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The appearance of dark cells in the liver evidently reflects increased function of the liver tissue,
the cells themselves being centers of regeneratiofi. The appearance of the largest number of labeled dark
hepatic celis after administration of thymlchne-H3 indicates that DNA synthesis is most intensive in their
nuclei. Dark cells capable of DNA synthesis, i.e.) of tegeneration, accumulaté in foci of injury in the liver.

* * *

There is no general agreement as yet regarding the sources of regeneration of liver tissue. A, A.
Zavarzin and A. V. Rumyantsev {6] and Yu. N, Darkshevich [3] consider that the cambial elements of the
liver are the so-called dark cells, with basophilic cytoplasm The appearance of dark cells in the re-
generating liver after partial hepatectomy and in newborn rats are also considered a sign of increased
proliferation of the cells {12, 14, 15]. In the stage of regeneration after burn injury, B. V. Viyurin [2] ob-
served an increase in the number of membranes of the granular endoplasmic reticulum, mitochondria, and
ribosomes in some liver.cells, and he concluded that these were dark cells. Some authors [5, 8, 11},
however, consider that the dark cells are not cambial in nature, but on the contrary, old and worn-out
structures.

We considered that autoradiography, supported by electron-microscopic investigations, would supply
a reliable answer to the question of the functional significance of dark cells.

EXPERIMENTAL METHOD

Experiments were carried out on 13 albino mice of both sexes weighing 18-20 g, divided into two
groups. The experimental mice all received an injection of 0.2 ml 40% CCly solution. The mice of group 1
received CCl, in 10 injections at intervals of one day, and those of group 2 received 10 injections at inter-
vals of 14 days. Three animals from each group received an intraperitoneal injection of thymidine-H® in a
dose of 1.5 uCi/g body weight on the 3rd day after the last injection of CCly.

The animals were sacrificed 1.5 h after injection of the isotope. Pieces of liver werefixed in Carnoy's
fluid and embedded in paraffin wax. Autoradiographs were prepared from sections 6-8 p in thickness.
The sections were freed from paraffin and coated with NIKFI emulsion (type M), and exposed ina refrigera-
tor at 4-6° for 3445 days in lightproof containers.

Development was carried out by the formula recommended by the Motion Picture Research Institute
(metol -hydroquinone developer, fixation in 30% hyposulfite solution), sections stained w1th metatoxylin and
eosin, ;

Autoradiographs of the liver were studied under the optical microscope with magnification of 1000%,
Cells were regarded as labeled if their nuclei contained not less than five grains (tracks). Approximately
3000 ceils were counted in each section, light and dark (labeled and unlabeled) heptaic cells, and Kupffer
cells being counted separately.

Pieces of liver for electron-microscopic investigation were fixed in 2% 0sO, solution and embedded
in a butyl-methyl methacrylate mixture. The sections were examined in the EM-7 electron microscope.
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Fig. 1. Autoradiograph of regen- Fig. 2. Enlargement of cavities
erating mouse liver after ten in- and tubules of endoplasmic reticu-
jections of CCly (0.2 ml of 40% lum (Cp) of a light liver cell of a
solution each lime). Numerous mouse after injections of CCl,.

dark hepatic cells labeled with M denotes a mitochondrion. 25,000x,

thymidine-H? can be seen.

EXPERIMENTAL RESULTS

- With an increase in intensity of reparative regen-
eration (experiments of series I, injection of CCly at
intervals of one day) the number of dark cells in the
liver of the mice increased considerably. In the ami-
mals of the control group, for instance, the liver con-
tained 8.13% of dark hepatic cells. In animals receiving
CCl, once every 14 days and in animals receiving CCly
in the same dose, but on alternative days (10 injections
altogether), the number of dark hepatic cells increased
to 17.34 and 30.36% respectively (relative to the total
number of hepatic cells counted).

A similar tendency was observed when labeled
hepatic cells were counted (Fig. 1}. The percentage of
labeled dark hepatic cells are much greater in animals
receiving CCl, injections on alternative days than in

~ those receiving CCly once every 14 days and animals of
the control group. The percentage of labeled cells in
~Fig. 3. Numerous ribosomes (R) the animals of these groups was 16.68, 8.82, and 2.84
and mitochondria (M) with dense respectively. '
matrix in a dark liver cell of a
mouse after injections of CCly.
35,000x,

The total number of dark cells and also the num-
ber of dark labeled cells were therefore distinctly high-
er in the liver of mice in a phase of active reparative
degeneration than in intact control animals.

‘The index of labeled Kupffer cells (i.e;, the number of labeled cells per hundred cells counted) was
3.7% in the animals of group 1 and 3% in those of group 2, while in the control animals no labeled Kupffer
cells could be discovered.
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The oumber of labeled light cells in'the intact control animals was negligible, being only 0.18%. As

the intensity of reparative regeneration increased the percentage of labeled-light hepatic cells increased tu
reach 2.13 in the animals of group 2 and 6.88 in those of group 1. The number of labeled light hepatic cells
thus izcreased with an increase in intensity of reparative regeneration.

The impression was gained that light hepatic cells are much less able than dark cells to synthesize
DNA. The increase in number of labeled light hepatic cells in the actively regenerating liver was associated
with the conversion of dark cells into light, frequently after DNA synthesis had taken place in the dark cells.

The difference between light and dark cells in density was also clearly apparent from electron micro-
graphs. The mitochondria in the light cells were swollen, with a translucent matrix, their cristae were dis-
organized, the cavities and tubules of the endoplasmic reticulum were dilated, and in some places vacuolated,
Their cytoplasm possessed very low electron density, and contained few membranes of the granular endo-
plasmic reticulum (Fig. 2). The dark cells were distinguished by high electron density, numerous mito-
chondria with 3 dark granular matrix, a rich endoplasmic reticulum, and also by the presence of numerous
free ribosomes (Fig. 3). Many lipid inclusions and lysosomes of different sizes and shapes could be seen
in the cytoplasm. Characteristically, the number of dark hepatic cells was particularly large after the end
of exposure to the toxic action of CCly. '

The study of dark liver cells under the electron microscope thus showed that their appearance is
evidently a sign of increased functional activity of the liver tissue. Morphological signs of this functional
activity are expressed by hypertrophy of these cells, based on hyperplasia of the specific organelles — the
miteehondria, endoplasmic reticulum, and ribosomes. The sharp increase in number of these ultrastruc-
tures within the cells is responsible for their conversion into the dark cells of the liver, and this process
can he seen under the optical microscope using normal staining methods.

Autoradiographic and electron-microscopic investigations revealed not only qualitative, but also the
quantitative characteristics of reparative regeneration of hepatic cells in the experimental animals. From
these investigations we concluded that the appearance of dark cells is a morphological sign of increased
functional activity of the liver tissue, and that the cells themselves are apparently centers of regen-
eratign.
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