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The role of lysosomes in the pathogenesis of the overwhelming majority of diseases of
animals and man has been conclusively proved [3]. Realization of the pathogenetic effect
at the lysosomal level is associated with damage to the membranes of these particles and
the release of their hydrolytic enzymes into the cytoplasm. Accordingly, the quantitative
assessment of the degree of labilization of lysosomal membranes is important, but it is
difficult because of the absence of any direct method of measuring the structural and func-
tional state of lysosomes. Such an evaluation is done indirectly by determining the balance
between different forms of acid hydrolases which are markers for this organelle [2]. The
relative percentage of the nonsedimented form of enzyme activity relative to the total is
regarded as a measure of integrity of lysosomes. The temperature of the incubation medium,
in particular, is used as the harmful factor to be tested. Disadvantages of the method in-
clude the long duration and laboriousness of the analysis, the use of expensive reagents
in short supply, and the low degree of specificity of determination because of differences
in the degreé of thermosensitivity of the enzymes themselves, which makes it difficult to
compare results obtained with different acid hydrolases.

The aim of the present investigation was to develop a method of assessing thermore-
sistance of lysosomes isolated from animal tissues which will be free from the disadvantages
mentioned above.

EXPERIMENTAL METHOD

Intact noninbred albino rats weighing 120-180 g, deprived of food for 48 h, were used.
The animals were decapitated, the liver was removed and washed in ice-cold physiological
saline, moisture was removed with filter paper, all connective-tissue was carefully re-
moved, and the material was weighed. A homogenate was prepared in the ratio of 1:10 (weight
of tissue to volume of homogenization medium). Homogenization was carried out in a Potter-
Elvehjem glass homogenizer with Teflon pestle (gap 0.21 mm) for 90 sec at 1200 rpm in 0.33
M sucrose solution, pH 7.4, containing 1 mM EDTA. The lysosome-rich fraction was obtained
by differential centrifugation [8] and resuspended in 0.7 M sucrose solution, pH 7.0, in
the ratio of 1:0.2 (wet weight of tissue to volume) up to a concentration of lysosomal pro-
tein of 5 mg/ml, and it was stored at 0-4°C and used as the initial suspension.

Structural integrity of the lysosomes was judged from absorbance of the lysosomal sus-
pension [5]. The initial suspension was added to a solution of 0.7 M sucrose, pH 7.0, with
1 mM EDTA, previously heated to the assigned temperature, in the ratio of 1:100-150 (v/v),
so that the initial extinction value was about 0.4. This value was taken as 100% absorbance.
The degree of destruction of the lysosomes was expressed as a percentage of this initial
value. Changes in extinction were recorded continuously during 5 min of incubation in a
constant-temperature cuvette {1 cm) at 520 nm on a Beckman (USA) recording spectrophotometer
under programed control. The control sample contained the same components except lysosomes.
The rate of destruction of the lysosomes was measured as the rate of decrease of optical
density at 520 nm (AA;,,/min) under programed control, during incubation of the samples under
the same conditions but for 1 min. Values of incubation medium temperature were assigned
over the range from 10 to 50°C.
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Fig. 1. Initial serial trace of change in A,,, of
suspension of intact lysosomes depending on incuba-
tion time and incubation medium temperature.
Abscissa, optical density (Ag,,) of suspension of
lysosomes measured at 520 nm {in relative units);
ordinate, incubation time {(in min). 1-6) Samples
incubated at 10.3, 11.4, 20, 30, 37, 45, and 30°C

respectively.
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Fig. 2. Dependence of optical density of suspension of intact
lysosomes on incubation medium temperature at different times
of incubation. Abscissa, incubation medium temperature (in °C);
ordinate, percentage of initial value of A;,,. 1-5) Incuba-
tion.time of samples 1, 2, 3, 4, and 5 min respectively.

Fig. 3. Dependence of rate of destruction of lysosomes on in-
cubation medium temperature and times of keeping initial sus-
pension at 0-4°C. Abscissa, incubation medium temperature (in
°C); ordinate, rate of fall of A,,, expressed in AAg,,/min.
Samples kept at 0-4°C for 16 h (1) and 40 h (2).

