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A b s t r a c t  
 

In the mechanisms of action of various adverse factors on mammals a special part is as-
signed to the regulatory systems. The main regulatory system of cellular metabolism is the cAMP sys-
tem. Exposure of animals to external -radiation results in the modification of different biochemical 
processes in cells. In studying diversified intercellular disorders after irradiation it is, therefore, neces-
sary to assess functioning of the cAMP system and its key enzyme, the adenylate cyclase. Note that 
the data published on the effect of -irradiation are mainly obtained with laboratory animals which 
are significantly different from farmed animals in the body features, whereas the effect in highly pro-
ductive animals is of special interest. We studied an influence of -irradiation on cAMP in Tsygai 
sheep for the first time and showed a cAMP modification both in the lymphocytes susceptible to ra-
diation and in the thrombocytes which are relatively resistant. In this paper the data are shown on 
the basal and prostaglandin E1 stimulated activity of adenylate cyclase in radiosensitive blood cells of 
sheep exposed to total external -radiation at a dose of 4 Gy (LD50/30) for 15 days. In the intact sheep 
lymphocytes a basal and E1 stimulated adenylate cyclase activity was 2.82±0.64 pmol/(min ½ 106 
cells) and 2.49±0.43 pmol/(min ½ 106 cells), respectively, and in the thrombocytes it amounted 
10.90±1.90 pmol/(min ½ 108  cells) and 15.70±5.70 pmol/(min ½ 108  cells), respectively. From the 
first day after exposure, changes have been revealed in all activity components of this enzyme in 
the lymphocytes and thrombocytes of sheep. The lymphocytes showed a 1.7-4.3-fold increase in 
the basal adenylate cyclase activity on days 1-15 and 1.3-3.8-fold increase in the stimulated activ-
ity on days 1-10. In thrombocytes the basal activity of adenylate cyclase increased 2.7 and 3.5 
times on days 1 and 7, respectively, and the prostaglandin E1 stimulated activity of adenylate cy-
clase grew 6.9 and 5.7 times on days 1 and 7 after exposure, respectively. In all other days the 
adenylate cyclase activity components of interest didn’t practically differ from the initial level. 
This suggests that i) modification of adenylate cyclase activity is caused by postradiation alteration 
of the structural-functional condition of plasma membranes in these blood cells, and ii) in the pe-
ripheral blood there is a prevalence of more resistant to radiation damage subpopulation of lym-
phocytes and thrombocytes with increased adenylate cyclase activity. 
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nophosphate system (cAMP), basal and prostaglandin Е1 stimulated activity of adenylate cyclase. 

 

Messenger (regulatory or signal transduction) systems play a special role 
in mechanism of action of various adverse factors on mammalians [1-3]. The 
systems of cyclical adenosine and guanosine monophosphate (cAMP, cGMP), 
Са2+-calmodulin and inositol phosphate are considered the most important in-
tracellular modulators while signal molecules (hormones, mediators, transmit-
ters) are thought as the most important extracellular ones [4-8]. The signal of 
many hormones, mediators and other primary messengers is transduced by so-
called signaling pathways. For example, cAMP-dependent signaling is mediated 
by functional interaction between membrane -adrenoreceptor, G-proteins and 
adenylate cyclase, the key enzyme of cAMP system [5, 9]. The signal from a 
primary messenger (signal molecule) activates the respective cytoplasmic mem-
brane receptor, which modifies the conformation of G-protein molecules. De-
pending on whether Gs- or Gi-protein is activated, adenylate cyclase is either 
activated or inhibited, thus resulting in either stimulation or inhibition of cAMP 
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(secondary messenger) synthesis [10-12]. Then, cAMP acts as a secondary intra-
cellular messenger activating or inactivating cellular protein kinases, which phos-
phorylate effector proteins and modulate (increase or decrease) their activity. 
The resulting metabolic and functional changes specific for a particular hormo-
nal signal modulate the respective cell functions [3, 13, 14]. The cAMP-depen-
dent system of transmembrane signal transmission regulates cell metabolism, 
proliferation and differentiation. It is also important in hematopoiesis, cell im-
munity, apoptosis regulation, viral infections and other processes [15-23].  

