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The effect of zosterin (pectin polysaccharide) on the protein-synthesizing function of mouse
liver cells was studied after its intragastric administration of 1% gel zosterin. The drug
modified the morphology and function of the nucleolar apparatus by changing the number
and summary area of the nucleoli, content of Ag proteins, nucleolar/nuclear ratio, and
increased protein content in hepatocyte cytoplasm.
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Drugs based on polysaccharides of plant and animal
origin are now widely used in clinical and preventive
medicine. Physiological and metabolic aspects of the
effects of polysaccharides on the liver in some dis-
eases are most extensively studied. It was previously
shown that zosterin optimized liver metabolism and
improved nonspecific resistance of the body in hypo-
xia, exercise, and toxic hepatitis [7,8]. When injected
to intact animals, the drug modified the endocrine meta-
bolic status of the body and improved its adaptation
potential [8]. Nonspecific mechanisms of organ and body
resistance are realized primarily through energy and plas-
tic metabolism. Zosterin is a hepatotropic drug, but the
mechanism of its effect remains not quite clear.

We studied the effects of zosterin on protein-syn-
thesizing function of liver parenchymal cells in intact
animals.

MATERIALS AND METHODS

The study was carried out on adult outbred male mice
(20-25 g). Care and all manipulations with the animals
were carried out in accordance with the European Con-
vention for Protection of Experimental Animals (1986,
EEC).
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Experimental animals (n=7) daily received a single
intragastric dose of zosterin (100 mg/kg, 1% gel) for
14 days; intact animals (n=7) received an equivalent
volume of normal saline. Zosterin isolated from Zos-
tera marina L. contains 74.8% D-galacturonic acid;
the degree of its esterification is 5.7%, characteristic
viscosity 340 ml/g galacturonane. The animals were
decapitated under light ether narcosis 24 h after the
last dose of the drug.

Liver fragments were fixed in cold ethanol-acetic
acid (3:1) mixture and treated as described previously
[1]. For identification of specific nucleolar proteins the
preparations were stained with 50% colloid silver nit-
rate as described previously [5]. The area of hepato-
cyte nuclei and number and area of nucleoli were eva-
luated. The nucleolus/nucleus ratio (ratio of total nu-
cleolar area to the area of the same nucleus) was
estimated for evaluating the percentage of nucleoli per
unit of nuclear area. On average, 100 nuclei per liver
specimen were measured.

Smears of isolated liver cells were prepared as
described previously [4] and fixed in absolute metha-
nol for 15 min. The preparations were stained with
0.03% Amido Black 10 B solution for 1 h [3]. Protein
content in hepatocyte cytoplasm was estimated as the
product of optical density and cytoplasm area.

Nuclear ploidy was evaluated by their area, be-
cause these parameters of liver cells are in good cor-
relation [2]. The ploidy of binuclear hepatocytes was
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evaluated as the sum of both nuclei. On average, 70
hepatocytes in the liver of each animal were examined.
The study was carried out on a MEKOS-C1 image
analyzer. The significance of differences between the
groups was evaluated by Student’s ¢ test using Sta-
tistica software.

RESULTS

Zosterin induced a 33% increase in the number of
nucleoli in hepatocyte nuclei; the mean area of some
nucleoli decreased by 17% (Fig 1).

The summary area of the nucleoli and content of
Ag proteins in them increased by 5 and 22%, respec-
tively (to 82.1+6.3 p? and 47.6+6.4 arb. units). In in-
tact group these parameters were 78.2+3.3 u? and
39.0+4.7 arb. units, respectively. The nucleolus/nu-
cleus ratio in experimental group increased 1.5-fold
compared to the intact group (Fig. 2).

Zosterin treatment resulted in redistribution of
liver cells by the ploidy classes (Table 1) vs. the nor-
mal level of 6.3c. Zosterin treatment promoted a 24%
decrease in the percentage of diploid cells and 9 and
41% decrease in the counts of high-ploid (8c and 16¢)
cells, respectively, while the percentage of tetraploid
cells increased by 3%. The mean ploidy decreased to
5.6c. Changes in the levels of cells of different classes
were insignificant.

Zosterin treatment increased protein content in
hepatocyte cytoplasm (Fig. 3), which reflects their
significant functional strain. Protein content in diploid
cells increased by 76%, in tetraploid cells by 29%, in
octaploid cells by 30%, and in 16¢ cells by 18%.

The increase in the percentage of tetraploid
hepatocytes in parallel with decrease in the percentage
of cell of other ploidy classes suggested that zosterin
can stimulate proliferative activity of cells. Pectins,
particularly low-esterified, bind DNA in tissues of the
liver, kidneys, and other organs and modify prolifera-
tion intensity [10,11]. Diploid hepatocytes proved to
be the most sensitive to zosterin. They started the
mitotic cycle which led to the appearance of cells of
the next ploidy level (4c) and exhibited the most pro-
nounced changes in the protein content in the cyto-
plasm. In addition, zosterin led to disaggregation of
fused nucleolar organizers in hepatocyte nuclei, as the
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Fig. 1. Effect of zosterin on the number (a) and mean area (b) of
nucleoli in mouse hepatocyte nuclei. Here and in Fig. 2: 1) intact
mice; 2) mice treated with zosterin. *p<0.05 compared to intact ani-
mals.
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Fig. 2. Effect of zosterin on nucleolus/nucleus ratio in mouse hepato-
cytes.

number of nucleoli increased, while their mean area
decreased. This could be due to increased proliferative
activity of hepatocytes and activation of latent nu-
cleolus-forming chromosome regions (their transition
into a more active functional state) [9]. Usually the
increase in the number of nucleoli and nucleolus/nu-
cleus ratio reflects increased intensity of protein syn-
thesis in cells during normal development and hyper-
function of organs [12,13]. Our experiments demon-
strated zosterin-induced increase in protein production

TABLE 1. Ploidy Redistribution of Mouse Hepatocyte Nuclei under the Effect of Zosterin (M+m, %)

Ploidy class
Group
2c 4c 8c 16¢
Intact 6.3+0.5 55.7+1.6 38.5%1.7 5.1x0.7
Experimental 4.8+1.1 57.5+2.5 35.1+3.1 3.0+£0.6
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Fig. 3. Effect of zosterin on protein content in hepatocyte cytoplasm.
Light bars: intact animals; dark bars: animals treated by zosterin.
*p<0.05 compared to intact animals.

by mouse hepatocytes. The increase in protein syn-
thesis leads to accumulation of plastic material, hyper-
production of enzymes, and hence, to their activation.
This intensification of metabolic processes improves
hepatocyte resistance and promotes optimal develop-
ment of cellular and intracellular mechanisms of tissue
regeneration [6].
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