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Abstract 
The primary culture bone marrow (PCBM) cells are often used in different cytological investiga-
tions. Here we study the behavior of porcine unstimulated PCBM cells during the cultivation. DNA 
cytophotometry analyses revealed that immature white blood cells (WBC) such as lymphoblasts, 
monoblasts and myeloid cells during cultivation process reduced the DNA content in the nuclei. 
This resulted in displacement of the DNA histogram to the left and increased the content of diploid 
nuclei. This is a result of cells unblocking which are in G2 cell cycle phase. We also observed dip-
loid pathological cells with accessory or fragmentized nuclei. However, the data with erythroid 
cells (EC) somehow demonstrate the opposite tendency. During the late stage of cultivation, the 
number of immature EC with the tetraploid DNA is increased. 
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1. Introduction 
The bone marrow (BM) mixed, unstimulated cells have very short duration of life, often used by different cyto-
logical and virological researches. They are a suitable model for determining the differentiation and develop-
ment of the various hemo- and immunopoetic cells [1] [2]. Morphologically BM cells are usually detected with 
the help of Giemsa staining. In the human it has been shown that cytophotometric investigations can be useful 
for the detection of BM cell physiology and cell differentiation [3] [4]. Very little is known about swine BM in 
the culture research. Here, in this study we examine and give a detail description of the changes that take place 
in the primary porcine BM culture during the cultivation. Apparently the pool excreted from the porcine BM 
hemo- and immunopoietic cells were very heterogenic. Besides the hemopoietic cells, it includes cellular ele-
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ments of the lympho- and myelopoiesis [5]. The mechanism of acquired alterations of immuno- and erythro-
poiesis has been the subject of countless publications [6] [7]. However, no study so far has addressed the DNA 
level changes of erythroid and immune cells differentiation during cultivation. The regulation of bone marrow 
cells endomitosis has been studied almost exclusively in vivo using Feulgen staining or flow cytometry of bone 
marrow. These studies usually have shown that both cell ploidy and the number of cells increase or decrease in 
response to a respective greater or lesser stress. But ploidy is a unique characteristic of all types of cells, changes 
in ploidy should provide an excellent marker for the identification of cellular variation and differentiation pat-
tern [8]. This report describes a new approach by which bone marrow cells may be studied in vitro. The BM 
culture population, composition changes, their survival rate as well as the distribution of the early forms of the 
BM to the ploidy classes are emphasized. 

2. Materials and Methods 
The primary culture of bone marrow (PCBM). The porcine PCBM was obtained from the femoral bones of 6 
healthy, 6 to 8 weeks old piglets. Using previously established method described by Lajhta [5], the data in which 
they study human BM unstimulated culture. The initial amount of the cells we used for each experiment were 
106 cells/ml. Cells were cultured in the RPMI 1640 supplemented with 10% fetal bovine serum, L-glutamine 
and 2% penicillin-streptomycin (SIGMA), at 37˚C incubator in the atmosphere of CO2 [2]. For various experi-
ments cells were examined at 24, 48, 72 and 96 hours post cultivation. 

Microscopic analysis. PCBM cells smeared on a glass slides were fixed with 100% methanol and stained by 
Giemsa modified solution (azure B/azure II, eosin and methylene blue) according to the manufacturer’s protocol 
(Sigma-Aldrich). Subsequently cells were examined under the light microscope and images were collected ran-
domly at the 1250× magnification. At least 200 nucleated cells in every experiment were analyzed. The cell siz-
es and morphologic characteristics were evaluated as described previously [9]. 

DNA ploidy analyses. DNA content is expressed on a “c” scale, in which 1c is the haploid amount of nuclear 
DNA seen in normal (non-pathological) diploid populations in G0/G1. DNA cytophotometric measurements 
identify nuclei as aneuploid if they deviate more than 10% from 2c, 4c, 8c, or 16c; i.e. if they are outside 2c ± 
0.2, 4c ± 0.4, 8c ± 0.8, or 16c ± 1.6. The total number of all cells in euploid regions of the DNA histogram res-
caled by the mean corrective factor (1.8c - 2.2c, 3.6c - 4.4c, 7.2c - 8.8c, and 14.4c - 17.6c) was also calculated. 
The ploidy status of cells was determined by the amount of DNA expressed as the DNA index (DI). Swine un-
stimulated lymphocytes were used as a diploid standard for DNA measurement. Cytophotometry of standards 
showed that the variability of DNA content did not exceed 10% [9]. 

