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Simple Summary 

Camels have adapted to survive in some of the world’s toughest environments. One important way 

they do this is by storing fat. This fat storage changes how their internal organs, like the liver, are 

built and how they work. This study looked at the liver of the Bactrian camel. The small pieces of 

camel liver were carefully examined using a powerful microscope. It was found that the camel’s liver 

is quite different from the livers of other animals. It contains a large number of liver cells, which have 

unique shapes. These cells play a key role in breaking down substances and removing toxins from 

the body—so having more of them, and special ones at that, means the camel is very efficient at 

managing its internal chemistry. Another finding was that there is a higher amount of fat stored 

inside these liver cells. This may be the camel’s way of preparing for times when food is scarce. 

Overall, the research shows that camels have developed special features in their liver that help them 

cope with extreme environments. It also opens the door to more questions about how nature shapes 

the organs of animals depending on where and how they live. 

Abstract 

During the evolutionary development of camels, circumstances of the habitat led to the emergence 

of various types of adaptive mechanisms in the organisms of these animals. One of them is fat 

accumulation. Features of fat metabolism, manifested in increased secretion and accumulation of 

lipids, inevitably have a direct impact on its structure. Considering the latter, the goal of this research 

is to establish the features of the microstructural organization of the liver of the Bactrian camel 

(Camelus bactrianus). The studies were conducted using liver tissue fragments. The sections were 

examined using a Jem-1011 electron microscope at magnifications of 2500–8000. Unlike other 

mammals, the camel’s liver exhibits a number of characteristics that can be linked to its lifestyle and 

metabolic requirements. Firstly, the significant number of hepatocytes and their special 

morphological characteristics indicate a high capacity for metabolism and detoxification. Secondly, 

the observed increase in the amount of fat deposits in hepatocytes may be a sign of adaptation to 

periods of food shortage. Our studies highlight the great diversity of dromedary liver structure and 

raise important questions about the influence of various environmental factors on its morphology. 

Keywords: camel; liver; ultrastructure; hepatocytes; lipid metabolism 

 

1. Introduction 

Camel farming is predominantly developed in the steppe and semi-desert regions of eastern 

Central Asia, Mongolia, and neighboring territories of Russia and China [1–3]. This is due to the fact 
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that the camel, as a livestock, successfully combines high meat and dairy productivity, as well as 

working capacity [2,4,5]. Camels have adapted to living in a sharply continental, dry climate with hot 

and dry summers and very cold and snowy winters [6–8]. In their natural habitat, they often face a 

lack of food and water. During the evolutionary development, these circumstances led to the 

emergence of various types of adaptive mechanisms in the organisms of these animals [9–11]. One of 

them is fat accumulation. Fat is a reserve supply of nutrients, energy, and water. Its accumulation in 

certain parts of the organism prevents excessive excretion of water. The liver is directly involved in 

fat metabolism since it synthesizes cholesterol and other forms of lipoproteins [12–14]. Features of fat 

metabolism, manifested in increased secretion and accumulation of lipids, inevitably have a direct 

impact on its structure [7,15–17]. Considering the latter, the goal of this research is to establish the 

features of the microstructural organization of the liver of the Bactrian camel (Camelus bactrianus). 

2. Materials and Methods 

The studies were conducted using liver tissue fragments obtained during the planned slaughter 

of five 2.5-year-old Kazakh camels raised on a private farm in the Astrakhan Region. Further 

processing of selected tissue samples for the purpose of producing ultrathin sections was carried out 

following generally accepted methods [18,19]. The sections were contrasted with a 2.0% aqueous 

solution of uranyl acetate and a lead citrate solution and examined using a Jem-1011 electron 

microscope (JEOL, Japan) at magnifications of 2500–8000. When designating cellular and non-cellular 

structures, the terminology corresponding to the International Histological Nomenclature was used 

[20].  

Complied with the basic requirements set out in the “Rules of Laboratory Practice” in 

accordance with the Order of the Ministry of Health and Social Development of the Russian 

Federation dated August 23, 2010 No. 708n “on approval of the Rules of Laboratory Practice”. Ethical 

principles for the treatment of animals were observed in accordance with the “European Convention 

for the Protection of Vertebral Animals Used for Experimental and Other Scientific Purposes. cets no. 

123.” All manipulations with the animals were carried out in accordance with the ethical principles 

approved by the Ethics Committees at the Russian Eye and Plastic Surgery Centre of the Bashkir State 

Medical University, Federal State Budgetary Educational Institution of Higher Education “Ural State 

Agrarian University” and Federal State Budgetary Educational Institution of Higher Education 

“Saint-Petersburg State University of Veterinary Medicine”. 