Intracellular messenger systems were shown to be involved in hemostasis 
and in platelet activation during aggregation [24]. Experiments showed that ade-
nylate cyclase signaling participates in stimulation of biochemical processes re-
sulting in changes of RBC pliability. Thus, the deformed RBCs are more effec-
tive in providing of oxygen to organs and tissues. The need to activate calcium 
signal cascade to increase the membrane and overall cellular stability was also 
found [25-29]. Furthermore, potential cross-interaction between cAMP and 
Са2+-dependent signaling was demonstrated [30]. 

Experiments showed that animal exposure to -rays alters the organ and 
tissue levels of catecholamines, corticosteroids, serotonin and other biologically 
active substances, which serve as signal molecules activating membrane receptors 
of the respective signal paths [5, 31]. Laboratory [3-35] and livestock animals 
[36-38] showed post-radiation injury of enzymatic activity of some messenger 
systems in several cell populations. 

External γ-radiation of mammals in the dose of 2-10 Gy first injures the 
hematopoietic system causing the loss of bone marrow and peripheral blood cells 
[31]. Thus, a question arises whether this exposure activates the cAMP-depen-
dent signaling in radiosensitive peripheral blood cells. It should be noted that 
most publications on this topic are the studies in laboratory animals, which sig-
nificantly differ from livestock in their physiology and resistance to radiation. 

We examined basal and prostaglandin Е1 stimulated activity of adenylate cy-
clase in sheep lymphocytes and platelets after whole-body external exposure to -rays. 

Technique. The study was held in tsygay breed sheep (n = 16) of the 
live weight 32.35±0.08 kg/animal, kept in vivarium of All-Russian Research 
Institute of Radiology and Agrarian Ecology. The animal feed was balanced 
according to the norms set by All-Russian Research Institute of Animal Hus-
bandry (Moscow Region). The control group comprised 8 animals kept in 
conditions similar to those of experimental animals. The experimental ani-
mals (8 sheep) were exposed to whole-body external -radiation in a half-lethal 
dose (LD50/30) of 4 Gy, dose intensity being 1 Gy/h delivered by instrument 
GUZh-24 (Russia) (137Cs as radiation source; -quant energy of 0.67 meV). 
The radiation dose and its homogeneity were controlled by dosimeter VAJ-18 
(Germany) with spherical ionization chamber VAK-253 (Germany). Homo-
geneity of -field was within ±15 %. 

Blood was taken from jugular vein before irradiation and at 1, 3, 5, 7, 
10 and 15 days after it. Sodium citrate (0.38 %) was used as anticoagulant. 

Sheep platelet and lymphocyte populations were isolated by a previ-
ously developed method of ours [39]. The isolated cells were twice washed in 
solution containing NaCl, KCl, K2HPO4, MgCl2, dextrose and N-(2-hydroxy-
ethyl)piperazine-N-(2-ethane sulfonic acid) (145, 5, 0.5, 1, 3 and 10 mM, re-
spectively, рН 7.4). Cells in these suspensions were counted in Goryaev’s cham-
ber. The platelet aliquot was frozen before the enzymatic reaction; the lympho-
cyte aliquot was lyzed in hypotonic medium at 4 С for 30 min. 

Adenylate cyclase activity in cell lysates was determined according to 
conditions described previously [40]. [14С]-ATP and [3Н]-cAMP (GE Health-
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care, UK) were used as labeled enzymatic reaction substrates. Enzymatic reac-
tion products were separated by thin-layer chromatography using Silufol UV-254 
plates (Chemapol, Czech Republic). The incubation medium for enzyme assay 
included ATP, GTP, МgSO4, ethylene-glycol-di/β-aminoethyl ester/-N,N-acetic 
acid (EGTA), creatine phosphate, Tris-HCl at 0.5, 0.1, 10, 2, 5 and 50 mM, 
respectively, as well as creatine kinase (40 units/ml) and 37 kBq of 14С-ATP 
(рН 7.4). Reaction was carried out in cell homogenates in the presence of 
EGTA, phosphodiesterase inhibitor, at 30 С. Hormone-stimulated adenylate 
cyclase activity was assayed in the presence of prostaglandin Е1 (10-5 М) by the 
difference between the results with and without the activator. Sample radioactiv-
ity was assayed by liquid scintillation counter SL-4220 (Intertechnique, France). 

The statistical processing was carried out using Student’s t-test and Mi-
crosoft Excel 2003 package. Differences between control and experimental group 
results were deemed significant at p < 0.05. 

