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The regeneration process in the liver has been studied mainly in the early periods following infliction of
traumas (1, 2, 4, 6, 7, 11), Prolonged periods of observation have usuélly not exceeded 3 months. Investigations
of the liver at later periods after partial resection has only been carried out in a few works, and on a small num-
ber of animals.

Investigators [3, 5, 12, 13] have not observed any peculiarities in the structure and function of the regener-
ating liver. Only Forti [8] writes that in rats, 1-2 yr after partial removalof the liver, the remaining portion of
the organ has indeed increased in size, but almost always weighs somewhat less than the liver of the control ani-
mals. In addition, he observed a reduction in the functional activity of the organ operated upon, as judged by the
quinine sulfate test.

Thus, investigation of the regenerating liver at prolonged intervals after the partial removal of the organ
has been performed to an inadequate degree, and in the appraisal of theresults obtained the opinions of the authors
are divergent.

Meanwhile, it is of great theoretical and practical interest to elucidate how fully and stably the organs are
regenerated after resection, and whether, with the passage of time, the regenerating organ begins to differ from
the normal one.

Thus, it seemed timely to us to carry out a histological study of the regenerating liver at late intervals after
partial removal of the organ.

METHOD

The experiments were performed on female rats with an initial body weight of 130-150 grams. The ani-
mals were operated upon according to the method of Higgins and Anderson [10]. We removed the left lateral and
central lobes of the liver, which made up. 2/3 of the organ.

The experimental and control animals received an abundant supply of white bread and water for the first
2 days following the operation. Then all the animals were transferred to the normal synthetic diet, and the rats
were maintained under these conditions until the end of the experiment.

The experimental animals and their corresponding controls were sacrificed 2, 5, 11 and 17 months after the
operation. The liver was quickly removed and weighed. Material was fixed in a 12% solution of formalin. The
preparations were stained with hematoxylin-eosin. The reticular fibers were demonstrated with the use of Gomori's
silver stain {91
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RESULTS

As the weighing showed, in the control rats the liver growth proceeds uninterruptedly, but the relative weight
of the liver quickly attains a certain magnitude and, after this, remains more or less constant up to 17 months,
equalling 3.4 -3.8%.

Change in the Absolute and Relative Weight of the Control and Regenerating
Liver in the Rat

Durationof Number We,li_l%ht of |Weight of the liver
experiment| Group of animals of ?im eg%ssié- absolute| relative
(it months) animals| Hse g (in g Y| (in %)
o Test i2 180 7.690 4.1
Control 7 220 7.550 3.4
5 Test 13 237 7.960 3.4
Control 6 230 8.600 3.8
17 Test 14 211 7.600 2.1
Control 8 322 11.767 3.7

The absolute weight of the regenerating liver in the period from 2 to 17 months after the operation changes
very little, as a result of which by the 17th month it weighs considerably less than the liver in the control animals
of the same age. The relative weight of the regenerating liver also decreases; and by the 17th month comprises
2.7% of the body weight, i.e., it is1.5 times less than the weight of the regenerating liver at earlier intervals of
the investigations (2 months),when the relative weight is 4.1% (table). - '

In the histological investigation of the regenerating liver 2 months after the operation we detected certain
deviations from the normal. The nuclei and cytoplasm of the mononuclear hepatic cells still remain hypertroph-
ied. -Polymorphism of the liver cells, which stands out especially clearly in the liver at early periods of regener-
ation, decreases to an appreciable degree after 2 months: at this time we were unable 1o find mitotically divid-
ing cells in the liver of the rats operated upon, nor did we encounter areas with destroyed cellsf a significant num-
ber of binucleated hepatic cells was apparent in the preparations,

Staining the reticular fibers was also notobserved to differ from the normal in anyessential way, Fine branch-
ing threads of reticular fibers were arranged throughout the entire parénchyma of the liver; their distribution was
observed to be more dense in the region of the large blood vessels. This type of reticular fiber distribution was
observed in the liver of control animals of the same age;

