) in erythrocyte suspensions from hyperthyroid patients before (B) and
after (A) PTU treatment (400 mg/day for 2-3 months) and control subjects. Individual (®) and mean + SE
(O) values in hyperthyroid patients (n = 17) are shown, with shaded areas representing means + SE for
control subjects (n = 35) (Table I1B). Significance calculated by comparing hyperthyroid patients before
and after PTU treatment: P < 107* (t-BHP-CL), P < 10~° (oxygen uptake), P < 107° (T, and bas-
al-CL). All values in untreated hyperthyroid patients were significantly different from controls (P < 1073),
while those in hyperthyroid patients treated with PTU and controls were comparable (P > 0.05).
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P < 0.001) being correlated with the respective plasma TBAR levels in patients
before and after PTU treatment. Moreover, the adaptive response to thyroid hor-
mone-induced oxidative stress, represented by increased catalase activity in eryth-
rocytes from hyperthyroid patients, diminished in parallel with serum levels of thyroid
hormones during antithyroid therapy with thiamazole'. The suppressive effect of
PTU on the lipid peroxidative status observed in hyperthyroidism could primarily be
ascribed to the attainment of the euthyroid state. This can be achieved through the
ability of PTU to reduce thyroid gland activity by inhibition of thyroid hormones
synthesis and/or by a diminution in the peripheral deiodiantion of T, into T;.* Thus,
the oxygen demand of target tissues will decrease ' with the consequent diminution
of oxygen utilization in reactions generating active species (O3, H,0, and HO')?,
which initiate lipid peroxidation, or in the process itself*5'¢. Alternatively, PTU can
directly act through two mechanisms of action. Firstly, PTU can substitute for
reduced glutathione (GSH) as a substrate in glutathione-S-transferase catalyzed
reactions®. This would lead to a GSH-sparing effect together with an elevation in the
intracellular content of the tripeptide over baseline levels, as found in rat liver”®. An
enhanced availability of GSH at cellular level would imply an increased antioxidant
capacity, as GSH participates in the catabolism of toxic hydroperoxides formed in
lipid peroxidation®* and can act as a direct free-radical scavenger®. In line with this
view, a T, (After PTU)/T, (Before PTU) ratio of 2.00 + 0.19 (n = 17) is obtained in
erythrocyte suspensions supplemented with t-BHP (from data in Figure 3). This
indicates the relative increase in the duration of the lag phase under the influence of
PTU treatment and reflects a greater resistance of erythrocytes to lipid peroxidation.
Secondly, PTU has recently been reported to exert a direct inhibitory effect on oxygen
radical formation in human neutrophils, at therapeutic concentrations®. Similar
findings were reported for methimazole, the active metabolite of the antithyroid drug
carbimazole, assessed in resting and stimulated monocytes” .

The assessment of the lipid peroxidative status in hypothyroid patients revealed no
significant changes in the measured indexes compared to controls, with the exception
of t-BHP-induced chemiluminescence in erythrocyte suspensions that was decreased
(P < 0.05) (Table II). Since lipid peroxidation is related to oxygen metabolism of
tissues>**, which, in turn, is known to be correlated to the basal metabolic rate (BMR)
of the individual’, the lack of significant reduction in the lipid peroxidative status in
hypothroidism probably reflects an impairment of other biochemical processes which
contribute to lipid peroxidation, in addition to changes in BMR.

In conclusion, human hyperthyroidism was found to be associated with an enhan-
ced lipid peroxidative status which was suppressed by PTU treatment. This state
might reflect an oxidative stress at cellular level, particularly in tissues which are target
for thyroid hormone action with a calorigenic response, such as the liver*®. An
increased lipid peroxidation could conceivably play a role in the diminution of liver
GSH levels® and in the development of non specific histological hepatic changes and
alterations in liver laboratory tests described among hyperthyroid patients®*. Fur-
thermore, thyroid hormone-induced oxidative stress could lead to an enhanced
susceptibility of the liver to exogenous or endogenous aggresion involving a free-radi-
cal mediated mechanism. This view is supported by studies showing an increased
sensitivity of the liver to anoxia®, chloroform™ or carbon tetrachloride® in experi-
mental hyperthyroidism, with PTU exerting a protective effect against acetaminoph-
en?* or experimental alcohol-induced hepatotoxicity in the euthyroid rat*.

