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Abstract: Background: The development of disseminated intravascular coagulation syndrome (DIC), with liver 

pathologies, is usually considered a terminal condition caused by a violation of the blood coagulation system. A number of 

blood coagulation factors are synthesized by the liver, in this regard, the development of DIC syndrome in liver pathology 

is of particular importance. It is assumed that the DIC syndrome in liver pathology is caused by a violation of the 

coagulation properties of the blood. At the same time, local lesions of the hematocirculatory bed of the liver, as well as 

ultrastructural aspects of intravascular blood coagulation, remain unclear. Objective: To study the hematocirculatory bed of 

the liver and the features of the ultrastructure of platelet thrombi at 20-day experimental cholestasis in experimental white 

rats. Materials and methods: Experimental cholestasis was created in experimental rats (m=28) by ligation and transection 

of the common bile duct. The animals were sacrificed in compliance with ethical standards on days 10 and 20 of cholestasis. 

The liver tissue was examined by histological, corrosive, and electron microscopic methods. Results: Studies have shown 

that the development of DIC occurs with 20-day cholestasis, when biliary cirrhosis is formed in the liver. Some disorders of 

hemocirculation are observed at 10 days of cholestasis, in the form of erythrocyte sludge in the vessels of the liver. A 

pronounced disseminated intravascular coagulation syndrome manifests itself at 20 days of cholestasis. Disturbance of 

circulation is expressed in the interlobular branches of the portal system. Formed thrombi consist mainly of platelets with a 

minor admixture of erythrocytes and leukocytes. Ultrastructurally, a thrombus appears to be aggregated platelets, the 

structure of which is without significant changes. The elements of the hyalomer and granulomere are well detected in them. 

Most contain dense granules, some have undergone degranulation. A distinctive feature of a thrombus is the absence of 

fibrin filaments in the thrombus. Conclusion: Long-term experimental cholestasis, in some cases, is accompanied by a 

violation of the anticoagulant properties of the blood and contributes to the development of DIC. The morphological 

manifestation of which are platelet thrombi that arise in the interlobular veins. The ultrastructural features of these thrombi 

indicate an increase in the aggregation capacity of platelets, which, in combination with impaired hemostasis, probably 

contributes to the development of hemorrhage in liver pathology. 
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1. Introduction 

Due to numerous researches it was determined that the 

development of disseminated intravascular coagulation 

(DIS) syndrome at pathological conditions, was 

considered as the component of terminal state [1, 2]. 

Series of factors on blood coagulation were synthesized by 

the liver [3, 4], in this regard, the development of DIC 

syndrome in liver pathology acquired particular special 

significance. It was caused by a violation of the 

coagulation properties of blood [3]. At the same time, the 

ultrastructural aspects of intravascular blood coagulation 

in the hem circulatory bed of liver remains unclear. The 
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internal organ of the vessels of liver and features of 

ultrastructure for thrombocyte in experimental obstructive 

jaundice were examined. 

2. Material and Research Methods 

The liver tissues of 28 rats after ligation of common bile 

duct were examined. On the 20th day of obturation, the 

experimental animals were decapitated (5 rats were control, 8 

died from complications of secondary biliary cirrhosis). 

Keeping, killing, of experimental animals were carried out 

according to the ethical standards norms the instructions of 

"Rules for working with experimental animals." The pieces 

of liver tissue were processed by conventional histological 

and electronic microscopic methods. To study the 

microcirculatory liver bed, the hepatic vessels were filled 

with Gerota-Akilov's mass through the portal vein. After 

fixation in a 5-6% formalin solution for 5 days, the liver 

tissue was clarified by Malygin’s method. Serial sections 

with thickness 50-80 µm were enclosed in Canadian balsam. 

Ultrathin sections were contrasted with uranyl acetate and 

lead citrate and viewed with JEM-100S electron in 

microscopes. 

3. Research Results 

 

Figure 1. Rat liver on the 20th day of cholestasis. Disorganization of 

angioarchitectonics and the appearance of avascular zones in the liver 

parenchyma. Filling vessels with Parisian blue. Designation here in after: s-

sinusoid; iv-interlobular vein; az-avascular zones. Mag. x100. 

