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 The action of lead intoxication was studied in pregnant albino rats exposed to lead 
acetate at the dose of 45 mg/kg/day. The structural changes of the placental barrier in 

the body of a pregnant female are caused by long-term lead acetate intoxication. This 

has an impact on the growth patterns, development of the structural organization of 
tubular bones in the early ontogenesis. In particular it influences the processes of 

ossification, epiphyseal plate and zone of indifferent cartilage and proliferation inside it 

as well as zone of the definitive cartilage, diaphysis, metaphysis and the articular 
cartilage. 
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INTRODUCTION 
 

 Exogenous effects of lead on the reproductive system of the body are widely discussed in the scientific 

literature. It’s known that lead is able to cause morphofunctional changes in the placenta and affects the 

development of fetus and newborn [1, 2]. Scientific interest in functioning of the skeletal system processes has 

been especially increased. There are evidences that the skeleton is characterized by considerable plasticity. 

Through various metabolic processes it also has a sensitive reaction to the action of chemical factors [3, 4, 5]. 

The studies conducted by V.S. Pikalyuk and M.V. Griganov prove an ability to influence the osteogenic 

processes of lead intoxication [6, 7]. However, the problem of the influence of environmental factors on the 

structure, growth and form development of skeletal bones remains poorly resolved. Therefore the necessity to 

study the effects of lead intoxication on the postnatal development of the bone tissue in tubular bones in mothers 

during the pregnancy has been arisen (pilot study). 

 

Methods: 

 The work was performed in outbred white rats being in reproductive age. Pregnant females received lead 

acetate per os at the dose of 45 mg/kg/day. Interpretation of results of the experiment was carried out as 

pregnant females were sacrificed at 15, 16, 17, 18, 19, 20, 21 days of pregnancy. The condition of a breed in the 

postnatal period was also taken into account. 

 An applied integrated methodological approach included morphological and histochemical methods, 

including electron microscopy, light microscopy and histochemistry, macroscopic and microscopic 

morphometry.  

 

Main Part:  

 On the daily administration of lead acetate to white rats with 8-day pregnancy at the dose of 45 mg/kg we 

revealed changes to the structure of placenta, and the functional state of the mother-placenta-fetus system as a 

whole. The degree of change was dependent on the time of exposure to lead.  
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 According to our previous results [8] there’re numerous inclusions in the cytoplasm of giant cells, which 

indicate an increased activity of phagocytic cell activity. The amount of glycogen granules is reduced in 

"glycogenic" cells. They are replaced by hollow spaces. At this stage of the pilot study it was established that in 

the maternal side of the placenta there was a significant dilatation of the vascular lacunas. "Glycogen" cells were 

detected in their lumen in addition to blood elements. Haemostasia and platelet aggregation were the most 

evident. In the fetal part of the placenta we also revealed significant hemodynamic disorders and metabolic 

changes. We found the pronounced changes to cytotrophoblast, syncytiotrophoblast in the beams of the 

labyrinthic zone. In syncytia glycogen granules are replaced by vacuole-like cavities. The thickness of 

cytotrophoblast and syncytiotrophoblast considerably varies narrowing in the area of fetal blood vessels. 

Necrotic changes were revealed in some areas of cytotrophoblast along with degenerative processes. 

 When analyzing the results to identify characteristics of limb bones ossification in white rats after lead 

intoxication it was revealed that lead acetate causes intoxication in mother, and has a direct osteotoxic effect on 

the fetus. Lead acetate affects the rate of intrauterine ossification of cartilage in fetal skeleton as it has an ability 

to penetrate the placental barrier (Table 1). 

 
Table 1: Length of ossification segment in anlages of the front and hind limbs in embryos exposed to lead acetate. 