Results. The viability of isolated cell population was 90-95 % as deter-
mined by trypan blue testing. 

The basal adenylate cyclase activity is the component of the activity 
of cAMP-forming enzyme associated with its catalytic subunit in the absence 
of cell stimulation and inhibition by physiologically active compounds [41]. 
This activity in lymphocytes from non-irradiated sheep lymphocytes was 
2.82±0.64 pmol/(min ½ 106 cells). These data are similar to this parameter in 
bovine livestock: 2.0±0.4 pmol/(min ½ 106 cells) [38]. Control animals showed 
virtually no changes in the enzyme activity throughout the study. 

External -radiation caused an increase in basal adenylate cyclase activity 
in sheep lymphocytes since the day 1 after exposure (Table). At this term, it was 
1.73 times higher than in intact animals. The basal activity of this enzyme in lym-
phocytes increased 2.15-fold and 4.32-fold on day 3 and day 5, respectively. The 
elevated values of this parameter were also recorded on day 7, day 10 and day 15 
when they were 2.22 times, 2.94 times, and 3.26 times higher, respectively. Thus, 
the basal adenylate activity in sheep lymphocytes after radiation exposure stayed 
1.7-4.3 times above the baseline during the whole study.  

The basal and stimulated activity of adenylate cyclase in lymphocytes and platelets 
of intact and irradiated tsygay breed sheep (Х±х; vivarium of All-Russian Re-
search Institute of Radiology and Agrarian Ecology, Obninsk) 

Lymphocytes, pmol/(min ½ 106 cells) Platelets, pmol/(min ½ 108 cells) Day after 
exposure basal activity stimulated activity basal activity stimulated activity 

Baseline (n = 16) 2.82±0.64 2.49±0.43 10.90±1.90 15.70±5.70 
C o n t r o l  ( n o n - i r r a d i a t e d ), n = 8 

1 2.66±0.64 2.53±0.42 10.40±1.20 17.20±3.30 
3 2.97±0.55 2.34±0.36 10.10±0.08 16.50±2.30 
5 2.64±0.52 2.33±0.31 11.20±1.30 15.40±0.90 
7 3.03±0.44 2.47±0.28 10.20±0.07 17.20±0.80 

10 2.92±0.36 2.32±0.44 9.80±1.20 13.30±0.54 
15 3.11±0.45 2.45±0.33 9.60±1.10 13.50±0.70 

T e s t  a n i m a l s, n = 8 
1 4.88±0.56* 7.35±0.26* 26.80±7.10 107.50±27.50* 
3 6.05±1.62 7.33±0.11* 9.70±3.00 16.60±6.30 
5 12.17±1.44* 21.80±5.16* 5.10±0.60* 13.40±3.40* 
7 6.25±1.10* 5.31±1.01* 38.60±8.60* 89.50±16.50 

10 8.30±1.90* 3.22±0.58 9.50±2.10 9.80±4.50 
15 8.20±0.60* 6.91±0.51* 9.30±0.70 8.30±0.30 
* р < 0.05 compared with control animals. 

 

The stimulated adenylate cyclase activity is measured in the presence of 
effector, prostaglandin Е1 and it is related to the function of hormonal subunit of 
the enzyme [41]. The mean value of this parameter in lymphocytes of all 16 ani-
mals before irradiation was 2.49±0.43 pmol/(min ½ 106 cells). The stimulated 
adenylate cyclase activity was 2.95 times higher than the value in intact animals on 
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day 1 after exposure. It increased 2.94 and 3.76 times on day 3 and day 5, respec-
tively, and 1.83 and 1.29 times on day 7 and day 10, respectively. This parameter 
increased 2.78 times on day 15. Thus, the adenylate cyclase activity stimulated by 
prostaglandin Е1 in lymphocytes after -radiation exposure remained elevated 1.3-
3.8 times during the entire study. 

As the basal adenylate cyclase activity is associated with catalytic sub-
unit and the stimulated activity is associated with hormonal subunit, the pro-
gression of radiation injury in sheep resulted in increased function of both sub-
units in adenylate cyclase enzymatic complex of lymphocytes. 

