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After trauma, the serotonin content in the hepatocytes increases sharply (eightfold) [2].
On entering the intracellular organelles, serotonin is able to affect the course of various
biochemical processes participating in the realization of protective and adaptive processes
at the cellular level [5, 9]. Since serotonin has an inhibitory action on protein biosynthe-
sis, the study of its effect on subcellular systems which participate in the catabolism of
biopolymers, namely the lysosomal system of the cell, is of definite interest.

This paper describes an attempt to determine the effect of serotonin on the activity of
certain enzymes of rat liver lysosomes and to differentiate between its possible direct actiom
and the action of the stress factor on the functional state of the lysosomal system.

EXPERIMENTAL METHOD

Experiments were carried out on 130 male Wistar rats weighing 250-280 g. Of the 13 groups
of animals (10 rats in each group) the first three were controls: 1) intact animals, 2) rats
receiving serotonin by intraperitoneal injection in a dose of 0.003 mg/kg body weight, 3) ani-
mals to which a vise was applied 15 min after injection of serotonin, and killed 2-3 min later.
Trauma was caused by crushing of the soft tissues of the hind limbs of the rats with a special
vise [6]. To assess the effect of serotonin on the functional state of the lysosomal system
of the liver cells more completely, a modified model of long-term crushing of the soft tissues
was used — the vise was not removed until the end of the experiments, so that the majority of
the traumatized thigh muscles were isolated from the rest of the body. The duration of tissue
traumatization was increased by 30 min in each consecutive series of experiments. The total
duration of traumatization was 5 h. At the end of the period of soft tissue crushing, the rats
were decapitated, blood was immediately collected, the liver removed and carefully washed in
cold physiological saline, after which it was weighed and homogenized in a glass Potter-Elvehjem
homogenizer with Teflon pestle in 0.25M sucrose solution with 0.001M EDTA [8]. All operations
were conducted at a temperature of 0-2°C. Changes in the functional state of the lysosomal
system of the liver cells during crushing of the soft tissues of the rats' hind limbs after in-
jection of serotonin were judged by determination of total and nonsedimented activity of acid
DNase (EC 3.1.4.5), acid RNase (EC 2.7.7.16), acid phosphatase — AcP (EC 3.1.3.2), and aryl
sulfatases A and B (EC 3.1.6.1), and also activity of these enzymes in the blood serum. To
determine total enzyme activity, the liver homogenate was preincubated for 3 min at 37°C in
Triton X-100 in a final concentration of 0.1%. Nonsedimented enzyme activity was investigated
in supernatants obtained after centrifugation of the liver homogenate at 105,000g for 30 min
on a "Superspeed-65" ultracentrifuge (from MSE, England). Activity of the enzymes was deter-
mined in the homogenate of the resulting supernatant and rat blood serum by a spectrophotometric
micromethod [7]. The results were subjected to statistical analysis and Van der Waerden's non-
parametric criterion was used for the evaluation of differences [12].

EXPERIMENTAL RESULTS

The total activity of all lysosomal hydrolases studied 15 min after intraperitoneal in-
jection of serotonin into the rats was found to be significantly reduced in the liver compared
with activity in intact animals (Table 1). The sharpest fall in activity was found with acid
phosphatase and aryl sulfatases A and B (by 62 and 48%, respectively). After injection of
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TABLE 2. Nonsedimented Activity of Lysosomal Enzymes in Liver (in % of total activ-
ity) at Different Times after Crushing Soft Tissues of Rats Treated with Serotonin

Enzyme Intact animals | COPtrol with | Fixation with Duration of crushing, h
serotonin vise (2-3 min) 1, 1 13/,
DNase 14,14-0,7 27,64-0,5* 28,4+0,6% 27,9-+0,5% 28,14:0,7* 26,14-0,8
RNase 9,56+0,8 9,9-+0,6 10,24:-0,7 10,0+4-0,6 9,94:0,7 9,84-0,4
AcP 6,74-0,2 12,94-0,4* 13,14-0,5* 13,02-0,6* 13,2+0,8* 13,44-0,7*
Aryl sulfatases A and B 1,520,1 4,4+4-0,7% 5,6-+0,4*% 5,414:0,2% 6,00,4* 5,9+ 0,6*
E‘nzym,: Duration of crushing, h
p) 91/, 3 31/, 4 41/, 5
RDl\l}Iase 26,6+0,3* | 26,70,8% | 24,54-0,6% | 25,140,4* | 26,04-0,7¢ | 24,84-0,5* | 24,640,7%
A gsc 9,44-0,7 9,6-+0,4 9,9+ 0,5 9,4-+0,7 10,0+-0,6 10,04-0,7 10,1--0,8
AC | sulfatases A 13,04-0,6* | 11,54-0,8* | 11,2+0,4* | 11,340,7¢ | 11,84-0,6* | 12,0+0,8* | 12,14-0,6%
ryl sulfatases A and B 5,4+0,1% 6,0+0,7% 5,7+0,6% 5,8-4-0,2% 6,1+0,9*% 6,2+0,8* 6,02:0,7%

serotonin, the permeability of the lysosomal membranes in the liver increased, incidentally,
as shown by the substantial rise in nonsedimented AcP and DNase activity (Table 2).