3. Results 

It was established that in the camel, the portal tracts lay predominantly in the area of the lateral 

edges of the lobules adjacent to each other and were formed by the interlobular arteries and veins, as 

well as the interlobular excretory bile duct. During histological examination, it was noted that the 

liver lobules of the studied animals have a prismatic shape and are clearly delimited from each other 

by a layer of connective tissue, which was confirmed by electron microscopic studies. The connective 

tissue reached its greatest development in the area of the portal tracts and its least development in 

the area of contact of the lobules with each other by their lateral surfaces (Figure 1, Figure 2).  
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Figure 1. Fragment of the portal tract of the camel liver. LD - lumen of the bile duct; E - bile duct epithelial cells; 

F - fibroblast cells; CF - collagen fibers; H - fragment of a hepatocyte with a lipid droplet in the cytoplasm. 

Electron microphotography. 

 

Figure 2. Collagen fibers between the lateral surfaces of the hepatic lobules in a camel liver. HC - hepatocyte 

cytoplasm; M - mitochondria; AgER - agranular endoplasmic reticulum channels; CF - collagen fibers between 

the liver lobules. Electron microphotography. 

The connective tissue separating the lobules gave rise to connective tissue strands, which 

thinned as they moved toward the center. In turn, the central vein lay surrounded by ring-shaped 

bundles of connective tissue, penetrated by sinusoidal capillaries flowing into it (Figure 3). 
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Figure 3. Annularly arranged bundles of connective tissue (CT) around the central vein in the camel liver. LV - 

lumen of the central vein; H - hepatocyte; endothelial cells (↑) of the vein wall; Er - erythrocyte in the lumen of 

the vein. Electron microphotography. 

The bulk of the camel liver parenchyma was formed by hepatocytes, which were epithelial cells 

of a round or polygonal shape. Electron microscopy showed that their cytoplasmic membrane was 

represented by two layers—outer and inner. They were separated by a light osmiophobic space, the 

width of which varied between 2.0 and 3.0 nm. Lining up in rows, hepatocytes formed hepatic beams, 

in the center of which there was a space for the accumulation and excretion of the bile they 

produced—the bile capillary. Thus, one pole of the cells—biliary—was directed into the lumen of the 

bile capillary formed by them, and the other, vascular, adjoined the wall of the sinusoidal capillary. 

The specified topographic location causes differences in the ultrastructural organization of these cell 

parts, determined by the function performed. 

The vascular (sinusoid) side of the hepatocytes facing the lumen of the hemocapillary formed 

numerous microvilli of varying length (Figure 4). This side of the hepatocytes and the endothelial 

cells lining the entire surface of the sinusoid capillaries and their long processes formed a space called 

the Disse space.  
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Figure 4. Vascular (sinusoid) side of a hepatocyte (H) in camel liver. V - hepatocyte villi; M - mitochondria; GER 

- granular endoplasmic reticulum channels; R - ribosomes; LD - lipid droplet; EP - endothelial cell processes; 

endothelial cell pores (↑); perisinusoidal space of Disse (↑↑); SL - sinusoid lumen. Electron microphotography. 

Short microvilli were located mainly in the presinusoidal space, while long ones penetrated it 

and, passing through the pores of the sinusoid endothelial cells lying on the discontinuous basement 

membrane, penetrated into its lumen, directly contacting the blood. In many areas of the Disse space, 

a three-dimensional network of thin collagen fibers was detected together with fibroblasts (Figure 5). 

In some areas, not only the processes of the sinusoid endothelial cells but also their elongated large 

bodies containing a large flattened nucleus were visible in the field of view. The cytoplasm of 

endothelial cells contained ribosomes and polyribosomes, single short cisterns of the granular 

endoplasmic reticulum, small oval mitochondria, and a large number of vesicles and bubbles.  

 

Figure 5. Sinusoidal side of a hepatocyte (H) in camel liver. F - fibroblast; dilated channels of the granular 

endoplasmic reticulum (↑↑); LD - lipid droplet; V - hepatocyte villi; collagen fibers (↑) in the perisinusoidal space 

of Disse. Electron microphotography. 

