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ATP activity in mouse bone marrow cells was in vitro estimated by expression of phospha- 
tidylserine on the outer membrane surface using FITC-labeled annexin. ATP induced apo- 
ptosis in bone marrow cells. Purinergic receptor antagonists PPADS and suramin modulated 
the apoptotic effect of ATP on hemopoietic cells. Acute and subacute administration of 
doxorubicin, an inductor of oxidative burst, decreased cell sensitivity to ATP and abolished 
its apoptotic effect. 
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The appearance of ATP acting as a signal molecule in 
the extracellular space can be induced by hypoxia, aci- 
dosis, mechanical deformation, stimulation of recep- 
tors, and membrane depolarization [6]. The amount of 
accumulated ATP is sufficient for activation of cells 
by the paracrine and autocrine mechanisms [6]. ATP 
acting via purinergic receptors modulates functional 
activity of cells in various tissues, cardiovascular acti- 
vity, contraction of skeletal and smooth muscles, endo- 
and exocrine secretion, adhesion of leukocytes, and 
immune, inflammatory, and platelet reactions [3,9]. 
Stimulation of blood cells with ATP is followed by 
changes in proliferation and differentiation of hemo- 
poietic cells, modulation of chemotaxis, release of 
cytokines or lysosomal enzymes, and generation of 
reactive oxygen species or nitrogen [10]. P72y and 
P2x/P2z purinergic receptors were found in mammalian 
bone man'ow cells (BMC) [20]. 

Modulation of apoptosis is an important compo- 
nent in the total biological effect of ATP. ATP in high 
concentrations produces apoptotic and total cytotoxic 
effects on various cells, which is mediated by changes 
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in intracellular calcium homeostasis. Among a variety 
of BMC, hemopoietic precursors are most sensitive to 
the cytotoxic effect of ATP [10]. 

The major mechanisms of cytostatic-produced in- 
jury in cells include damage to nucleic acids, changes 
in biomembranes, impairment of structural and func- 
tional characteristics in cell proteins, induction of mi- 
tochondrial dysfunction and cell death, and modula- 
tion of receptor-regulated signal pathways in cells 
[4,8]. 

Here we evaluated the role of purinergic receptors 
in apoptotic activity of ATP and studied in vitro and 
in vivo modulation of its effects in mouse BMC with 
doxorubicin (DR). 

MATERIALS AND METHODS 

Experiments were performed on male outbred albino 
mice weighing 20-25 g. Each series was conducted on 
5 animals. 

Apoptosis was detected immunocytochemically 
by the expression of phosphatidylserine on the outer 
membrane using FITC-labeled annexin and lumines- 
cence microscopy. In each preparation 200 cells were 
analyzed under an immersion objective (x900). The 
preparations were obtained after incubation of BMC 
(106 cells/ml) in medium 199 at 37~ for 1 h. The cells 
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were washed 2 times with Hanks solution, resuspen- 
ded in binding buffer, treated with annexin V-FITC 
and propidium iodide (Annexin V Apoptosis Detec- 
tion Kit, Caltag Lab.), and incubated in dark at room 
temperature for 15 min. 

T h e  in v i t ro  effect of ATP on BMC was studied 
during incubation of cells with ATP (1 mM, Reanal) 
at 37~ for 1 h. DR in a dose of lx l0  --6 M was added 
to the culture medium. The mice in vivo received single 
intramuscular injection of DR in a maximum permis- 
sible dose (6 mg/kg, acute treatment) or were repea- 
tedly treated with 0.95 mg/kg DR (1/10 LDs0, at 24-h 
intervals for 10 days, subacute treatment). The cells 
were preincubated with purinergic receptor antago- 
nists PPADS (100 ~vl, Sigma) and suramin (100 ~dVl, 
Sigma) for 15 min and then coincubated with ATP for 
l h ,  

The results were analyzed by Student's t test. 

R E S U L T S  

During 1-h incubation of BMC with 1 mM ATP (this 
concentration of ATP corresponds to the amount of 
this compound detected in the intercellular space du- 
ring cytolysis and inflammation [12]) the count of 
cells in the early stage of apoptosis and necrosis in- 
creased, while the number of viable cells decreased 
(Fig. 1). 

Suramin in a concentration of 100 ~Vl did not 
modulate the apoptotic and necrotic effects of ATP. 
Preincubation of cells with 100 ~M PPADS abolished 

the apoptotic effect of ATP and decreased the percent- 
age of cells in the early stage of apoptosis and secon- 
dary necrosis, but potentiated induction of necrosis by 
this compound (Fig. 1). Therefore, the apoptotic and 
necrotic effects of ATP on BMC are realized via P.,x 
receptors. Blockade of these receptors induces necro- 
sis in cells incapable of undergoing apoptosis. These 
findings and results of our previous experiments with 
induction of blebbing in the plasma membrane of BMC 
incubated with ATP [1] are consistent with published 
data [5,11]. It was reported that binding of ATP to 
P2X 7 receptors is followed by changes in the cyto- 
skeleton, opening of cationic channels, blebbing of the 
plasma membrane, and cell death. 