After ligation of common bile duct on the 10th day of 

cholestasis, the increase of experimental animals liver 

occur, and at morphological examination in per portal 

zones in lumen, the densely aggregated erythrocytes were 

found in the lumen of some vessels, the thrombocyte 

thrombus were found in lumen larger interlobular veins, 

which were assessed as casuistic cases. During this period, 

there were no signs of portal hypertension. As the duration 

of cholestasis increased (20 days), the liver acquired the 

yellow-green shade; its mass increased twice, and in terms 

of 100 g of body weight was 6.85 + 0.27 g. The stump of 

ligated duct was sharply expanded and contained from 2,0 

to 6,0 ml of bile. The mesenteric vessels and the portal 

vein were sharply filled with blood became, tense and 

formed venous collaterals with vessels of abdominal wall. 

In some animals, the ascetic fluid was found in abdominal 

cavity. All this indicated on development of biliary 

cirrhosis of liver. The morphological study of cholestasis 

on the 20th day, along with the characteristic changes of 

biliary cirrhosis, avascular areas appeared in the liver 

parenchyma, indicating the disorder of blood supply 

(Figure 1). Electron-microscopically, the destruction and 

disorganization of the endothelial lining of liver sinusoids 

appeared in these areas, and the cell necrosis occurred 

among the surrounding cells (Figure 2). 

 

Figure 2. The same case. 

Disorganization and disintegration of the endothelial lining of the sinusoid, 

next to the top is a dead hepatocyte with penetrated erythrocyte. On the left 

is an intact hepatocyte with common subcellular structures. h-hepatocyte; s-

sinusoid; dsw-disorganization of the sinusoid wall; cd- cell detritus; er-

erythrocyte; dh- dead hepatocyte; en-endothelium; re-remains of 

endoteliocyte; pc-pyknic cell. 

At study per portal areas, the phenomena of intravascular 

blood coagulation were revealed, especially in the 

interlobular veins. Electron-microscopically, in lumen of 

such veins, a huge mass of aggregated blood cells at 

considerable distance from the vessel. Inside the vessel, the 

aggregated blood cells almost completely blocked the lumen 

of vessel, but the clear distinct little head, body, and tail of 

the thrombus were in vessel. The formation of thrombus in 

vessels of liver contributed to stagnation and development 

portal hypertension. According to some researchers, the 

portal hypertension was not caused by thrombosis of 

interlobular veins, but by change of structural and functional 

properties of vascular wall [5, 6]. The intravascular thrombus 

was represented by aggregated blood cells with a 

predominance of platelets, detected both on longitudinal 

(Figure 3) and on the transverse section of vessel (Figure 4). 

The thrombocytes thrombus contained a small admixture of 

erythrocytes and leukocytes, the structure of which did not 

show any significant changes. The thrombus occupies the 

central part of vessel lumen, and between them and 
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endothelium there remains a small gap, through which blood 

plasma apparently circulated. In the structure of the vascular 

wall of these areas, namely the endothelium, basal membrane 

and other elements, was not market. The ultrastructure of 

densely aggregate platelets was guide various. Many plates 

had irregular shape, clearly delimiting membrane, and, as 

usual, two zones were distinguished in them: the central one, 

containing granules and small vacuoles (granulomere zone), 

and peripheral, homogeneous and devoid of granules 

(hyalomeric zone). The granulomere contained granules of 

different structure, morphologically different from each other 

(Figure 4b). In thrombocytes, the ratio of granules varies 

sharply: some plates contained a large number of granules, in 

others had a little, in the thirds, they are absent altogether. A 

similar picture was observed at studying dense and less dense, 

so-called "a-granules". Dense granules had a round or oval 

shape with a higher electron density, and, as it indicated by 

some researchers [5], they contained serotonin, ADP, ATP 

and catecholamine’s. In some plates, the lysis and 

clarification of granule matrix were found, which, apparently, 

was associated with secretion of their content in the lumen of 

vessel [6]. According to [7, 8], the degranulation is a sign of 

platelet activation. Experiments have shown that 5 minutes 

after platelet aggregation, labeled serotonin was released by 

average 49.5%, which caused further aggregation of new 

portions of platelets [8]. The number of granules with low 

electron density and heterogeneous matrix was less, with the 

exception of a part of thrombocytes containing mainly such 

granules. 