Administration of 

lead acetate 

Fore limb Hind limb 

Brachium Ulna 

 

Radix Femur Tibia Fibula 

8-15 days 2330 ± 49 2250 ± 72* 1880 ± 80 1666 ± 59 1915 ± 54 1800 ± 47 

16-20 days 2250 ± 49 2013 ± 81* 1550 ± 65* 1610 ± 57 1755 ± 61* 1671 ± 48* 

21 days 2000 ± 50* 1785 ± 67* 1125 ± 53* 1500 ± 51* 1587 ± 60* 1462 ± 49* 

Control group (20 

days) 

2368 ± 50 1515 ± 66 1958 ± 44 1708 ± 47 1950 ± 52 1884 ± 58 

*significant as P < 0.05 

 

 It was established that ossification centers in the cartilaginous anlages of fore limbs appear a day earlier 

than in the hind ones, and the process of ossification is slower. The most convenient period to study ossification 

impairment in the limb cartilage arising under the influence of toxicants occurs in 20-day-old fetuses as was 

shown by earlier studies of the dynamics of ossification at different stages of normal embryogenesis in rats [9]. 

For this reason we decided to study the effect of lead acetate on ossification of the lower limbs in 20-day-old 

fetuses and newborns. Mean dimensions of ossification centers in limb skeletal bones of fetuses and neonates in 

the control group and in the test group of animals exposed to lead acetate are shown in the Table 2. Analysis of 

measurement results showed that the following parameters are reduced in 20-day-old fetuses and newborns: 

maximum length and width of the points of ossification in the upper and lower extremities; maximum length 

and width of points of ossification in long tubular bones of the lower and upper limbs. 

 
Table 2: Average values of the centers of ossification in the anlages of limb bones in the skeleton of fetuses and neonates in the control  

group and in the test group of animals exposed to lead acetate. 

Bone 20th day of pregnancy Newborns 

Control Lead acetate Control Lead acetate 

Length width length width length width length width 

Brachium 2.75 ± 

0.05 

1.50 ± 

0.08 

2.65 ± 

0.13 

1.45 ± 

0.1 

4.74 ± 

0.17 

1.90 ± 

0.11 

4.25 ± 

0.06 * 

1.95 ± 

0.03 

Ulna 2.85 ± 
0.17 

0.9 ± 
0.05 

2.65 ± 
0.03 

0.75 ± 
0.02 * 

5.40 ± 
0.05 

1.24 ± 
0.24 

4.65 ± 
0.02 * 

0.90 ± 
0.04 

Radix 2.50 ± 

0.08 

0.60 ± 

0.03 

2.40 ± 

0.03 

0.65 ± 

0.16 

3.80 ± 

0.1 

0.82 ± 

0.07 

3.65 ± 

0.04 

0.50 ± 

0.02 * 

Femur 2.15 ± 

0.05 

1.50 ± 

0.02 

1.80 ± 

0.02 * 

0.80 ± 

0.02 * 

4.70 ± 

0.06 

1.43 ± 

0.06 

3.60 ± 

0.02 * 

1.80 ± 

0.02 * 

Tibia 2.50 ± 
0.05 

1.0 ± 
0.01 

2.10 ± 
0.03 * 

0.80 ± 
0.02 * 

4.00 ± 
0.06 

1.43 ± 
0.04 

4.27 ± 
0.01 * 

1.15 ± 
0.01 * 

Fibula 2.65 ± 

0.05 

0.68 ± 

0.05 

2.40 ± 

0.05 * 

0.60 ± 

0.05 

4.40 ± 

0.12 

1.22 ± 

0.01 

1.12 ± 

0.05 * 

1.07 ± 

0.01 * 

*significant as p < 0.05 
 

 Earlier on his to chemical study we have identified significant differences in chondrocytes of bones in rats 

whose mothers were exposed to lead intoxication compared with the control group of animals [10]. At this stage 

of the study it was found that the content of basic and acidic proteins in chondrocytes of rats of the test group is 

less on one point, glycogen - more than in the control around one point, and GAG less - about 0.5 point.  

 Morphometric characteristics of epiphyseal cartilage of the long tubular bones in albino rats at different 

period of postnatal development in normal animals and those whose mothers were exposed to lead acetate are 

presented in Tables 3 and 4.  

