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Abstract 

 
This study was carried out to investigate the histological and ultrastructural changes that occurred in the embryo liver of Swiss Mice (Mus 

musculus) at the (14th and 18th) prenatal ages. To obtain this target, specimens from liver were collected from ten mice, which were set as 

prenatal (14th) day (18th) day (G2). Routine histological stains, Harris hematoxylin and Eosin (H&E) and special stain, Periodic Acid Schiff 

(PAS) in addition to Scanning Electronic Microscope, were conducted to achieve current results. The histological examination of liver that 

revealed many events occurred with progress of age, hematopoietic elements, central macrophages and megakaryocytes were decreased in 

number, there capsule was decreased in measure of thickness. Also, the hepatocytes and their nuclei increased in volume. The sinusoids were 

gradually decreased in diameter from (G1), to (G2). Central vein showed increase in diameter. The glycogen was distinguished in the 

cytoplasm at 18th day of gestation by using PAS. Megakaryocyte cells were found in the liver at two studied ages as large cells with large 

pale appearing nucleus. Scanning electronic microscope examination of liver revealed that the hepatoblast at the 14th gestation day (irregular 

in shape) like a "potato”. At the (G1) hematopoietic foci appeared like clusters shaped, while at (G2), it was less obvious than the previous 

age, and were scattered throughout the parenchyma. The present study showed many histological changes in the structural and functional of 

liver through the progress of gestation.  
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Introduction 

The liver is the largest gland in the body and receives 

25% of the cardiac output (Lautt, 2010). It is the first site of 

processing for many of the body’s nutrients and metabolizes 

carbohydrates, lipids, and proteins (Koeppen and Stanton, 

2010). Exhibiting both endocrine and exocrine properties, 

endocrine functions include the secretion of several 

hormones such as (Insulin-like growth factors, 

Angiotensinogen, and Thrombopoietin), while the major 

exocrine secretion is in the form of bile. The liver is also 

essential for glycogen storage (Si-Tayeb et al., 2010). The 

liver develops from an endodermal hepatic bud that arises 

from ventral aspect of the distal part of foregut, just at its 

junction with the midgut (Singh, 2012). The liver consists of 

a number of cells, hepatocytes, endothelial cells, Kupffer 

cells, hepatic stellate/lto cells, and Fat storing cells 

(Gunasegaran, 2010). There are many studies on the liver 

development (Dawood and Khamas, 2017) in Indigenous 

Gazelle, (Hilmer et al., 2007) in rat, (Hashemnia et al., 2015) 

in chick embryo, (Schotanus et al., 2014) in canine, (Akat 

and Göçmen, 2014) in Amphibian. The use of animal 

models, such as the mouse, had identified many of the genes 

and molecular pathways regulating embryonic liver 

development (Zaret, 2008; Serup and Füchtbauer, 2010). 

Material and Methods 

Ten adult mice of both six (2 male and 8 female) were 

used and kept under laboratory conditions of temperature 20-

25ºC and allowed free access of food normal diet and tap 

water ad libitum. These adult mice weighted 35- 45 gram, 

and aged between 60-90 days. Vaginal smears were useful in 

timed mating to determine the presence of sperms. Mating 

can be confirmed by the presence of capulatory plug in the 

vagina up to 24 hours post (Fletcher and Weber, 2004). The 

morning on which the vaginal plug was found was referred to 

as Zero embryonic day (E 0), (Swartley et al., 2016). The 

mice were divided into two groups: The 14th days of 

gestation were set as a first group (G1). The second group 

comprised 18th days of gestation (G2). Mice were euthanized 

by anesthetizing with chloroform dropped in cotton pad, 

inside a sealed glass box (AVMA, 2013). Animals were 

dissected out, the abdominal cavity was opened by using a 

surgical scissor and the uterus was exposed, then the fetuses 

were removed from it, then washed with phosphate buffer 

saline and immersed in 10% neutral buffered formalin for (48 

hours) to prepared for histological study (Suvarna et al., 

2012). Then the specimen was trimmed and washed by tap 

water for 4-6 hours to remove the formalin solution, and then 

the specimens were prepared for light microscope study by 

dehydrated, cleared by xylene, and blocked in paraffin wax. 

Sectioning was made by using the rotary microtome 

thickness of sections (5-6 µm). Two types of stains were 

used, the Harris Hematoxylin and Eosin (H&E), and special 

stain, Periodic Acid Schiff (PAS) (Suvarna et al., 2012). 