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by University of Illinois Chicago on 11/02/11
For personal use only

LIPID PEROXIDATION IN HYPERTHYROIDISM 9

Acknowledgements

This work was supported by Grant B-1860 from the Departamento Técnico de Investigacion, Universidad
de Chile. The authors are greteful to Drs. N. Vargas, F. Ruiz and V. Fernandez for discussion and advise;
to J. Pacheco, Y. Carridn, A. Parraguez, T. Castillo, C. Almeyda and F. Gonzalez for technical assistance,
and to R. Garrido for secretarial assistance.

References
1. Barker, S.B. Mechanism of action of the thyroid hormone. Physiol. Rev.,31,205-243, (1951).
2. Fernandez, V., Barrientos, X., Kipreos, K., Valenzuela, A. and Videla, L.A. Superoxide radical

11.

12,
13.

14.

18.

19.

20.

21.

22
23.

generation, NADPH oxidase activity, and cytochrome P-450 content of rat liver microsomal fractions
in an experimental hyperthyroid state: relation to lipid peroxidation. Endocrinology, 117, 496-501,
(1985).

Ismail-Beigi, F. and Edelman, 1.S. Mechanism of thyroid calorigenesis: role of active sodium trans-
port. Proc. Nat. Acad. Sci. USA, 67, 1071-1078, (1970).

Haber, R.S. and Loeb, J.N. Early enhancement of passive potassium efflux from rat liver by thyroid
hormone: relation to induction of Na, K-ATPase, Endocrinology, 115, 291-297, (1984).

Kappus, H. Lipid peroxidation: mechanisms, analysis, enzymology and biological relevance, in
Oxidative Stress (H. Sies, ed), Academic Press, London, (1985) pp.273-310.

Videla, L.A. and Valenzuela, A. Alcohol ingestion, liver glutathione and lipoperoxidation: metabolic
interrelations and pathological implications. Life Sci., 31, 2395-2407, (1982).

Videla, L.A., Villena, M 1., Donoso, G., de la Fuente, J. and Lissi, E. Visible chemiluminescence
induced by t-butyl hydroperoxide in red blood cell suspensions. Biochem. Intern., 8, 821-830, (1984).
Lissi, E., Franz, R., Cabezas, J., Fernandez, V. and Videla, L.A. Effects of antioxidants and haemog-
lobin status on the t-butyl hydroperoxide-induced oxygen uptake by red blood cells. Cell Biochem.
Funct., 4, 61-68, (1986).

Marchant, B., Lees, J.F.H. and Alexander, W.D. Antithyroid drugs. Pharmacol. Ther., 3, 305-348,
(1978).

Lowry, O.H., Rosenbrough, N.J., Farr, A.L. and Randall, R.J. Protein measurement with the Folin
phenol reagent. J. Biol. Chem., 193, 265-275, (1951).

Faulkner W.R. and King, J.W. Creatine and creatinine, in Fundamental of Clinical Chemistry (N.W.
Tietz, ed), W.B. Saunders & Co., Philadelphia, (1976) pp.994-999.

Buege, J.A. and Aust, S.D. Microsomal lipid peroxidation. Methods Enzymol., 52, 302-310, (1978).
Estabrook, R.W. Mitochondrial respiratory control and polarographic measurements of ADP/O
ratios. Methods Enzymol., 10, 41-47, (1967).

Videla, L.A. Assessment of the scavenging action of reduced glutathione, (+ )-cyanidanol-3 and
ethanol by the chemiluminescent response of the xanthine oxidase reaction. Experientia, 39, 500-502,
(1983).

Bartoli, G.M., Miiller, A., Cadenas, E. and Sies, H. Antioxidant effect of diethyldithiocarbamate on
microsomal lipid peroxidation assessed by low-level chemiluminescence and alkane production. FEBS
Lett., 164, 371-374, (1983).

Cadenas, E. Oxidative stress and formation of exicted species, in Oxidative Stress (H. Sies, ed),
Academic Press, London, (1985) pp. 311-330.

Pearson, H.A. and Druyan, R. Erythrocyte glucose-6-phosphate dehydrogenase activity related to
thyroid activity. J. Lab. Clin. Med., 57, 343-347, (1961).