Five months after the operation the general histological picture of the regenerating liver was the same as
that which was observed at earlier intervals after the operation (2 months). However, study of the reticular fibers
in the liver of the rats operated upon disclosed their heterogeneity: In the majority of the animals the usual dis-
tribution of reticular fibers was retained, being the same as that intrinsic to the liver in the control rats of that
age. However, in two rats it was possible to observe proliferation and thickening of the reticular fibers. Thispro-
liferation was local in character; it appeared in the region of the large blood vessels, and spread out fromthere
deep into the parenchyma of the liver. In the areas of proliferation and thickening of the reticular fibers we ob-
served destructive changes in the parenchymal cells. The cytoplasm of the hepatic cells in this case stained weak-
ly with the normal histologic stains, and several cells were missing their nuclei.

Eleven months after the operation a more clearly defined polymorphism was again observed in the hepatic
cells; it was manifested by the appearance of a significant number of cells with small nuclei and a rather appre-
ciable number of binucleated cells.

Well defined results were again not obtained for the reticular fibers. In certain cases we observed prolifer-
ation and thickening of the reticular fibers, They became more coarse and their network condensed, mainly in
the region of the blood vessels. We observed this picture in 4 of the 8 rats, while in the remaining cases the re-
ticular framework of the regenerating liver did not differ from that seen in the control animals.
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Reticular fibers in the liver of a rat 17 months after the beginning of the ex~ .
periment; a) control; b) regeneration. Stained according to Gomori. Magni-
fication: oc. 5 X, obj. 45 X (I); oc. 5 X, obj. 100 X (II),

Subsequent to dissection of the test animals 17 months after the operation we noted a considerable develop-
ment of the epiploon. In these animals the liver was soft, flaccid, and had many adhesions with surroundingor-
gans and tissues, but its color remained normal.

Through histological investigation a number of morphological changes were detected. Along with unchang-
ed liver cells there was a rather large number of hepatic cells with vacuolated cytoplasm. Cells were also en-
countered in the preparations whose nuclei were in the early stages of disintegration. The appearance of a signif -
icant number of binuclear cells was observed; the dimensions of their nuclei were most frequently smaller than
the dimensions of the mononuclear hepatic cells, although the latter were also decreased.

Staining of the reticular fibers showed that they proliferated markedly in individual areas of the liver; the
reticular fibers were notably thickened.

A series of age changeswas also observed in the liver of the control animals by the 17th month, as well as
a richer development of the reticular framework. However, the proliferation of the reticular fibers in the liver of
the rats operated upon was always appreciably greater (figure).
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The changes in the reticular fibers can probably be regarded as a result of reduction in the permeability of
the walls of the blood vessels, which leads to deterioration of the nutritive supply and to the development of dys-
wrophic changes in the liver tissue.

Actually, it was frequently possible to observe disintegrating liver cells in those areas where proliferation
of the reticular fibers took place.

Thus, on the basis of the investigation carried out, it may be said that morphological changes occur in the
regenerating liver of rats at late intervals after trauma which are dystiophic in nature. The development of adi-
pose tissue observed 17 months after the operation is probably a result of disruption of the regenerating liver's
normal functioning, which is closely related to the destructive changes arising in the organ at these intervals in
the investigation.

Our investigations do not yet permit drawing wider conclusions, but it can be reasonably asserted that under
conditions of our experiments clearly defined differences have been established between the growth changes of the

normal and regenerated liver.
SUMMARY

The author carried out a histological study of the regenerating liver of rats at remote periods {2, 5, 11 and
17 months) after the operation.

Development of dystrophic processes was observed 17 months after the excision of 2/5 of the organ by
Higgins and Anderson's method. The weight of the liver decreased in experimental animals and was much lower
than incontrols. A large number of binuclear cells with small nuclei appeared; mononuclear hepatic cells de-
creased in size; proliferation and thickening of reticular fibers was detected by Gomori's staining,
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peti-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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