Animal euthanasia. Euthanasia was done according to Guide for the Care and Use of Laboratory Animals, 
AVMA Guidelines on euthanasia and local guideline for animal care and use (Institutional Review Board/Inde- 
pendent Ethics Committee of the Institute of Molecular Biology of NAS, IRB00004079). For effective euthanasia 
container was filled with CO2 gradually and used constant exposure of 75% - 80% carbon dioxide for 15 minutes. 

Statistical analysis. All experiments were repeated 3 times and statistical analyses were performed using the 
Student’s t test. SPSS version 14.0 software package (SPSS Inc., Chicago, IL, USA). 

3. Results 
Morphological parameters of erythroid cells in the culture of human bone marrow were first described in detail, 
by Lajhta [5]. We use similar approach to study the swine culture of unstimulated bone marrow cells during the 
early stage of cultivation, from 24 to 96 hours. The changes in the population structure of the nucleated cells of 
swine PCBM is shown in Table 1. At the first 24 hours after cultivation only 50% of hemo- and immunopoetic 
cells were alive, among mentioned 50% the population of the white blood cell (WBC) elements was predomi-
nant about 35% and the population of erythroid cells (EC) was about 15%. During the process of cultivation 
from 24 to 96 hours the percentage of live cells decreased more than three times. At 96 hours of cultivation the 
population of live cells were only 17%, of which about 11% were WBC and the approximately 5% were nuc-
leated EC.  

Although at the initial stage of cultivation we observed certain mitosis in the culture, however they disap-
peared after 48 - 72 hours post cultivation. During the cultivation we observed steady destruction in both WBC 
and EC. The higher percentage destructed cells were observed in all types of the immature cells compare to 
those of differentiated cells. While, total number of immature WBC reduced about six times, during cultivation  
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Table 1. Quantitative analyses of PCBM during cultivation period from 24 to 96 hours (%).                             

Cells 
The cultivation period (hours)  

24 48 72 96 

Monocytes 1.1 ± 0.4 0.8 ± 0.1 0.4 ± 0.1* 0.3 ± 0.1* 

Monoblast’s 2.8 ± 0.5 1.9 ± 0.3 0.8 ± 0.1* 0.6 ± 0.2* 

Lymphocytes 17.8 ± 1.3 8.8 ± 0.7 7.1 ± 0.6* 5.8 ± 0.6* 

Lymphoblast’s 1.6 ± 0.3 1.3 ± 0.2 0.8 ± 0.1 0.2 ± 0.1* 

Myeloid cells 1.1 ± 0.4 1.7 ± 0.6 1.7 ± 0.3 0.4 ± 0.2 

Neutrophil’s 3.6 ± 0.6 2.9 ± 0.4 3.1 ± 0.4 1.9 ± 0.3* 

Eosinophils 6.1 ± 0.6 4.9 ± 0.6 2.2 ± 0.4* 1.8 ± 0.3* 

Basophil’s 1.0 ± 0.1 0.3 ± 0.1 0.1 ± 0.05* 0.1 ± 0.05* 

Proerythroblast’s 2.8 ± 0.4 0.8 ± 0.1* 0.2 ± 0.1* 0.2 ± 0.1* 

Big late erythroblast’s 5.4 ± 0.5 2.7 ± 0.4 2.2 ± 0.4* 1.6 ± 0.1* 

Small late erythroblast’s 7.1 ± 0.6 9.0 ± 0.8 4.4 ± 0.6* 3.0 ± 0.5* 

Cells with accessory or fragmentized nuclei 0 0.1 ± 0.01 0.4 ± 0.1** 0.5 ± 0.1** 

Pathological cells 0.2 ± 0.3 2.1 ± 0.3 1.9 ± 0.3 1.4 ± 0.3** 

Destructed cells 49.4 ± 5.1 62.1 ± 2.6 75.2 ± 6.2 82.8 ± 6.4** 
*significant decrease compared with control (p < 0.05 - 0.001). **significant increase compared with control (p < 0.05 - 0.001). 
 
period. The all type bone marrow differentiated cells number reduced only about three times. At the beginning 
of cultivation differentiated WBC were about 29% their number strongly decreased after 96 hours and were 
about 10% (Table 1).  

Similar phenomenon was observed in the erythroid cells. At the 24 hours the early cells, the erythropoiesis 
precursors (proerythroblasts) were about 3% and after 96 hours their number progressively vanished from the 
culture remaining only 0.2%. However, late erythroblasts such as polichromatophils or ortochroms were more 
viable. These cells together with differentiated white blood cells such as lymphocytes, neutrophils and eosi-
nophils compose the main cells population of the primary unstimulated swine BM culture after 96 hours from 
the cultivation (Table 1). Representative images of normal PCBM cells collected at 48 hours are presented in 
Figure 1.  

