
not identical, in agreement with what was observed at the crystallization stage, Determina- 
tion of the temperature optimum and thermolahility showed that activity of the "pathological" 
enzyme was reduced at temperatures of above 20~ Under normal conditions at this tempera- 
ture activity increased, to reach a maximum at 40-55~ In atherosclerosis the enzyme was 
more thermolabile: Inactivation began at 60~ in enzyme from unchanged tissue it was ob- 
served at 70~ (Fig. 2). 

Investigation of dependence of FDA activity on pH showed that in atherosclerosis the pH 
optimum was shifted a little toward the acid side: 8.2 under normal conditions, 8.0 for the 
"pathological" enzyme (Fig. 3). 

FDA from muscle tissue in atherosclerosis had lower substrate affinity: The value of 
the Michaelis constant for fructose-l-6-diphosphate increased from 3.4 x 10 -6 to 4.6 x 10 -6 M. 

This paper thus describes the first isolation of FDA in crystalline form from the skele- 
tal muscles of patients with atherosclerosis. The enzyme is characterized by high catalytic 
activity and also by changes in certain physicochemical parameters. 
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If thyroxine is added to medium containing liver mitochondria or homogenates it inhibits 
lipid peroxidation (LPO) in these systems [2, 5, 6, 9, I0]. Since the doses of the hormone 
used in these systems were close to physiological (10-6-10 -7 M) and since the antioxidant ac- 
tivity of the hormone was comparable with the ability of ~-tocopherol to slow the rate of 
LPO processes [2, I0], it was suggested that thyroxine may have a specific function as a nat- 
ural antioxidant [6]. It is not known, however, whether the fall in the thyroid hormone lev- 
el leads to activation of LPO reactions or, conversely, to their inhibition at the expense 
of lipid metabolism. It has been shown that the concentration of a-tocopherol in the serum 
and liver rises in hyperthyroidism [12]. Meanwhile liver homogenates from hyperthyroid ani- 
mals in the course of incubation accumulate products reacting with thiobarbituric acid with 
higher velocities than samples prepared from the liver of normal and hypothyroid animals [13]. 
Acceleration of LPO reactions in fragments of the sarcop!asmic reticulum in hyperthyroid rab- 
bits also was observed by the present writers previously [3]. Direct addition of thyroxine 
or other derivatives of the thyroid gland, moreover, is not always accompanied by inhibition 
of LPO and, on the contrary, it may actually activate LPO, as has been shown in the case of 
isolated erythrocytes [Ii]. Relations between thyroid hormones and LPO are further compli- 
cated by the fact that deiodination of the hormone, considered to be essential for the real- 
ization of its biological activity, is increased when the diet is deficient in vitamin E [8], 
whereas elevation of the body's thyroid levels leads to an increase in the concentration of 
this vitamin in the serum and liver. 
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Fig. i. Chemiluminescence of mitochondria (a) and 
lipids (b) as a function of thyroid hormone concen- 
tration in normal (I) and hyperthroid (2) rabbits. 
a) Incubation medium contained 105 mM KCI, 3.0 mM 
KH2PO4, pH 7.4. Fe ~-~ (time of addition indicated 
by arrow) was added up to a final concentration of 
1.0mM. Protein concentration in measuring cuvette 
i mg/ml. Temperature 28-30~ b) lipid concentra- 
tion i mg/ml. Unlike incubation medium for mito- 
chondria, KH2P04 concentration in liposome suspen- 
sion was 16 mM, Fe ++ concentration 5 • 10 -4 M. 
Scheme of analysis of chemiluminescence shown in- 
side frame: i) latent period of onset of "slow 
flash," T) rise time of "slow flash" with maximal 
velocity, A) amplitude of "slow flash." Abscissa, 
time (in min); ordinate, intensity of chemilumi- 
nescence (in relative units)~ 

In the investigation described below the velocity of LPO reactions initiated by Fe ++ in 
liver mitochondria of rabbits with hyperthyroidism was studied. 