Kurasaki, M., Saito, T., Kaji, H.. Kojima, Y. and Saito, K. Increased erythrocyte catalase activity
in patients with hyperthyroidism. Horm. Metab. Res., 18, 56-59, (1986).

McClellan, J.E., Donegan, C., Thorup, O.A. and Leawell, B.S. Survival time of the erythrocyte in
myxedema and hyperthyroidism. J. Lab. Clin. Med., 51, 91-96, (1958).

Das, K.C., Mukherjee, M., Sarkar, T.K., Dash, R.J. and Rastogi, G.E. Erythropoiesis and eryth-
ropoietin in hypo- and hyperthyroidism. J. Clin. Endocrinol. Metab., 40, 211-220, (1975).

Green, W.L. Mechanisms of action of antithyroid compounds, in The Thyroid: A Foundamental and
Clinical Text (S.C. Werner and S.H. Ingbar, eds), Harper and Row, New York, (1978), 4th edn., pp.
77-87.

Yamada, T. and Kaplowitz, N. Propylthiouracil: a substrate for the glutathione-S-transferases that
competes with glutathione. J. Biol. Chem., 255, 3508-3513, (1980).

Lindscheer, W.G., Raheja, K.L., Cho, C. and Smith, N.J. Mechanism of the protective effect of

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by University of Illinois Chicago on 11/02/11
For personal use only

10

24.

25.

26.

27.

28.
29.
30.
31
32.
33.

34

35.

L.A. VIDELA, T. SIR AND C. WOLFF

propylthiouracil against acetaminophen (Tyrenol) toxicity in the rat, Gastroenterology, 78, 100-107,
(1980).

Chance, B., Sies, H. and Boveris, A. Hydroperoxide metabolism in mammalian organs. Physiol. Rev.,
59, 527605, (1979).

Kosower, N.S. and Kosower, E.M. The glutathione status of cells. Intern. Rev. Cytol., 54, 109-160,
(1979).

Imamura, M., Aoki, N., Saito, T, Ohno, Y., Maruyama, Y., Yamaguchi, J. and Yamamoto, T.
Inhibitory effects of antithyroid drugs on oxygen radical formation in human neutrophils. Acta
Endocrinol., 112, 210-216, (1986).

Weetman, A.P., Holt, M.E., Campbell, A.K., Hall, R. and McGregor, A.M. Methimazole and
generation of oxygen radicals by monocytes: potential role in immunosuppression. Brit. Med. J., 288,
518-520, (1984).

Marzoev, A.l, Kozlov, A.V., Andryuschenko, A.P. and Vladimirov, Y.A. Activation of lipid
peroxidation in liver mitochondria of hyperthyroid rabbits, Bull. Exp. Biol. Med., 93, 269-272, (1982).
Sir, T., Wolff, C., Soto, J.R., Pérez, G. and Armas-Merino, R. Relationship between hepatic levels
of glutathione and sulfobromophthalein retention in hyperthyroidism, Clin. Sci., 73, 235-237, (1987).
Szilagyi, A., Lerman, S. and Resnick, R.H. Ethanol, thyroid hormones and acute liver injury: is there
a relationship? Hepatology, 3, 592-600, (1983).

Mclver, M.A. and Winter, E.A. Deleterious effects of anoxia on the liver of the hyperthyroid animal.
Arch. Surg., 46, 171-185, (1943).

Mclver, M.A. Increased susceptibility to chioroform poisoning produced in the albino rat by the
injection of cristalline thyroxine. Proc. Soc. Exp. Biol. Med., 45, 201-206, (1940).

Calcert, D.N. and Brody, T.M. The effects of thyroid function upon carbon tetrachloride hepatotoxic-
ity. J. Pharmacol. Exp. Ther., 134, 304-310, (1961).

Yamada, T., Ludwig, S., Kuhlenkamp, J. and Kaplowitz, N. Direct protection against acetaminoph-
en hepatotoxicity by propylthiouracil: in vivo and in vitro studies in rats and mice, J. Clin. Invest.,
67, 688-695, (1981).

Israel, Y., Kalant, H., Orrego, H., Khanna, J.M., Videla, L. and Phillip, J.M. Experimental alcohol-
induced hepatic necrosis: suppression by propylthiouracil, Proc. Nat. Acad. Sci. USA, 72, 1137-1141,
(1975).

Accepted by Prof. H. Sies

RIGHTS

i,