We have previously demonstrated the presence of atypical lymphocytes with additional nuclei in the primary 
culture of unstimulated swine BM in the later stages of cultivation [9]. Interestingly in the present experiment, 
we have identified not only atypical lymphocytes but erythroblasts as well, on the 48 hours of cultivation 
(Figure 2(D)), although the number of such cells did not exceed 0.5% of the total cell population. During the 
cultivation of PCBM over 48 hours we also noted the appearance of various cells with abnormal nuclei 
(Figures 2(A)-(D)). It is worth to mention that pathological changes of primary erythroblasts described often in 
mammalian bone marrow [5]. However, we also identified and presented degenerative forms of neutrophils 
(Figure 2(C)). As expected, when we measure the content of DNA in the nuclei of abnormal cells it did not ex-
ceed 2c.  

DNA ploidy analyzes. Then, we analyzed DNA amount of PCBM cells in different stage of cultivation at 24, 
48, 72 and 96 hours. As shown in Figure 3 the WBC differentiated cells, (Figures 3(A)-(C)) as well as late 
erythroblasts, (Figure 3(G)) are diploid (2c). While immature cells such as lymphoblasts (Figure 3(D)), mo-
noblasts (Figure 3(E)), mieloid cells Figure 3(F)), big-basophil erythroblasts (Figure 3(H)) and proerythrob-
lasts (Figure 3(I)) are existed with diploid, hyperdiploid and tetraploid nuclei. Minor population in monocytes 
was observed to be hyperdiploid cells (less than 5%). Notably only the monoblasts population contained the 
higher rate of DNA (hypertetraploid) during the first day of cultivation, which were about 10% Figure 3(E). 
Meanwhile hypertetraploid cells were detected in proerythroblasts during the all cultivation period (Figure 3(I)). 
In general all early forms of PCBM may contain the tetraploid DNA amount. During cultivation the number of 
tetraploid lymphoblasts decreases, and diploid lymphoblasts increased. And after 96 hours the lymphoblasts 
main mass consist of diploid cells (about 70%) and the number of tetraploid cells is only 10% (Figure 3(D)).  
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Figure 1. Normal PCBM cells at the 48 hours of cultivation. 
(A) From above to below: lymphoblast, monoblast, lympho- 
cyte; (B) From above to below: polychromatophil erythrob-
lasts, monocyte; (C) From above to below: myeloid cell, 
lymphocyte; (D) Basophil erythroblast; (E) From the left to 
the right oxiphil erythroblast, band neutrophil; (F) Eosino-
phil; (G) Late erythroblasts; (H) Above: proerythroblast. Cells 
were stained with Giemsa. Barr 10 µm.                         

 
The monoblasts (Figure 3(E)) basically consist of diploid and hyperdiploid cells and the tetraploid cell number 
is only 10% of the population but unlike lymphoblasts the also 10% of their population are hypertetraploid cells. 
After 48 hours the tetrapliod cell number reaches 20% and hypertetraploid cells completely vanish. After 72 and 
96 hours of cultivation di- and triploid monoblasts are survived and tetraploid monoblasts completely vanished 
Figure 3(E). For myeloid cells (Figure 3(F)) at 24 hours the DNA content is the following. The 30% of the 
cells are di- and triploid, 40% of the cells are tetraploid. After 48 hours the 60% of the cell population are diplo-
id, while tetraploid myeloid cells are disappeared at all. After 72 and 96 hours of cultivation only diploid cells 
are exist with the higher rate. 

Analysis of the EC cells for DNA ploidy classes has shown slightly different patterns (Figure 3(I)). At 24 
hours of cultivation 20% of the proerythroblasts existed in diploid, triploid and tetraploid and the 40% are 
hypertetraploid cells (Figure 3(I)). After 48 hours the number of diploid and hypertetraploid proerythroblasts 
decreases about two times and the number of the cells in the G2 phase of mitotic cycle correspondingly increas-
es. Already to 72 hours diploid proeritroblasts completely disappear, the number of triploid cells is 50% of the 
population, while the percentage of the tetraploid and hypertetraploid cell number decreased by 96 hours the 
main part of the population which are present in the G2 phase and correspondingly the proportion of the triploid  
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Figure 2. Atypical cells with accessory or fragmentized 
nuclei. (A) and (B) Lymphocytes, 48 h of cultivation; (C) 
From above to below: destroyed cell, band neutrophil, hy- 
persegmented neutrophil, 48 h of cultivation; (D) From above 
to below: late binucleate erythroblast, oxiphil erythroblast 
and destroyed cells, 48 h of cultivation; (E) Lymphocyte 72 
h of cultivation; (F) Lymphocyte 96 h of cultivation. Cells 
were stained with Giemsa. Barr 10 µm.                         

 
and hypertetraploid cells are only 15% of the population. 

