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"The character of reparative regeneration of the liver was studied in experiments on rats.
In adrenalectomized rats, by contrast with intact, administration of CCl, did not lead to
changes indicative of activation of intracellular repair processes in the liver, as was
confirmed indirectly by death of 67% of the animals after receiving CCl,.

Administration of some hepatotropic poisons to animals induces necrotic and degenerative changes
in the liver [9, 14]. The destruction is followed by repair aimed at restoring the function of the organ [4,
5]. Regenerative processes, induced by the metabolic situation in the liver [5], or by disturbance or loss
of function of the organ [1], are controlled predominantly by hormones [3]. The influence of corticosteroids
on both destructive and reparative processes in the liver in toxic hepatitis have been inadequately studied.

The authors have investigated a number of indices of reparative regeneration of the liver in animals
after CCl, poisoning. The severity of the degeneration, the ploidy and dimensions of the nuclei and cyto-
plasm of the hepatocytes, their mitotic activity, and the DNA concentration in the liver were all determined,
The state of protein synthesis in the liver was assessed from the RNA concentration, the activity of the
liver acid RNase, and the size of the hepatocyte nuclecli. The state of the stroma was determined from
- the area of the connective tissue. To estimate the external function of the liver, the concentrations of the
serum protein fractions were determined.

EXPERIMENTAL METHOD

Carbon tetrachloride was given as three separate doses by mouth to male Wistar rats weighing 120-
180 g in the form of a 40% oily solution. Each dose was 0.1 ml/100 g body weight and the intervals between
doses were 2 days. Corticosteroid deficiency was produced by bilateral adrenalectomy under ether anes-
thesia. The adrenalectomized rats received a special salt solution [2]. There were 2 series of experiments:
D) on 11 intact rats receiving CCl,, and II) on 30 adrenalectomized rats receiving CCl, under the same con-
ditions, starting on the 4{h day after adrenalecfomy. The rats were decapitated 24 h after the last dose of
CCl,. The control consisted of 10 intact and 12 adrenalectomized rats respectively, and these animals re-
ceived the solvent (olive oil) only (0.06 ml/100 g body weight).

The mitoses were counted in sections stained with hematoxylin and eosin, and the results expressed
in promille. To estimate the area of the connective tissue formed in the liver quantitatively, a planimetric
method was used. ' ‘
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Fig. 1. Histograms of indices of rat liver studied after
various procedures: a) intact rats; b) after 3 doses of
CCly; ¢) 14 days after adrenalectomy; d) after 3 doses

of CCl, given to adrenalectomized animals. Ordinate,
frequency of occurrence of cells (after Wenzel); abscissa,
DNA content in nuclei expressed in units of ploidy.

The relative DNA content in the nuclei of the hepatocytes was determined by a double-wave cytophoto-
metric method [8] in impressions of liver sections fixed in Carnoy's fluid and stained by Feulgen's method.

The diameter of the nucleoli was measured in liver sections fixed in Carnoy's fluid and stained with
a combination of gallocyanin and chrome alum, using a linear ocular micrometer giving a magnification
of 1350. Control staining of the nucleoli was carried out with preliminary incubation of the sections with
RNase or with treatment of the sections with 5% TCA solution. The area of the nucleoli was calculated by
the formula for a circle.

The concentrations of RNA and DNA in the liver homogenates were determined spectrophotometrically
by the method of Tsanev and Markov [7] after fractionation by the method of Schmidt and Thannhauser [12],
and acid RNase activity was determined by the method of Schneider and Hogeboom [13]. The total protein
concentration in the blood serum was determined by the method of Lowry et al. [10] and the protein frac-
tions by electrophoresis on paper in veronal buffer (ionic strength 0.1) for 18 h under a voltage of 100 V.

EXPERIMENTAL RESULTS

Administration of CCl, to the adrenalectomized rats caused death of 67% of the animals; all the intact
animals receiving the poison survived. Degenerative changes in the liver tissue of the adrenalectomized
rats receiving CCl, were more widespread than in the intact rats receiving the poison. Infiltration of the
organ by lymphocytes and histiocytes was about equal in degree in the adrenalectomized and intact rats.
The number of mitoses in the liver of the adrenalectomized rats receiving CCl; was significantly higher
(Table 1). No increase in the ploidy of the nuclei, such as was observed in the overwhelming majority of
hepatocytes of the intact rats receiving CCl,, was observed in the adrenalectomized rats receiving the poi-
son {Fig. 1). In the adrenalectomized rats administration of CCl, was followed by a marked increase in
the size of the nuclei (Table 1), presumably due to their disintegrative swelling [6], but there was no in-
crease in the area of the cytoplasm of the hepatocytes (Table 1). This confirms the wider spread of the
degenerative changes in the liver observed in adrenalectomized animals receiving CCl,.

The area of the nucleoli in the hepatocytes of the adrenalectomized rats receiving CCl, was increased
much less than in the intact rats (Table 1).

The concentrations of RNA and DNA were increased in the liver of both the adrenalectomized and
the intact rats receiving CCl,. However, unlike in the intact animals, in the adrenalectomized rats this
increase was not due to the toxic action of CCl,, but to the corticosteroid deficiency. The increase in the
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DNA content in the liver of the adrenalectomized rats compared with the intact animals also receiving CCl,
was probably due to an increase in the number of mitoses and in the number of cells occurring in a weighed
sample of tissue. This last result was due to a marked decrease in the glycogen content and in the volume
of the hepatocytes of the adrenalectomized rats receiving CCl, compared with the intact animals also re-
ceiving the poison.

The activity of acid RNase in the liver of the adrenalectomized rats receiving CCl, was unchanged,
whereas administration of the poison to the intact animals lowered the activity of the enzyme. The opposite
directions of changes in the RNA concentration and in acid RNase activity will be noted.

It is interesting that the intensity of RNA metabolism increases with a decrease in the activity of the
enzyme [11].

in the adrenalectomized rats, which differed from the intact in their lower concentrations of total
protein, albumins, and 8- and y-globulins (9.43+0.35; 3.62+£0,13; 1.5 £0.09; and 1.64£0.07 g% compared
with 7.17+0.15; 2.59+0.07; 1.17+0,06; and 1.27 £0.09 g%, respectively},CCl, caused an increase in the con-
centration of oy-globulins (1.44 £0.4 g% compared with 1.18+0.09 gh). Under these circumstances, the
characteristic increase in concentration of B-globulins observed in the intact rats (1.50+0.09 and 2,17+
0.10 g%, respectively) was not observed (control 1.17+0.06 g%; experiment 1.24+0.07 g%).

The results thus indicate that administration of CCl, to adrenalectomized animals does not give rise
to changes affording evidence of reparative intracellular regeneration of the liver. This is probably largely
responsible for the death of 67% of the animals in this series. In adrenalectomized animals sacrificed at
the same times after receiving the poison as the intact animals, the degenerative changes were less severe.
In these same animals the effects of CCl, were reflected in a much smaller increase in the size of the hep-
atocyte nucleoli.

Characteristically, in these rats the action of CCl, did not alter the ploidy of the nuclei, and the RNA/
DNA ratio showed a tendency to decrease.

At the same time, acid RNase activity determined in the liver homogenate remained unchanged.

The facts described above show that corticosteroids are highly important regulators of reparative
processes in the liver. The results do not shed light on the relative importance of the individual adrenal
hormones in maintenance of the optimal level of repair processes in the liver. It is thus necessary to study
the isolated effects of glucocorticoids and mineralocorticoids on the processes of reparative regeneration
after toxic action.
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