Micromorphometric measurements included, central vein 

diameter, hepatic cell diameter, nucleus diameter, sinusoids 

distance, and liver capsule thickness, were measured using 

the color USB 2.0 digital image system (Scope Image 9.0-

china). For scanning electron microscope (SEM), the 

specimens were washed in two changes of cold (0.1 ml) 

phosphate buffer solution (PBS), pH 7.2 at 4ºC for one hour, 

the tissues were cut into approximately 1 mm² and put in 

fixative 3% Glutaraldehyde then incubate at 40ºC for 12-24 

hours, then pour of fixative and add the 1% osmium tetroxide 

solution and incubate in the cold room overnight then pour of 

osmium solution and rinse 3 times with PBS, dehydrated in 

graded alcohol solution ,and mounted on aluminums tube 
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with silver conducting paint, coated with Carbone by routine 

methods (Kashi et al., 2014). The specimens examined under 

a Philips field emission scanning electron-microscope in 

collage of Pharmacy, university of Al-Basra. Computer 

package (sigma plot V12.0/systat software) was used to 

conduct the histomorphometrical analyses. Data were 

presented as mean ± SE (standard error) and were analyzed 

by T-test by using analysis of variance (ANOVA) with 

significant level set on p < 0.05 and the differences among 

the groups were determined by Duncan's multiple range test 

(Systat Software Inc 2016). 

Results and Discussion 

Histological Study 

At 14th day of gestation (G1) 

The microscopic examination of present study revealed 

that the hepatoblasts have a large, basophilic nuclei very 

tightly packed which lead to difficulty to recognize 

individual cell shape (Fig. 1). Aggregation of hematopoietic 

cells are arranged in endoderm (a lot of the hematopoietic 

foci at this time appeared cord-shaped) with predominance of 

erythroid series, the hematopoietic compartment dominated 

the overall appearance of the liver at this age (Fig. 2,a & b). 

These changes were in accordance with those found 

previously in the liver of the developed mice by (Sasaki and 

Sonoda, 2000). Megakaryocytes were found in high numbers 

throughout the liver parenchyma, have large pale nucleus 

(Fig.4). These cells were also recorded in the embryo liver of 

mice by (Sasaki and Sonoda, 2000; Li et al., 2004) and 

(Schmelzer et al., 2006; Crawford et al., 2010). Sinusoids 

much larger volume with prominent endothelial (Fig. 1), 

central vein filed with blood and nucleated RBCs observed 

among them, and within hepatic vessels, central vein is lined 

by flattened endothelial cells with prominent nucleus (Fig. 1). 

The central macrophage surrounded by ring of nucleated 

erythrocytes (Fig. 1) these results are in accordance with 

(Kawane et al., 2001 and Chasis, 2006) who explained the 

function of the central macrophage to phagocytize extruded 

erythroblast nuclei at the conclusion of terminal erythrocyte 

differentiation. Interlobar septa were seen, that penetrated 

completely through the liver lobes by E14 (Fig. 3). This is 

agreement with (Le Douarin, 1975 and Houssaint, 1980). 

At 18th day of gestation (G2) 

 Appearance of hepatocytes were arranged in cords 

consist of (3-4) cells in thickness, within lobules with 

intervening small sinusoid, hematopoietic foci found 

scattered throughout the parenchyma and the hematopoietic 

compartment become smaller (Fig. 5). (Sonoda et al., 2001) 

showed increased contact the hepatocytes with each other 

and continue to form hepatic cords, which lead to small 

hematopoietic compartment. (Sorenson, 1963) reported at 

this time the hepatocytes were greatly outnumbered by blood 

cells of varying types and stages of differentiation, the 

hepatic cells are widely separated and hard to distinguish. 

Previous results have been seen in the present work (Fig. 5). 

Megakaryocytes are still present, but less than before age 

(Fig. 5). The erythropoietic activity decrease at this age, this 

is also denoted by (Kikuchi and Kondo, 2006) who 

mentioned that erythropoietic activity continues to decline, as 

the principal hematopoietic sites have shifted from the liver 

to the bone marrow, thymus, and spleen.  Red blood cells 

(RBCs) within sinusoids and hepatic vessels are anucleate, 

have uniform size (Fig. 5). Much glycogen granules within 

cytoplasm at this age (Fig. 6). These results coincide with 

(Crawford et al., 2010) whom explained that the 

hepatocellular cytoplasmic glycogen stores could be seen as 

clumped intracytoplasmic pink material with PAS staining 

and added that the glycogen stored in the liver during late 

development is critical for the maintenance of glucose 

homeostasis during the first few days of postnatal life. The 

erythropoietic activity decreases at this age due to the 

developing liver begins to shift from hematopoiesis activity 

to hepatic metabolism. 