The opposite (biliary) surface of the hepatocytes, facing the bile capillary, formed many 

microvilli facing its lumen (Figure 6). Very often, in the cytoplasm of hepatocytes near the bile 

canaliculi, in addition to long cisterns of granular endoplasmic reticulum, free ribosomes, and 

polyribosomes, the Golgi complex was clearly visible in the form of flattened cisterns arranged in 

parallel stacks with numerous vesicles surrounding them. This probably indicates the participation 

of the described organelle in the synthesis of bile components.  
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Figure 6. Bile canaliculi with villi (V) on the biliary side of a camel liver hepatocyte. H - hepatocyte; desmosomes 

(↑); GC - Golgi complex; M - mitochondria; GER - granular endoplasmic reticulum channels; R - ribosomes and 

polyribosomes. Electron microphotography. 

It should be noted that the lateral parts of the liver cells near the bile capillary were in contact 

with each other via dense osmiophilic desmosomes, which provided increased strength of the 

intercellular connection.  

The nuclei of the hepatocytes were sometimes located in the center, sometimes eccentrically. 

Their position also depended on the amount of inclusions accumulated in the cytoplasm, especially 

of a lipid nature. Two layers separated by a light strip of perinuclear space represented the nuclear 

membrane. The nuclear matrix was electron-light in its composition. Inclusions of finely dispersed 

euchromatin were distinguishable. At the same time, heterochromatin in the form of small 

conglomerates was concentrated along the inner nuclear membrane. The sizes of the hepatocyte 

nuclei varied, with one or two electron-dense nucleoli being detected in almost every one of them 

(Figure 7). 
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Figure 7. Structure of a camel liver hepatocyte. NN - nucleolus in the nucleus; LD - lipid droplet; M - 

mitochondria; GER - granular endoplasmic reticulum channels; R - ribosomes and polyribosomes. Electron 

microphotography. 

In addition to round and oval mitochondria with thin cristae and dark mitochondrial matrix, 

elongated thin cisterns of granular and short bubble-shaped tubules of smooth endoplasmic 

reticulum and accumulations of glycogen and lipid droplets were detected in the cytoplasm of 

hepatocytes. Very small glycogen granules in the cytosol of hepatocytes were both scattered and 

grouped, but most often surrounding fat droplets. In the case of accumulation of lipids in the 

cytoplasm of hepatocytes, as a rule, many large lipid droplets were detected. 

Sometimes hepatocytes with small and medium-sized fat droplets were found, and these 

inclusions were located predominantly in the cytoplasm of the sinusoid pole of hepatocytes (Figure 

8). It should also be noted that their accumulation occurred most intensively in the hepatocytes of the 

peripheral and middle zones of the liver lobules, rather than in their center.  

 

Figure 8. Structure of a camel liver hepatocyte. H - hepatocyte; N - nucleus; LD - lipid droplets; M - mitochondria; 

GER - granular endoplasmic reticulum channels; sinusoidal capillaries (↑). Electron microphotography. 

In the liver of the animals studied, perisinusoidal fat-accumulating Ito cells, which are 

characterized by collagen synthesis, were very often found (Figure 9). These are elongated stellate 

cells, localized most often within the Disse space, but they were also often detected in the connective 

tissue stroma of the liver lobules, especially near the portal tracts. With a strong accumulation of 

lipids, their large drops displaced the nucleus to the periphery of the cell, thereby changing its shape. 

In addition to lipid droplets, many cisterns of the granular endoplasmic reticulum were 

characteristically detected in the cytoplasm of these cells.  
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Figure 9. Fat-storing Ito cell in the camel liver. H - hepatocyte; NI - Ito cell nucleus; LD - lipid inclusions; GER - 

granular endoplasmic reticulum channels; hepatocyte villi in sinusoids (↑). Electron microphotography. 

Large dendritic cells with high phagocytic activity, stellate macrophages (Kupffer cells) (Figure 

10), were found in the lumens of sinusoidal capillaries. They had one large nucleus of an elongated 

oval or irregular shape, sometimes with strongly jagged edges. A large amount of heterochromatin 

was determined in the nuclei, which lay on the internal karyolemma or were diffusely located in large 

clumps throughout the nuclear matrix. 

 

Figure 10. Stellate macrophage (Cooper cell) in the liver of a camel. H - hepatocyte; SM - stellate macrophage; 

NM- macrophage nucleus; LS - sinusoid lumen; LD - lipid inclusions; M - mitochondria; lysosomes and 

phagolysosomes (↑). Electron microphotography. 

These cells were anchored with their basal ends in the bifurcations between hepatocytes, while 

their bodies and processes lay freely in the lumen of the sinusoidal capillary.  

