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Lysosomal activity of hepatocytes and connective-tissue cells of the liver in cirrhosis 
and also during its involution has been studied largely biochemically [5-8, 11-14]. There 
have been only a few histochemical studies of liver function in this pathology [1-4, 15]. 
Lysosomal activity in the liver during cirrhosis has not been studied at all at the ultra- 
structural level. 

Accordingly, to obtain a more complete idea of the functional activity of the different 
types of cells, and also to discover the connection between their lysosomal activity and the 
process of collagen resorption, it was decided to undertake a histochemical and electron- 
histochemical investigation of acid phosphatase (AP) activity in the liver during cirrhosis 
and during its regression. 

EXPERIMENTAL METHOD 

Cirrhosis of the liver was induced by subcutaneous injection of 0.2 m! of a 40% solution 
of CCI~ in olive oil into noninbred male albino mice once a week for 5 months. To stimulate 
regeneration, 1 week after the last injection of CCI~ the left lobe of the liver was resected 
in all the animals. Material for investigationwas taken during resection and again i0 days 
thereafter, and was analyzed for the presence of AP by a histochemical method of simultan- 
ious combination with naphthol AS-BS phosphate [9] and electron-histochemically [i0]. Incu- 
bation with the addition of 0.01M sodium fluoride, an inhibitor of AP, and incubation in med- 
ium without the substrate for AP (sodium ~-glycerophosphate), were used as controls of the 
reaction. Ultrathin sections were examined in the EVM-100L electron microscope. 

EXPERIMENTAL RESULTS 

The study of histochemical preparations of the liver in cirrhosis revealed a marked dif- 
ference in AP activity between the hepatocytes and connective-tissue cells of the fibrous 
band. Whereas the latter were intensely stained and the reaction product in them appeared in 
the form of concentration of granular character, the cytoplasm of the hepatocytes was almost 
unstained, and only a few granules could be seen in the cells (Fig. la). 

The picture changed sharply i0 days after resection. AP activity in the hepatocytes was 
considerably increased. An increase in enzyme activity also was observed in the connective- 
tissue cells of the fibrous bands. The cytoplasm of the hepatocytes stained diffusely and 
very intensely, evidence of the high lysosomal activity in them. Reaction product was distrib- 
uted in cells of the fibrous bands in the same way as in the resected material, but the clumps 
of precipitate were larger and more deeply stained (Fig. ib). 

Electron-histochemical investigation of AP in the liver during cirrhosis revealed reac- 
tion product in some hepatocytes in both primary and secondary lysosomes. These structures 
containing reaction product were located in different parts of the cytoplasm of the hepato- 
cytes. Primary lysosomes were found quite frequently in the perinuclear zone. Just as in the 
hepatocytes, reaction product was found in by no means every connective-tissue cell located 
among well-developed bundles of collagen. AP activity in these cells was observed in primary 
lysosomes (more often in fibroblasts and in Itoh's cells)~ and also in various kinds of vac- 
uoles and in phagosomes (more often in macrophages). 
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Fig. i. Distribution of AP in hepatocytes (Burstone's reaction for AP): a) hepa- 
tocytes (H) arranged around central vein (CV) contain hardly any reaction products 
for AP. Connective-tissue cells of periportal fibrous bands (FB) contain large 
quantity of reaction product in the form of granules and clumps (arrows). 200 ~; 
b) Intensive reaction for APin hepatocytes (H) o Diffuse distribution of reaction 
product in them. Reaction product in the form of granules and clumps (arrows) can 
been seen in connective-tissue cells of fibrous bands (FB) i0 days after resection. 
160 • 