EXPERIMENTAL METHOD 

Rabbits weighing 2.0-3.0 kg were used. Hyperthyroidism was induced by intraperitoneal 
injection of L-thyroxine in a dose of 100-150 ~g/kg body weight daily for 16-21 days. Mito- 
chondria were isolated from a 12% liver homogenate in medium containing 0.25 M sucrose, i0 mM 
Tris buffer, and 1 mM EDTA (pH 7.4). The supernatant obtained after centrifugation (650g, I0 
min) was sedimented (10,000g, 20 min) and rehomogenized in washing medium containing 0.25 M 
sucrose and i0 mM Tris buffer (pH 7.4) and again sedimented. Lipids were isolated from the 
mitochondria by the method of Bligh and Dyer [4]. Chemiluminescence of the mitochon- 
dria and liposomes, reflecting the velocity of LPO reactions, was recorded on a stan- 
dard apparatus [i]. To exclude drift ot the parameters of the apparatus and to standardize 
the conditions, in each series of experiments chemiluminescence of the mitochondria and lip- 
ids of normal and hyperthyroid animals was measured. The preparations mentioned were iso- 
lated from two animals (control and experimental) practically synchronously and under identi- 
cal conditions after sacrifice. The series of chemiluminescence tests include at least 
four pairs of curves of luminescence of mitochondria and the same number for lipids. The 
protein concentration was determined by the biuret reaction. 

EXPERIMENTAL RESULTS 

Typical chemiluminescence curves of mitochondria from normal and hyperthyroid animals 
are illustrated in Fig. la. Compared with preparations from normal animals the mitochondria 
of hyperthyroid rabbits had a shorter latent period of onset of the "slow flash" and a higher 
amplitude of that parameter, evidence of the higher velocity of the LPO reaction of the liver 
mitochondria in hyperthyroidism. It should be noted that in liproprotein structures and, in 
particular, in mitochondria peroxidation reactions depend not only on the physicochemical 
properties of the unsaturated fatty acids composing the lipids, but also on proteins, which 
may affect the rate of oxidation of Fe ++ (the LPO initiator in the system used), thereby in- 
troducing modifications into the course of the process we are discussing. However, it was 
found that in the case of luminescence of lipids isolated from mitochondria, the differences 
observed in the organelles between normal and pathological were still preserved (Fig. ib; 

Table i). 
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TABLE i. Effect of Thyroid State on Latent 
Period and Amplitude of "Slow Flash" in Mi- 
tochondria and Liposomes 

Mitochondria (n = 7)j.IAposomes (n = 4) 
/ 

Parameter nor- hyperthy- nor- hyperthy- 
real roidism mal roidism 

Latent period "slow 100% 85,54-5,2 1 0 0 %  75,2• 
Amplitude of 

flash" 100% 14l ,2+_8,1 1 0 0 %  186,5• 

Legend. Here and in Table 2, values ob- 
tained in preparations of mitochondria and 
lipids of normal animals taken as 100%: ex- 
perimental conditions indicated in caption 
to Fig. I. 

TABLE 2. Dependence of Time of Development 
of "Slow Flash" in Mitochondria and Lipo- 
somes on Body Level of Thyroid Hormones 

Object 

Mitochondria 
Liposomes 

Value of r 

normal 

100% 
100% 

hyperthyroidism 

115,1• 
69,9• 

It can thus be concluded that the ability of mitochondrial lipids to take part in LPO 
reactions is greater in hyperthyroidism than in the normal state. This may be due to an in- 
crease in the index of unsaturated fatty acids, which is observed in rat liver mitochondria 
after administration of thyroid hormones [7]. Meanwhile it can be tentatively suggested that 
intensification of chemiluminescence of mitochondria in hyperthyroidism was~not caused by a 
fall in their antioxidant content. In the latter case the rise time of the "slow flash" (Fig~ 
i, parameter T) is usually shortened. In the present experiments there was a contrary in- 
crease in T, which can be explained by a rise in the antioxidant level (Table 2). This is in 
agreement with data on an increase in the a-tocopherol content in the liver in hyperthyroid- 
ism [12], The volume of T in the liposomes of hyperthyroid rats was much lower than in the 
control (Table 21, possibly due to loss of antioxidant factor during isolation of the lipids. 