 



940                                Larisa Vladimirovna Grizlova and Elena Alekseevna Yakimova 2014 

Advances in Environmental Biology, 8(10) June 2014, Pages: 938-942 

 
 
Table 3: Morphometric characteristics of epiphyseal cartilage in long tubular bones of albino rats at different terms of postnatal  

development in normal animals and those whose mothers were exposed to the lead acetate. 

Days of development Thickness of epiphyseal plate, µm Thickness 

indifferent cartilage zone, µm 

Thickness of 

proliferating 

cartilage zone, µm 

C
o
n

tro
l g

ro
u
p
 

 

Newborns 235.09 ± 16.00 21.65 ± 2.95 126.48 ± 10.13 

10 days 224.68 ± 19.0 18.56 ± 1.40 122.16 ± 2.74 

20 days 166.77 ± 13.46* 16.14 ± 1.29 96.29 ± 4.57 

30 days 119.09 ± 8.18** 15.18 ± 1.44 65.48 ± 2.43* 

60 days 106.09 ± 7.47 * 14.90 ± 0.54 64.76 ± 5.48 

T
est g

ro
u
p
 

 

Newborns 200.54 ± 18.51** 18.94 ± 1.69 109.22 ± 12.68 

10 days 168.91 ± 14.81** 17.22 ± 1.41 85.16 ± 8.73* 

20 days 135.28 ± 10.81** 15.68 ± 1.89 73.37 ± 6.80* 

30 days 101.46 ± 8.52** 14.32 ± 1.36 54.02 ± 5.28 

60 days 75.02 ± 6.14** 13.68 ± 1.20 39.67 ± 3.65** 

Significant differences * - p ≤ 0.05; ** - p ≤ 0.001 compared to the animals of the control group. 
 

 Table 3 shows that in animals of the test group there’s narrowing of epiphyseal plate of the distal femoral 

epiphysis by 36.6% (p ≤ 0.05). There was change to the zonal structure of epiphyseal cartilage and the number 

of cells and intercellular substance in indifferent cartilage and proliferation zone were also increased. The width 

of this zone was decreased by 14.8% (p ≤ 0.05). Proliferation zone of epiphyseal cartilage in the test group of 

animals was narrowed by 21.9% (p ≤ 0.05). In this zone we could see a concentration of cells that form 

columns, while chondrocytes acquire cuneated form. In some areas these columns of chondrocytes lose their 

continuity and longitudinal location. There’s an inhibition of mitotic cell activity and only single figures of 

mitosis are observed; the number of proliferated cells number decreases by an average of 45.48% (p ≤ 0.05). 

 In the area of the definitive cartilage a column-shaped arrangement of chondrocytes and their number is 

reduced (Table 4). There is a violation of synthetic processes and increase in bone resorption process. The 

length of this zone has decreased by 29.3% (p ≤ 0.05). 

 
Table 4: Morphometric characteristics of epiphyseal cartilage of the long tubular bones of albino rats at different terms of postnatal  

development in normal animals and those mothers were exposed to the lead acetate. 

Days of development Thickness of definitive 
cartilage zone, µm 

Trabecular length 
of the  

primary 

spongiosa, µm 

Number of osteoblasts 
in the primary 

spongiosa, units. 

Number of proliferating cells 
in the proliferative zone, 

units. 