According to the literature [9], a-granules contained 

lysosome enzymes, the secretion of which led to lysis of 

platelets. However, in our studies, the lysis of platelets and 

their destruction within the thrombus were not revealed. In 

addition to granules, the single mitochondria, tubular 

structures, and few ribosomes were detected. Tubular 

structures probably contained Ca ++ ions (relaxation factor), 

the release of which promoted thickness of thrombus. At high 

magnifications of microscope, the fine-grained material was 

found on surface of the plates, which filled the spaces 

between the platelets, and formed a granular layer around the 

thrombus, which, presumably, corresponded to glycoproteins 

and glycolipids [7, 9]. 

 

Figure 3. The same case. 

Platelet thrombus in the lumen of a longitudinally cut interlobular vein. lv-lumen of the vessel; ap-aggregated platelets; bd-bile ducts; ed-epithelium of the duct; 

e-endothelium; l-leukocytes; er-erythrocytes; cf-collagen fibers; fm-fine-grained material er-erythrocyte; fm-Fine-Grained material; liv-lumen of the 

interlobular vein; pt-platelet thrombus; l-leukocyte. Mag. 2800. 

It should be marked that there were no fibrin threads in the 

structure of a platelet thrombus, which was probably 

associated with decrease synthesis of fibrinogen by the 

pathologically altered liver or with increase fibrinolytic 

activity of blood. Experimental studies [10, 11] was shown 

that at threshold doses of thromboplastin the concentration of 

fibrinogen decreases with a simultaneous increase the 

fibrinolytic activity of blood. In the arteries, sinusoids, 

central and sub lobular veins, thrombocyte thrombus was not 

revealed. The data obtained accordance with the results of 

other authors, indicating the absence of changes in the 

vascular resistance of the hepatic veins in cirrhosis. The 

results of studies showed that with biliary cirrhosis, the 

intravascular blood coagulation (DIC syndrome) can develop, 

the morphological manifestation of which was the formation 

of thrombocyte thrombus, in the lumen of portal vein 

branches. In this case, the occurrence of blood clots was not 

always accompanied by the change of structure in vessel wall, 

and there was no fibrin in which, apparently, was the 

characteristic sign of liver pathology. Therefore, the 

mechanism occurring thrombus at mechanical jaundice was 

little different and was likely associated with disorder of 
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blood coagulation regulatory systems. Patients with various 

liver pathologies had a number of disorders in coagulation 

system (hyper- or hypo coagulation) being associated with 

decrease or activation of hemocoagulation factors - thrombin, 

thromboxan TX, proconvertin, antithrombin III, precallikrein, 

plasminogen, A-antiplasmin, etc. [12-15]. 

 

Figure 4. A. Platelet thrombus in the lumen of the transversely cut interlobular vein. Mag. 6000. B. A part of the previous figure. Mag. 10000. dp-

degranulated platelets; lv-vessel lumen; dg-dense granules; m-mitochondria; ag-alpha granules;. The rest of the designations are the same as in the previous 

figure. 

In the pathogenesis of intravascular blood coagulation in 

liver cirrhosis, apparently, the important place was occupied 

by the slowing down of blood flow in the branches of portal 

vein, being caused by stagnation in the biliary system. 

However, the reasons of increased platelet aggregation are 

not well understood. It can be assumed that the increased 

entry of tissue coagulation activators from the affected liver 

cells (thromboplastin) led to increased platelet aggregation. 

Further, activated platelets secreted ADP, serotonin, which 

enhanced further platelet aggregation that led to the 

formation of «pure thrombocyte thrombus». However, due to 

disorder of fibrinogen synthesis or the activation of 

anticoagulant system as formation of complex of heparin 

composition the thrombus formation is became in completed 

[9, 12]. At the result of decrease the functionally active 

thrombocytes from the vascular bed, and, also the above 

mentioned disorders in the hemostasis, the hypo coagulation 

has been developed which was naturally for cirrhosis of liver. 

At the result of the loss of functionally active platelets from 

the vascular bed, as well as the above-described disorders in 

the hemostasis system, hypo coagulation develops 

characteristic cirrhosis of liver. 

4. Conclusion 

Thus, the long-term experimental cholestasis leading to the 
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development of biliary cirrhosis of the liver was 

accompanied in some cases by disorder of the anticoagulant 

blood properties and promoted to development of DIC 

syndrome. The morphological manifestation of this process 

in the liver was thrombocytes thrombus, being localized in 

interlobular veins, and was one of the possible causes of 

portal hypertension. The detected ultrastructural features of 

thrombus witness on increase aggregation ability of platelets, 

which, in combination with hemostasis system, disorder was 

apparently one of the factors causing hemorrhages at liver 

pathology. 
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