Micro- morphometric Measurements 

Micro-morphometric measurement of the liver at G1 

and G2 of present study revealed that the capsule thickness 

decrease significantly (P<0.05) with progress of the ages 

(Table 1), (Sawada et al., 1989) study on rat demonstrated 

that the age was related with these changes of liver capsule 

thickness. Due to the hepatocyte proliferative which leads to 

a superficial tightening of the capsule then dilate and became 

thin. Through the progress of animal ages from (14th GD to 

18th GD) the central veins diameter increase significantly 

(P<0.05). Similar obvious changes of central veins diameter 

are recorded in rat and goat with increasing age by (Vollmar 

et al., 2002; Al-Hameary, 2013) respectively. This increase 

in diameter is to keep up with the increase in the size of the 

organ and organism. Also the hepatocyte diameter, increase 

significantly (P<0.05) with progress of ages. Similar 

hepatocyte growth is described previously in the liver of 

rodent and human by (Schmucker, 1990; Schmucker and 

Sachs, 2002) who indicated a change in the functioning of 

the cell and increase in volume through maturity. Table 1 

refer to significantly increased (P<0.05) the nucleus diameter 

to the G1 up to G2 respectively. Similar to (Vassy et al., 

1988) who revealed a similar development in rat liver due to 

increased cell efficiency. The sinusoids diameter decrease 

significantly (P<0.05) from G1 to G2 respectively. (Braet and 

Wisse, 2002; Kikuchi and Kondo, 2006) reported a same 

results. Because of the progress of age, the hematopoietic 

cells continue to decline, resulting in narrowing of the 

sinusoids and a decrease in their diameter.  

 

Table 1 : Central vein diameter, hepatic cell diameter, nucleus diameter, sinusoids distance and liver capsule thickness of mice 

embryo in different ages. 

Parameter 

Age Age 

 Central vein 

 diameter 

 Hepatic cell 

 diameter 

 Nucleus  

 diameter 

 Sinusoids 

 distance 

 Liver capsule 

 thickness 

 14th day  

 of gestation 

355.4110 ± 22.616 

 A 

200.3690 ± 4.452 

 A 

68.2856 ± 3.012 

 A 

118.5450 ± 9.614 

 A 

48.4800 ± 2.625 

 A 

 18th day 

 of gestation 

475.2272 ± 88.955 

 B 

317.0370 ± 3.416 

 B 

103.1866 ± 4.641 

 B 

86.7564 ± 3.878 

 B 

32.6284 ± 2.124 

 B 

Values represent mean ±S.E , different capital letters mean significant differences (P < 0.05) between different age of 

embryos. 
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Electron Microscopic Study 

 
 

The ultrastructural study of the liver showed that the 

embryonic stage at 14th day of gestation , perform the 

maximum of hematopoietic activity in the liver where the 

field is dominated by erythroblasts cells. The individual 

hepatoblasts (irregular in shape) could not be distinguished as 

a clearly defined cell (acquired a hexagonal shape) because 

they are very tightly packed and hepatoblasts cells were 

observed stuffed among the hematopoietic cells, the 

hepatoblasts shape like a "potato" (Fig. 8, Fig. 9). The 

sinusoids could be seen and comprised a much larger volume 

of the liver, filled with erythroblast at different stages of 

development (Fig. 9). Hematopoietic foci (erythroblastic 

island) appear very high density, which are shaped like 

clusters, throughout the entire picture of liver, especially, 

near and surrounding the vessels (Fig. 7, Fig.10). All these 

results are compatible with (Sasaki and Sonoda 2000; Tober 

et al., 2018) in mice embryo, where the liver contained the 

greatest proportion of hematopoietic precursors. 
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Figure (7) Scanning Electronic Micrograph of mice liver, at 

14th GD shows, clusters (C) of hematopoietic elements (He) 

on the whole picture. 1100 X. Scale bar, 10 µm. 

 

 

 
Figure (8) Scanning Electronic Micrograph, at 14th GD of 

mice illustrates the hematopoietic elements in different 

stages of development (He). Immature hepatoblastes 

observed stuffed among the hematopoietic foci (Hb). 4000X, 

Scale bar, 2 µm.  

 

 

  
Figure (9) High-magnification micrograph, at 14th GD of 

mice, illustrates the sinusoids pores (Sp) surrounded by 

hematopoietic elements (He), also showing sinusoids lumen 

(S) and erythrocytes (Er). 9000X. Scale bar, 1 µm.  

 
Figure (10) Micrograph of hematopoietic foci (He) near and 

surrounded the vessels of liver , at 14th GD of mice, portal 

vein (PV) with small size hepatic artery (Ha) . 1400X. Scale 

bar, 10 µm. 
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