DR modulates the ability of ATP to cause transi- 
tory blebbing of the plasma membrane in BMC [1]. 
Single and repeated (10 days) administration of DR in 

v ivo  affects the sensitivity of BMC to ATP. Treatment 
with DR for 1 day decreased apoptotic activity of ATP. 
It should be emphasized that this xenobiotic had no 
apoptotic and necrotic properties. Ten-day treatment 
with DR prevented ATP-induced necrosis in cells. The 
relative number of viable cells returned no normal in 
both series. These data indicate that the alternative 
mechanism for cell death is not induced in cells incap- 
able of undergoing apoptosis (Table 1, Fig. 2). 

Incubation of BMC with DR in a concentration of 
lx l0  -6 M producing a membranotoxic effect [1] was 
followed by an increase in the count of apoptotic cells, 
induction of necrosis, and decrease in the ratio of via- 
ble cells. 

TABLE 1. In Vitro and in Vivo Apoptosis and Necrosis of BMC Produced by DR (% of total cell count, M-J:m) 
m 

Cell population 
Series 

living apoptosis secondary necrosis necrosis 

Control 

DR, 10 -6 M 

in vivo DR, 1 day 

In vivo DR, 10 days 

73.70• 

59.50-+3.56** 

69.25-+0.99 

61.40• 

13.78-+1.79 

21.71-+3.19" 

16.50-+2.13 

20.80• 

10.33• 

10.86-+0.60 

7.25• 

10.80-+1.78 

5.40-+0.67 

9.00• 

7.0-+1.7 

7.00-+1.58 

Note. Here and in Table 2: */><0.05, **p<0.01, and ***p<0.001 compared to the control. 

TABLE 2. Effect of Purinergic Receptor Antagonists PPADS and Suramin on Cytotoxicity of DR in Vitro (% of total cell count, 
M=m) 

Cell population 
Series 

living apoptosis secondary necrosis necrosis 

Control 

DR, 10 4 M 

PPADS and DR, 10 4 M 

Suramin and DR, 10 --6 M 

73.70-+2.89 

59.50-+3.56** 
65.20• 

63.20• 

13.78-+1.79 

21.71-+3.19" 

11.40-+2.41 

8.67-+1.54" 

10.33-+1.30 

10.86-+0.60 

3.60-+0.84*** 
2.17-+0.66"** 

5.40-+0.67 

9.0-+1.08"* 
21.25-+1.52"** 

25.0-+4.37*** 
I 
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Fig. 1. In vitro modulation of the effect of ATP (1 mM) on bone 
marrow cells with PPADS (100 pM) and suramin (100 pM): control 
(a), ATP (b), PPADS and ATP (c), and suramin and ATP (d). Here 
and in Fig. 2: living cells (1), apoptosis (2), secondary necrosis (3), 
and necrosis (4). */><0.01 and **/9<0.001 compared to the control. 
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Fig. 2. Effect of doxorubicin on apoptotic 
(1 mM) in bone marrow cells: control 
doxorubicin and ATP, 1 day (c) and 10 
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PPADS or suramin in 
vitro modified cytotoxicity of DR. The number of 
cells in the state of apoptosis or secondary necrosis 
significantly decreased, while the count of necrotic 
cells increased (Table 2). The ability of purinergic 
receptor antagonists to decrease apoptotic activity of 

DR is related to the xenobiotic-induced release of ATP 
into the extracellular space and paracrine effect of 
ATP. Despite high selectivity of antagonists in relation 
to exogenous ATP, PPADS and suramin caused apo- 
ptosis in cells in vitro treated with DR. The purinergic 
receptor antagonist suramin violates coupling of G 
proteins with receptors and inhibits phospholipase D. 
Moreover, suramin acts as an antagonist of P2x re- 
ceptors [7]. It can be concluded that observed suppres- 
sion of apoptosis-inducing activity of DR with sura- 
min is probably mediated by these mechanisms. 

Our results show that extracellular ATP induces 
apoptosis of BMC via P2x purinergic receptors. Acute 
and subacute administration of DR decreases BMC 
sensitivity to the apoptotic and necrotic effects of 
ATP. The observed properties of DR are of consider- 
able pathophysiological importance. They probably 
contribute to myelotoxic activity of this xenobiotic 
associated with the impairment of purinergic regula- 
tion in hemopoietic cells. 
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