Basal activity of adenylate cyclase in platelets of all 16 intact animals was 
15.70±5.70 pmol/(min ½ 108 cells) similar to 13.33.0 pmol/(min ½ 108 cells) re-
ported for bovine livestock [38]. The basal activity of the enzyme in sheep erythro-
cytes increased 2.73-fold on day 1 after irradiation and returned to baseline on day 
3. It decreased 2.14-fold on day 5 but again elevated 3.54 times on day 7. The fur-
ther values were similar to those in control animals. Prostaglandin Е1-stimulated 
adenylate cyclase activity in platelets increased 6.85 and 5.70 times on day 1 and day 
7 after exposure, respectively. It was similar to the control values in other days. 

Thus, whole-body external -irradiation in sheep modified adenylate cy-
clase activity in all examined blood cell types. Namely, radiation induces the ac-
tivation of adenylate cyclase signaling both in radiosensitive lymphocytes and in 
platelets, which are moderately radioresistant. In lymphocytes of irradiated ani-
mals, the activity of both adenylate cyclase components increases since day 1; in 
platelets, the increase is observed in days 1 and 7. The processes observed in the 
enzymatic complex of both cell types involve both catalytic and regulatory sub-
units of adenylate cyclase. The functional activity of adenylate cyclase first de-
pends on macromolecule conformation and its interactions with cytoplasmic 
cell membrane component because adenylate cyclase is an integral part of this 
membrane [41]. Biological membranes are one of ionizing radiation cell targets 
[42-44]. Therefore, the altered activity of adenylate cyclase in lymphocytes and 
platelets is surely caused by changes in structure and function of their plas-
matic membranes induced by radiation exposure. 

The observed increase in adenylate cyclase activity after external γ-
irradiation may be also explained by other causes. The progression of radiation in-
jury is known to be accompanied with lymphocyte death in interphase [41]. It is 
manifested by changes in lymphocyte subpopulations in peripheral blood of ani-
mals: the massive loss of the most radiosensitive В-lymphocytes (D0 is 1.2-1.8 Gy) 
and the increase in relative proportion of more radioresistant T-lymphocytes (D0 
is 2.0-2.5 Gy for the majority of subpopulation and it exceeds 10 Gy in 3-8 % of 
cases) [45]. Therefore, lymphocyte population circulating in blood after radiation-
induced cell death at initial and main stages of radiation injury mostly comprises 
the most radioresistant T-lymphocytes persisting in peripheral blood for a long 
time (lifespan of 200-300 days) [45, 46]. It may be reasoned that increased ade-
nylate cyclase function in lymphocytes is related not only to the cytoplasmic 
membrane post-radiation modification but it is mostly is a feature of blood cells 
remaining in circulation after loss of the most radiosensitive lymphocyte sub-
population. It is evident that only the most radioresistant lymphocytes persist after 
-radiation in sheep peripheral blood. These cells may have different cytoplasmic 
membrane properties, higher content of protein [47] and intracellular calcium 
[48], and elevated adenylate cyclase activity. 

Platelets are even more radioresistant than T-lymphocytes. The normal 
lifespan of platelets in circulation is 5-10 days; therefore, the peripheral blood 
platelet population is largely replaced within 7 days [49]. While -radiation ef-
fects on adenylate cyclase activity in platelets at initial period of radiation injury 
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are mostly mediated by cytoplasmic membrane alterations, the enzyme activity 
changes on day 7 seem to be related to release of new cells with new qualitative 
properties from the bone marrow pool into the circulation. The new platelet 
population shows significantly higher adenylate cyclase activity, both basal and 
stimulated with prostaglandin Е1. 

Thus, the onset of acute radiation injury after whole-body external -
radiation of sheep in a half-lethal dose demonstrated the modified function of 
adenylate cyclase both in radiosensitive lymphocytes and in relatively radioresis-
tant platelets. Lymphocytes showed increased basal and stimulated (by pros-
taglandin Е1) activity during the entire study duration, i.e. for 15 days (the 
maximum was observed on day 5). In platelets, basal and stimulated adenylate 
cyclase activity increased 2.7- and 3.5-fold on day 1 and 6.9- and 5.7-fold on 
day 7 while no significant changes were observed at other time points. Therefore, 
adenylate cyclase signaling was activated in both cell types. The detected modifi-
cation of enzyme activity seems to be caused by post-radiation alterations in 
structure and function of cell cytoplasmic membranes that affect enzymes of 
adenylate cyclase signaling cascade, and by changes in peripheral blood mor-
phology where the cell sub-population more resistant to radiation injury and 
having an increased adenylate cyclase activity predominates.  
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