Similar to the proerythroblasts the diploid big basophilic erythroblasts are found only on the 24 and 48 hours 
of cultivation, and if the first day the diploid and triploid cells are distributed equally then by 48 hours of culti-
vation the main mass of the cells constitute triploid (about 80%). Already at 72 hours the all population of the 
cells are hyperdipliod (triploid) they are in the process of DNA synthesis (Figure 3(H)). After 96 hours all ba-
sophilic erythroblasts are tetraploid. Consequently the DNA reduplication time in the proliferate erythroid cells 
of the PCBM is about 24 - 36 hours.  

4. Discussion 
The reason for the greater lability of early cells may be explained in two ways. It could be because they are less 
stabile or of their maturation-differentiation. However, the decline in the number of immature cells through their 
differentiation within 96 hours makes it less likely, since the differentiation of immature cells in primary cul-
tures of unstimulated cells usually takes relatively longer period [1]. 

The appearance of abnormal cells during cultivation of primary culture bone marrow at 48 to 96 hours is due 
to culture condition, they are unstimulated and growth factors are absent.  

The important data were obtained by analyzing the distribution of the nucleus of PCBM cells by DNA ploidy 
classes. Among the all WBC cells, we identified only a small population of monoblasts that containing hyperte-
traploid amount of DNA. This population was observed only at the 24 hours and they disappear at the later stage 
of cultivation.  
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Figure 3. Distribution of the investigated cell nuclei by the DNA ploidy classes. (A) Lymphocytes; (B) Monocytes; (C) 
Neutrophils; (D) Lymphoblasts; (E) Monoblasts; (F) Mieloid cells; (G) Late erythroblasts; (H) Basophil erythroblasts; (I) 
Proerythroblasts.                                                                                          
 

In general, DNA synthesis for early monocyte series (monoblasts, promonotcyts and monocytes) is obvious 
phenomenon at in vitro [10]. Moreover, the earliest forms of monocytic cells contain predominantly either 
hyperdiploid or tetraploid amount of DNA in the nucleus [10]. 

Van Furth, also described in the above mentioned paper that the timing of the cell cycle in promonocytes 
(monoblasts) is about 13 to 14 hours. Therefore, DNA synthesis of the cells of monocytic series that could not 
reach the G2 phase forms the population hypertetraploid cells.  

Analyzing the distribution of the nuclei by ploidy classes, in the basic cell culture of bone marrow it was ob-
vious that, immature white blood cells (lymphoblasts, monoblasts, and myeloid cells) during cultivation process 
reduced the DNA content in the nuclei. This is the reason of the displacement of the DNA histogram to the left 
and increasing the content of diploid nuclei. This is of course a result of cells unblocking, which are in G2 cell 
cycle phase. Similar changes were described in short-term culture of human leukemic cells [11]. 

The EC cells however demonstrate the opposite tendency. With the longer cultivation time, the number of 
cells with the tetraploid DNA is increased. Without any doubts, this is the result of blocking cells in G2 cell 
cycle phase.  

The reason of the different behavior of WBC and EC cells could be different ways of their growth function in 
the PCBM. 

As a consequence of changes in the distribution of DNA content in the nuclei of erythroid cells coincide ap-
proximately with the data on the cell cycle in a variety of mammalian cells, however, the mitotic cycle of eryt-
hroid cells in porcine PCBM moderately slow like human PCBM.  

So in human the cell cycle is about twenty four hours and S is twelve to fourteen hours [12]; in the dogs, the 
cycle is reported to be nine to ten hours [13] and the S period six to seven hours. In this case, our data which we 
have shown an incomplete cell cycle are essentially a block of erythroid cells in G2 phase. The latter is likely 
because of the destruction of erythroblastic islands during isolation of PCBM. As described by [14], direct con-
tact with the macrophages was necessary for this enhanced erythroblast proliferation (including the proliferating 
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erythroblasts: proerythroblasts and basophilic erythroblasts), which resulted from decreased transit time in the 
G0/G1 phase of cells. Moreover, culturing erythroblasts in the absence of macrophages results in a dramatic de-
crease in proliferation, maturation, and enucleation, and as a result these cells blocked in G2 [15]. 

The myelopoetic cells don’t need macrophages to regulate their cell cycle and that’s why they can complete it. 
The lymphoid cells ability to division in the in vitro conditions is known for a long time [16] [17]. 
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