An increase in the thyroid hormone concentration thus intensifies LPO in liver mitochon- 
dria, although the mechanism of this prooxidant action of thyroxine (and also, evidently s of 
its metabolic products) is not yet clear. Whatever the explanation, the observed effects of 
hyperthyroidism were not the result of the direct action of thyroxine on mitochondria, as 
Gukasov and Fedorov [2] showed in a model system (mitochondria + thyroxine), for in the pres- 
ent experiments the addition of different concentrations of thyroxine to isolated mitochon- 
dria from the liver of normal animals (3.25 • 10-S-l.6 • 10 -7 mole/mg protein) caused vir- 
tually no change in the kinetics of luminescence (not shown in Fig. I). Consequently, in hy- 
perthyroidism changes take place in the liver mitochondria which facilitate processes of per- 
oxidation of membrane lipids. 
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It was shown previously that the breakdown potential is increased in liposomes and bi- 
layer membranes formed from liver mitochondrial lipids of hyperthyroid rabbits [4]. The val- 
ue of the breakdown potential, reflecting the electrical stability of model membranes, is de- 
termined by the spectrum of phospholipids composing them and the physicochemical characteris- 
tics of the fatty acid chains of these compounds. Thyroid hormones take part in the regula- 
tion of lipid metabolism, and under these circumstances properties of the lipids that are im- 
portant for the value of the breakdown potential are changed [5, 6-9]. It was natural to sug- 
gest that if the electrical stability of the lipid membranes is increased in hyperthyroidism, 
a fall in the value of the breakdown potential ought to be observed in hypothyroidism, as it 
it is in nearly all other cases in which the biological action of thyroid hormones has been 
studied. The investigation described below was devoted to an experimental verification of 
this hypothesis. 

EXPERIMENTAL METHOD 

Rabbits weighing 2.0-3.0 kg were used. Hypothyroidism was induced by thyroidectomy un- 
der pentobarbital anesthesia. Mitochondria were isolated from the liver by the method pre- 
viouslydescribed [i]o Lipids were extracted from the mitochondria by the method of BlighandDyer [6]. 
Liposomeswere obtained by dispersion of the isolated lipids (0.2 mg/ml) in a i0 mM sucrose 
solution (pH 7.0). The value of the breakdown potential of the liposomes and the "aggrega- 
tion parameter," reflecting the negative charge on their surface, were measured by the method 
in [3]. Puchkova, working in the writers' laboratory, has shown that water-soluble lipid per- 
oxidation products formed during aut0oxidation or as a result of UV-irradiation can lower the 
breakdown potential of liposomes. Accordingly, in a series of experiments the antioxidant B- 
ionol was added to all the isolation media of mitochondria and liposomes in a final concentra- 
tion of 0,i ~M, However, no difference could be found in the electrical parameters between 
lipids isolated in media with or without the antioxidant. 

EXPERIMENTAL RESULTS 

Typical curves showing the change in scattering of light by the liposomes on addition 
of potassium acetate are given in Fig. i. The minimum of the curves corresponds to the tran- 
sition from compression of the liposomes in hypertonic medium (a decrease in light transmit- 
tance) to swelling of the liposomes, taking place as a result of electrical breakdown of the 
membranes and entry of electrolyte inside the liposomes [3]. The concentration of potassium 
acetate which induced breakdown of these structures was higher in liposomes formed from liver 
mitochondrial lipids of hypothyroid animals than in the corresponding preparations from nor- 
mal animals.. This increase signifies an increase in the breakdown potential of the liposomes, 
calculated by the method in [3] (Table I). It should be noted that a similar value of the 
breakdown potential of liposomes was observed in hyperthyroid animals also [4]. Changes in 
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