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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: To investigate the role of hypercorticism in the 

pathogenesis of acute radiation sickness (ARS) and under 
conditions of increased radioresistance, assessing the theoretical 
and clinical significance of impaired protein-steroid interactions. 

Materials and Methods: An analysis was conducted of 
experimental data from irradiated animal models: chinchilla 
rabbits (n=20), dogs (n=15), WISTAR rats (n=63), guinea pigs 
(n=49), and BALB/c mice (n=32). Some animals underwent 
adrenal autotransplantation. Fluorometric and gel filtration 
methods were used to assess protein-steroid interactions; total-
body γ-irradiation was administered at doses inducing grade IV 
ARS. Data were statistically processed using Student's t-test. 

Results: A biphasic adrenocortical response to radiation 
was observed in most species, whereas rabbits exhibited a 
monophasic decline in corticosteroid levels. During the peak of 
ARS, impaired corticosteroid-binding globulin (CBG) function 
led to increased levels of free, biologically active corticoids, 
even with normal or reduced total 11-oxycorticosteroids. A 
consistent radiobiological pattern was established: an increase 
in the free hormone fraction due to diminished CBG binding 
capacity. Adrenal autotransplantation prior to irradiation 
reduced corticoid levels, enhanced CBG binding capacity during 
ARS, and decreased free corticoid concentrations, resulting in a 
protective effect and increased radioresistance. 

Conclusion: The findings underscore the critical role of 
corticosteroid regulation and CBG functional status in the 
body's response to radiation exposure. Modulation of adrenal 
activity and correction of protein-steroid interactions may be 
considered a promising strategy for enhancing radioresistance.

Key words. Acute radiation sickness, protein-steroid 
interaction, 11-oxycorticosteroids, binding capacity of the 
corticosteroid-binding globulin, free hormone, adrenal 
autotransplantation.
Introduction.

The development of radiobiology, pathophysiology, and 
experimental medicine [1] has led to the creation of a theoretical 
framework for the functioning of the pituitary-adrenal system, 
which determines the specifics of hormone synthesis in various 
pathological conditions of the body, including radiation 
sickness [2]. A leading symptom of acute radiation sickness is 
hypercorticism, which develops against the background of high 
glucocorticoid activity of the adrenal cortex [3].

The radiobiological patterns of the functional activity of the 
adrenal cortex under the influence of radiation were discovered 
more than 60 years ago. However, the main conclusions were 
drawn only based on the total hormone level in the blood, without 
considering the biological activity of various fractions. It has 
been established that hormones are present in free form in the 

blood and are bound to a specific protein, corticosteroid-binding 
globulin (CBG) or transcortin [4]. Only free corticosteroids 
have biological activity, and the hormones bound with 
CBG are biologically inactive [5]. Therefore, the patterns of 
protein-steroid interaction, considering different fractions of 
corticosteroids in the pathogenesis of acute radiation sickness 
and conditions of increased resistance, particularly in irradiated 
animals with autotransplanted adrenal glands, deserve scientific 
analysis.

The relevance of the protein-steroid interaction problem in the 
pathogenesis of acute radiation sickness and in conditions of 
increased resistance is determined by its theoretical value for 
the theory of radiobiology, for radiobiological and medical-
clinical research, as well as its practical significance in the 
clinical diagnosis and treatment of patients with hormonal 
disorders, and in medical radiobiology for the treatment of 
radiation sickness.
The extent of prior research on the problem under study.

Modern radiobiological concepts of the pathogenesis of acute 
radiation sickness are the theoretical basis. These concepts 
allow, on the one hand, to observe the multilevel patterns of the 
radiation response to radiation damage and, on the other hand, to 
identify the conditions causing increased radioresistance, which 
allows for determining the severity and prognosis of radiation 
sickness [6]. Currently, the leading position in radiobiology is 
the systemic nature of the adaptive response of various levels 
and systems of the body to radiation exposure, reflected in 
several modern adaptive theories [7,8].