Fig. 2. Electron-histochemical detection of AP (i0 days after resection): a) 
reaction product for AP in lysosomes (Ls) of hepatocytes, in villi, on cytolemma 
(intra- and extracellularly), and also on collagen (C) fibers (arrows). 16,000 
x; b) Control for reaction for AP with addition of enzyme inhibitor (sodium 
fluoride) to incubation medium~ Reaction product not found in !ysosomes (Ls) or 
in collagen (C). 7000 Xo 
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Sometimes the reaction for APincirrhosis was observed also in lysosomes and vacuoles 
which had escaped into the extracellular space from fragmented cells. Connective-tissue 
cells in which AP activity was observed were found I0 days after resection in far greater num- 
bers than in the resected material. The location of the reaction product was the same as in 
cirrhosis. As regards hepatocytes at this stage of involution of cirrhosis, a reaction for 
AP was observed in most of them, evidence of very high lysosomal activity. Unlike in resected 
material, the majority of primary lysosomes containing reaction product were located near the 
cell membrane. The main distinguishing feature of this period was accumulation of reaction 
product either in all vesicles or directly in the cytoplasm, and arranged at the periphery 
near the cell membrane of the hepatocytes, in villi, and also in the intercellular space dir- 
ectly on the cytolemma and on nearby collagen fibers (Fig. 2a). Reaction product for AP also 
was observed on collagen fibers and alongside connective-tissue cells. 

No traces of reaction product for AP could be found in control preparations either in 
lysosomes or extracellularly (Fig. 2b). 

To sum up the results, the first point to note isthat they provide structural and func- 
tional confirmation of existing biochemical data indicating that enzyme activity in the liver 
rises sharply during regression of cirrhosis [7, 8] and that a close connection exists between 
the increase in activity of lysosomal enzymes of the liver cells and collagen resorption, 
i.e., that lysosomal enzymes take part in lysis of collagen in the liver [6, 9, 11-15]. 

The data showing that reaction product may be located extracellularly (on collagen fib- 
ers) are evidence that during involution of cirrhosis of the liver lysosomal enzymes are re- 
leased from the hepatocytes and connective-tissue cells of the fibrous bands by exocytosis, 
and that they participate in the lysis of collagen. 

LITERATURE CITED 

i. M. V. Zhuravleva and L. S. Rubetskoi, Arkh. Patol., No. 9, 19 (1970). 
2. V. B. Zolotarevskii, S. D. Podymova, and T. A. Yatsyshina, Arkh. Patol., No. 12, 62 

(1967). 
3. O. Ya. Kartashova, "Activity of tissue enzymes of the liver under conditions of clinical 

and experimental pathology," Author's Abstract of Dissertation for the Degree of Candi- 
date of Medical Sciences, Riga (1966). 

4. I. D. Mansurova and E. F. Eitsen, in: ~ Current Problems in iver Pathology [in Russian], 
Dushanbe (1962), P. 57. 

5. A. J. Barrett, Biochem. J., 131, 809 (1973). 
6. S. Bazin and A. Delaunay, Ann. Inst. Pasteur, 106, 543 (1964). 
7. S. Bazin, A. Delaunay, N. Briquelet, et al., Ann. Inst. Pasteur, ii0, 347 (1966). 
8. M. C. Burleigh, A. J. Barrett, and G. S. Lazarus, Biochem. J., 137, 387 (1974). 
9. M. S. Burstone, J. Natl. Cancer Inst., 24, 1199 (1960). 

i0. J. L. E. Ericsson and B. F. Trump, Histochemie, ~, 470 (1964-1965). 
ii. D.M. Frankland and C. H. Wynn, Biochem. J., 85, 276 (1962). 
12. K. Maruyama, I. Okazaki, K. Kashiwazaki, et al., Biochem. Exp. Biol., 14, 191 (1978). 
13. T. G. Morrione and J. Levine, Arch. Pathol., 84, 59 (1967). 
14. Y. Murawaki and C. Hirayama, Clin. Chim. Acta, 108, 121 (1980). 
15. I. Okazaki, M. Oda, K. Maruyama, et al., Biochem. Exp. Biol., ii, 15 (1974). 

384 