C
o
n

tro
l g

ro
u
p

 

  

Newborns 86.96 ± 6.64 345.08 ± 28.83 38.17 ± 3.48 10.13 ± 1.68 

10 days 83.96 ± 7.60 * 234.01 ± 20.94 * 43.23 ± 4.37 13.98 ± 1.19 * 

20 days 54.34 ± 5.31 * 97.09 ± 8.95 ** 57.87 ± 5.42 * 25.97 ± 2.64 ** 

30 days 38.43 ± 3.57 ** 68.96 ± 5.95 ** 89.18 ± 7.48 * 38.19 ± 3.65 ** 

60 days 29.86 ± 1.50 ** 45.78 ± 4.11 ** 108.58 ± 9.67 * 45.19 ± 4.00 ** T
est g

ro
u
p
 

  
Newborns 72.38 ± 6.12 186.83 ± 15.05 27.13 ± 1.68 8.17 ± 0.78 

10 days 66.53 ± 5.93 * 169.79 ± 12.06 31.19 ± 2.78 9.48 ± 0.99 * 

20 days 46.23 ± 4.76 89.04 ± 7.08 ** 39.69 ± 3.64 ** 18.26 ± 1.46 ** 

30 days 33.12 ± 3.11 54.98 ± 5.16 ** 59.68 ± 4.84 ** 23.18 ± 1.58 ** 

60 days 21.67 ± 2.56 29.68 ± 2.19 ** 84.13 ± 7.69 ** 30.50 ± 3.15 ** 

Significant differences * - p ≤ 0,05; ** - P ≤ 0,001 compared to animals of the control group. 
 

 Definitive cartilage zone gradually transformed into a zone of destructive cartilage where there is an intense 

destruction of chondrocytes, its thickness is equal to the thickness of one or more cells. The margins are quite 

clear. This area is immediately adjacent to the metaphysis, where it’s penetrated by capillaries and osteogenic 

cells. Such deep structural changes conversion could be explained by the high metabolic activity of osteogenesis 

zone. For this reason the presented bone area is exposed to the extreme factor. 

 Definitive cartilage zone merges with the destruction area. Chondrocytes are arranged in 1-2 rows in this 

area. In animals whose mothers were exposed to lead the destruction zones are preserved only in peripheral 

regions. Cancellous tissue in osteogenesis zone of the tubular bones in the test group of animals is presented by 

middle-cellular structure of primary and secondary spongiosa, the margin between them is quite conventional.  

 In the area of the primary bone formation there’re resorption cavities with osteoclasts on the periphery. 

Some of these cavities merge into a big one forming irregularly shaped "caves". The depth of penetration of 

trabecular cartilages in the bone marrow decreases while the cancellous tissue less penetrates into the cavity. 

 Osteocytes are smaller, have a modified form with hyperchromatic nuclei, often they’re seen solitary. An 

amount of osteoblasts and trabecular length of the primary spongiosa are decreased by 46.1% (p ≤ 0.05). 

 Osteoblasts are arranged as short chains or fragmented. Osteoid substance is absent around them. 

Cancellous tissue occupies a large area due to a big layer. Destructive changes are seen in the solid bone 
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substance that contains osteoid layer with one or two rows of osteoblasts. Their number is reduced in the 

primary spongiosa by 20.4% (p ≤ 0.05). 

 The morphometric study of longitudinal sections of the middle diaphysis of long tubular bones is 

characterized by an active restructuring, which leads to the gradual replacement of primary coarse-fibered tissue 

by a compact plate tissue. Adhesion trabecular lines were ruptured. Bone tissue becomes saturated with mineral 

substances. There’s delayed reorganization of primary osteogenic generations to secondary ones. Haversian 

structures acquired characteristic typical to young bones. Regressive changes in the compact tissues are also 

confirmed by dilatation of less-mineralized bone material, internal and external surrounding plates while 

simultaneous narrowing of osteon layer. There’s a considerable inhibition of apposition growth. 

 Preparations of longitudinal sections of the mid diaphysis contain mosaic areas with different color 

intensity. These mosaic areas follow each other and the bone looks "maculosus". In compact substance there’re 

signs of osteoporosis which is accompanied by lacunar rosette-like bone trabeculae, decreased areas of a 

compact substance. In the course of numerous mosaic strips there’re atrophic areas of the bone tissue. All these 

findings testify for the deep morphological remodeling. In the compact tissue of diaphysis there’s a minor 

depression of the main cellular bone structures. Resorptive activity of osteoclasts leads to an increase in 

intramedullary canal. Bone tissue contains less intermediate substance. 