Short-term application of the vise to the rats' limbs (for 2-3 min) after preliminary in-
jection of serotonin caused a marked increase in total activity of acid DNase, acid RNase, AcP,
and aryl sulfatases A and B in the liver (by 150, 65, 37, and 164%, respectively) compared with
the activity of these enzymes in rats receiving serotonin without traumatization, whereas the
level of nonsedimented activity of all the enzymes except AcP was raised a little. The level
of acid DNase and AcP activity in the blood.serum (Table 1) was more than doubled, whereas ac~-
tivity of aryl sulfatases A and B amounted to 1327% of their activity in the blood serum of in-
tact animals.

It can thus be concluded that even short—-term traumatization of the tissues is accompanied
by active release of lysosomal hydrolases into the systemic circulation. In this connection,
the regulatory role of serotonin in the mechanism of secretion of lysosomal enzymes intc the
extracellular medium cannot be ruled out.

The results are evidence that 30 min after compression of the soft tissues of the rat
thigh after administration of serotonin, the total activity of acid nucleases in the liver was
reduced, whereas the AcP level was substantially increased, and activity of aryl sulfatases A
and B remained the same as in rats receiving serotonin alone. 1In the subsequént periods after
trauma (1-5 h) total activity of all enzymes tested in the liver rose progressively, and toward
the 5th hour of tissue crushing it was 1.5-2 times higher than in the control animals. The in-
crease in acid nuclease activity found in the liver was evidently connected with a decrease in
the degree of their involvement in nucleotide degradation, for an increase in the serotonin
content in hepatocytes leads to a decrease in their content of DNA and RNA and in the inten-
sity of protein synthesis [4, 11].

Under the influence of serotonin, destabilization of the lysosomal membranes was more
marked in the early stages of traumatization (Table 2). In particular, in the period from
30 min to 2 h 30 min of tissue compression, nonsedimented DNase activity was around 2037%.
Later (3-5 h) intensive release of hydrolases from the hepatocyte cytoplasm took place into
the systemic circulation. Nonsedimented activity of acid nucleases and of aryl sulfatases A
and B rose most sharply. The intensive release of these enzymes through the lysosomal membranes
into the hepatocyte cytoplasm, and then into the systemic circulation may perhaps take place
through an increase in hypoxia of the liver tissue and a decrease in the energy reserves of
‘the cells under the influence of serotonin. An.increase in its content in the hepatocytes is
known to inhibit respiration, oxidative phosphorylation, and electron transport in the cyto-
chrome system [1, 3, 10, 13].

The results suggest that serotonin may have a significant effect on the biochemical status
of the lysosomal system of the cell. Intraperitoneal injection of serotonin into rats reduces
total and increases nonsedimented activity of hydrolytic enzymes of the lysosomes, with a si-
multaneous characteristic release of these enzymes into the systemic circulation. Under con-
ditions of severe mechanical trauma serotonin increases the lability of the lysosomal membranes
in the early period of traumatization and increases total activity of the enzyme during long-
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term crushing of soft tissues in rats. The high blood enzyme levels were due mainly to activ-
ity of acid nucleases and aryl sulfatases A and B starting from the 3rd hour of tissue crush-
ing and until the end of the experiment.
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EFFECT OF HETEROLOGOUS PROTEINS ON THE INITTAL STAGES OF
EXPERIMENTAL ATHEROSCLEROSIS IN RABBITS
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Human y-globulin is widely used in medical practice for preventitive and therapeutic prac-—
tice, especially in children. Injection of large doses of heterologous proteins (250 mg/kg
body weight or more) into animals has been shown to increase the permeability of the endothe~
lium of arteries and to accelerate the development of atherosclerosis in animals fed with cho-
lesterol [6, 12, 13, 15]. Bovine serum albumin or whole blood serum was used as antigens in
these investigations, and human y~-globulin, which is used in medical practice in the form of
parenteral injections, was never once used for immunization. Yet there are indications in the
literature that experimental atherosclerosis is not accelerated if animals are given injections
of smaller doses of heterologous proteins [9, 14].

It was therefore decided to study how immunization with various doses of human y-glcbulin
(HGG) and also of bovine serum albumin (BSA), most frequently used in investigations of this
kind, affects the development of experimental atherosclerosis in rabbits.

EXPERIMENTAL METHOD

Experiments were carried out on 57 male rabbits weighing 2.5 kg. Hypercholesteremia was
induced by daily administration of 500 mg cholesterol, dissolved in sunflower oil, via gastric
tubes [3].

Department of Biochemistry and Department of Microbiology and Immunology, Research Insti-
tute of Experimental Medicine, Academy of Medical Sciences of the USSR, Leningrad. (Presented
by Academician of the Academy of Medical Sciences of the USSR A. N. Klimov.) Translated from
Byulleten' fksperimental'noi Biologii i Meditsiny, Vol. 94, No. 8, pp- 33-35, August, 1982.
Original article submitted January 27, 1982.

1048 0007-4888/82/9408-1048%07.50  ® 1983 Plenum Publishing Corporation