EXPERIMENTAL RESULTS

An initial trace of changes in optical density of the lysosomal suspension during in-
cubation under seven temperature programs for 5 min is shown graphically in Fig. 1. Since
initial values of Ag,, for the graphs obtained donot coincide, for convenience of analysis
changes in Ag,, with time were expressed as percentages of their initial value. It will
be clear from Fig. 1 that the process of destruction of lysoscomes under these conditions
was linear in character, at least for 5 min. This is evidence that, within this range, it
is acceptable to use any value of incubation medium temperature to characterize thermo-
resistance of lysosomes. Dependence of the degree of destruction of intact lysosomes on
incubation medium temperature is multiphase in character (Fig. 2). TFor instance, between
0 and 10°C the degree of lysis of lysosomes is relatively small (in 5 min 7% are destroyed).
This process later stabilizes and, despite an increase of temperature from 10 to 30°C, the
increase in the degree of destruction was only 3%Z. The break of the curve occurred at a
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temperature of 37°C. A further increase of temperature causes a sharp increase in the degree
of destruction of the lysosomes and the relationship becomes parabolic in form. This phasic
nature of the relationship was exhibited even more clearly still by dependence of the rate

of destruction of lysosomes {kept at 0-4°C) on incubation medium temperature (Fig. 3).

The relationships characterizing thermoresistance of isolated intact lysosomes, which
we obtained, are thus relatively simple and sufficiently informative. For instance, it
follows from Fig. 1 that the lysosome suspension need only be incubated for 5 min under
the condtions specified at t > 37°C to obtain easily measurable changes in Ag,,. Compared
with the enzymic method, this reduces the total time of analysis from 5-6 h to 30 min. Thermo-
sensitivity of lysosomes can be estimated quantitatively as a percentage of the initial value
of Ag,, (Fig. 2) or relative to the initial rate of destruction of the particles (Fig. 3).

To compare the action of different physicochemical factors on lysosomes in vivo and in vitro,
parameters such as melting temperature (Tm) and half-disintegration time of the lysosomes
(té) also are very convenient. The valueof Tm can be calculated from data in Fig. 2 as the
temperature at which changes in Aj,; amount to 507 of the maximal value, whereas ti can be
calculated from data in Fig. 1 as the time during which the number of lysosomes is reduced
by half. The fact that lysis of lysosomes is a linear function of time shows that quanti-
tative proportions of the components of the incubation medium were correctly chosen. The
presence of a steady-state region on the melting curves (Figs. 2 and 3) between temperatures
of 10 and 30°C is in good agreement with the view that "melting" of lipids does not take
place at a strictly definite temperature, but over a certain temperature range. Character-
istically the most significant changes in structure of lysosomes take place after 5 min in
incubation medium with temperatures over 37°C. This is in good agreement with the positive
therapeutic effect of hyperthermia on tumor tissue and it may be one of the mechanisms of
this action of hyperthermia. In these experiments local heating to 42°C and short-term ex-
posure for between 15 and 60 min were used. The most significant changes in stability of
the lysosomal membranes were observed after 15 min [4]. Longer exposure, as results obtained
by some workers have shown, was ineffective [6], but according to results obtained by others,
changes were not significant [4]. This contradiction is evidently due to technical errors
connected with inactivation by heat of the enzymes used as the research tool. The suggested
method is free from this disadvantage. The results also help to explain the positive action
of antipyretic drugs on the grounds that a general lowering of body temperature stabilizes
the lysosomes and thereby prevents any manifestation of their harmful action. Another
possibility is that, by stabilizing lysosomal membranes under conditions of hyperthermia,
antiinflammatory drugs prevent the development of the inflammatory process [1, 7].

Compared with enzymic methods, this method significantly shortens the time of analysis
and reduces its laboriocusness, it economizes in expensive reagents, and increases the
specificity and universality of determination. Thermoresistance of isolated lysosomes can
be used as an indicator of the structural and functional state and of the degree of the harmful
action of various physicochemical factors on them in vivo and in vitro. Expression of the
change in Ag,, and AA;,./min as a percentage, or the melting temperature {Tm) and half-dis-
integration time (t%) of the lysosomes can be used as meaure of this action.
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