This type of cell was characterized by optically dark cytoplasm, which was due to the high 

content of ribosomes, polyribosomes, small granules and vesicles, lysosomes, and heterogeneous 

phagolysosomes. Their cytoplasm could also contain many rounded small mitochondria, a well-
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developed Golgi complex, and short cisterns of the granular endoplasmic reticulum. Sometimes parts 

of obsolete erythrocytes and hemosiderin inclusions were found in the cytoplasm. Also, in many 

areas of the liver parenchyma, along with the presence of stellate macrophages, many sinusoidal 

capillaries were filled with strands of connective tissue (Figure 11). 

 

Figure 11. Connective tissue (CT) strands and a stellate macrophage (Cooper cell) (SM) in the lumen of a dilated 

sinusoidal capillary of camel liver. G - hepatocyte; N - nucleus; L - lipid inclusions; M - mitochondria; lysosomes 

and phagolysosomes (↑). Electron microphotography. 

4. Discussion 

Unlike other mammals, the camel’s liver exhibits a number of characteristics that can be linked 

to its lifestyle and metabolic requirements [2,5,8]. 

Firstly, the significant number of hepatocytes and their special morphological characteristics 

indicate a high capacity for metabolism and detoxification [21,22]. The narrow sinusoids and 

widened spatial thresholds observed in the liver may facilitate efficient interactions between 

hepatocytes and Kupffer cells, which is critical for immune defense and metabolism in settings where 

parasitic and microbial infections are highly likely.  

Secondly, the observed increase in the amount of fat deposits in hepatocytes may be a sign of 

adaptation to periods of food shortage. It may also indicate a role for the liver in regulating energy 

metabolism and accumulating nutrient reserves necessary for survival in arid conditions [23–25]. 

The observed differences in the structure of the cellular tissue may also reflect the interaction of 

the liver with other organs and systems. For example, the presence of a branched vascular system 

may indicate the need for more intense perfusion associated with increased metabolic demands 

during physiological activity in camels [1–3,10]. Thus, increasing vascular supply may be a key aspect 

in adapting to their environmental conditions.  

Our studies highlight the great diversity of dromedary liver structure and raise important 

questions about the influence of various environmental factors on its morphology. These results can 

form the basis for further research in the field of comparative anatomy and physiology, as well as for 

assessing the health and productivity of camels in pasture and farm animal husbandry conditions. 

It is also worth noting that the specificity of the liver microstructure may be useful for veterinary 

practice, in particular for the development of preventive measures against liver diseases in camels. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 August 2025 doi:10.20944/preprints202508.0836.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0836.v1
http://creativecommons.org/licenses/by/4.0/


 10 of 12 

 

Understanding the liver’s unique adaptations may help develop less invasive diagnostic and 

therapeutic methods, which in turn may improve the care of these animals [26–28].  

This study sheds light on important aspects of the microstructural organization of the 

dromedary liver and highlights the need for further study of this topic to better understand the 

adaptive mechanisms that allow this species to thrive in extreme conditions. 

5. Conclusions 

The structural organization of the liver of the Bactrian camel does not differ fundamentally from 

that of other mammals, although it does have some peculiarities. The liver of camels is characterized 

by a strong development of fibrous connective tissue not only in the portal tracts, but also between 

hepatocytes, in the lumen of sinusoidal capillaries, and even in small quantities in the persinusoidal 

spaces of Disse. A large number of fat-accumulating Ito cells are noted, participating in the synthesis 

and accumulation of collagen fibers. Along with the pronounced fatty infiltration of most 

hepatocytes, they may also indicate an important role of the liver in lipogenesis in this animal species. 

During the study of the microstructural organization of the liver of the one-humped camel, 

many unique features were revealed, reflecting the adaptation mechanisms of this species to extreme 

living conditions. Characterization of the histological structure of the liver demonstrates a high 

degree of development of various cellular elements, such as hepatocytes, Kupffer cells and cellular 

elements of mesenchymal origin, which indicates a complex functional organization of the organ.  

Structural changes such as increased sinusoid size and vascular network features indicate high 

metabolic activity and the ability to accumulate nutrients necessary for survival in conditions of low 

moisture and food supply. The data obtained are important for understanding the physiology of the 

dromedary camel liver and can also serve as a basis for further research in veterinary medicine and 

zoology.  

The analysis of the liver microstructure also opens up new horizons for studying diseases of this 

animal, which can contribute to the development of more effective diagnostic and therapeutic 

methods. The study of the microstructural organization of the dromedary camel liver emphasizes the 

importance of the adaptation of this species to its habitat and opens up new perspectives for studying 

the functional biology and ecology of camels in general. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org, Figure S1: title; Table S1: title; Video S1: title. 
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