 There’s a narrowing of the external layer of rat tubular bone periosteum by 17.1% (p ≤ 0.05), while the 

margins between the outer and inner layers are rough. There’re single fibroblasts and elastic fibers. Osteogenic 

cells are less active and less proliferative. Mitotic figures can be rarely seen among them. Intensely colored 

areas alternate with pale ones in those places where the destructive changes can be seen. This indicates a 

violation of calcium metabolism. Newly formed tissue is transparent and spongiose. An average thickness of 

periosteum in animals of the control group is 1.5 times more than that in the area of the diaphysis. In 60-day rats 

it’s equal to 46.25 ± 2.96 µm. In the experiment this figure is significantly decreased down to 37.73 ± 3.07 (p ≤ 

0.001). The total width of the inner layer of the diaphysis was decreased by 7.2% (p ≤ 0.05); the width of this 

layer in metaphysis was decreased by 14.2% (p ≤ 0.05). 

On external surface of endosteum the resorption fields or osteoid/bony growths are quite frequent. The 

number of osteoblasts in endosteum and in periosteum of diaphysis in one field of histological preparation was 

decreased by 29.3% and 24.4% (p ≤ 0.05). This indicates that in the area of endosteum of diaphysis there is 

retardation of the growth processes. The most pronounced remodeling can be seen in metaphyses where lead 

accumulates predominantly. Considerable rarefaction and reduction in the number of bone trabeculaes with 

dilatation of bone marrow spaces were seen in the test group animals compared to the control group. This can be 

judged by the specific volume of the bone trabeculaes and an increase in the number of osteoclasts in 

metaphyses in the experimental group of animals.  

 When the lead acetate get into the body of the test animals there’s an enhanced resorption of cortical bone. 

The resorption of this bone is accompanied by the growth of fibrous tissue and with the involvement of 

osteoclasts in this process. In the initial stages of resorption osteoclasts concentrate nearness vessels near the 

surface of the bone, where bone lacunae originate. Vessels with fibroblastic cells submerge in these lacunae and 

then fibroblastic cells replace the bone. 

 There’re also significant differences in the structure of an articular cartilage between the control group of 

animals and experimental ones which was by confirmed by the earlier studies [11, 12].  

 

Conclusion: 

 Studies have shown that the effect of lead salts on the body of pregnant albino rats leads to 

morphofunctional changes of hemato-placental barrier which leads to growth and developmental lagging of 

young animals. The skeletal system is most sensitive to such changes. 

 The most sensitive structure of the skeleton in case of lead intoxication includes tubular bones, epiphyseal 

and diaphyseal periosteal zones inside them. 

 Furthermore, intoxication of pregnant female rats by a lead acetate at the dose of 45 ml/kg/day causes 

destructive changes in metaepiphysial growth plate in the zone of diaphysis and in the articular cartilage of the 

long tubular bones. 

 Thus, according to morphometry, histochemistry and electron microscopy lead intoxication affects the 

structure, growth processes and the process of form-shaping of the long tubular bones. 

 

Summary: 

1. An exposure of the body of pregnant albino rats to the lead salts causes the development of placental 

insufficiency, which is most intensively manifested in the labyrinth zone of placenta. This process is 

accompanied by degenerative changes: approximation of blood vessels of the labyrinth zone to the edge of 

trophoblastic beam with the thinning of cyto- and syncytiotrophoblast; vacuolization and clarification of matrix 

with the formation of cavities in the cytoplasm, components of trophoblast. 
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2. Maternal organism intoxication with lead acetate causes the following destructive changes of the skeletal 

system in first generation of breed: damage to the zonal structure; disruption of the structure of the tissue matrix; 

structural damage to cartilaginous and osteogenic cells; disturbances in proliferation, differentiation and 

synthetic activity of chondroblasts, chondrocytes of osteogenic cells; delay of growth and shaping of bone 

tissue. 
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