The pituitary-adrenal system plays a vital role in the 
pathogenesis of acute radiation syndrome. The fundamental 
position that has existed in radiobiology since the beginning of 
the 20th century is the two-phase nature of the pituitary-adrenal 
system reaction in radiation sickness, where the first phase is 
early, occurring immediately after radiation exposure, and the 
second is late, occurring at the height of radiation sickness and 
accompanied by an increase in adrenocortical function [9], 
which is the result of purely the damaging effect of radiation 
[10]. The leading mechanism of protein-steroid interaction in 
pathological conditions of the body, which affects the activity 
of the entire hypothalamic–pituitary–adrenal axis, is the binding 
capacity of CBG or transcortin [5]. However, the radiobiological 
patterns of the functional activity of the adrenal cortex under 
the influence of radiation are derived without considering the 
physiological role of different fractions of corticosteroids. To 
date, there is practically no modern radiobiological experimental 
data on the patterns of binding of corticosteroids to plasma 
proteins, considering its fractions and the role of free corticoids 
in the hormonal effect in acute radiation sickness, except for our 
publications on this issue [11,12].
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Hypercorticism in radiation damage is becoming important 
in light of the mechanisms of increasing radioresistance. 
Autotransplantation of the adrenal glands prevents the 
development of hypercorticism and increases the radioresistance 
of irradiated animals [10]. Therefore, the study of the protein-
steroid interaction, considering its fractions in the pathogenesis 
of acute radiation sickness on the model of resistance of 
irradiated animals with autotransplanted adrenal glands, will 
clarify some patterns that increase radioresistance [13].

Thus, further experimental studies on the binding of 
corticosteroids to plasma proteins are needed, considering 
different fractions of corticosteroids in the pathogenesis of acute 
radiation sickness and in conditions of increased resistance, 
particularly in irradiated animals with autotransplanted adrenal 
glands.

Aim: The study aims to summarize experimental data on 
the importance of hypercorticism in the pathogenesis of 
acute radiation sickness, considering species differences and 
conditions of increased radioresistance in a model of irradiated 
animals with autotransplanted adrenal glands.

Research objectives: 1) to identify the dynamics of the 
fractional composition of 11-oxycorticosteroids (11-OCS) in the 
pathogenesis of acute radiation sickness in various experimental 
animals; 2) to describe the patterns of protein-steroid interaction 
in the model of irradiated animals with autotransplanted 
adrenal glands; 3) to identify the role and significance of 
hypercorticism in the pathogenesis of acute radiation sickness, 
considering species differences and in conditions of increased 
radioresistance.
Materials and Methods.

A series of experiments was conducted to study the patterns of 
protein-steroid interaction in the pathogenesis of acute radiation 
sickness, considering the specific features of this mechanism. 
The experiments were carried out on large animals (chinchilla 
rabbits (n=20) and non-pedigree dogs (n=15)) and small animals 
(male WISTAR rats (n=63), guinea pigs (n=49), and white 
BALB/c mice (n=32)). All animals had previously adapted to the 
experimental conditions. Adaptive conditions were determined 
experimentally by assessing the level of corticosteroids in the 
blood of animals. ƴ-irradiation of animals was performed on the 
EGO-2 (Co60) installation at an average dose rate of 5.75 Gy/
min for further ƴ-irradiation of animals at a dose equaling an 
acute stage IV radiation sickness: the rabbits were irradiated at 
a dose of 8 Gy, rats at a dose of 8.5 Gy, guinea pigs 4.5 Gy, dogs 
3.5 Gy, and mice 6.5 Gy. The follow-up time after irradiation 
varies from animal to animal. The testing times for the 
fractional composition of 11-OCS (cortisol in dogs and guinea 
pigs; corticosterone in rats, mice, and rabbits) after irradiation 
differed across animal species: the rabbits were tested before 
irradiation and 30 minutes, 1.5-2 hours, 4, 6, and 8 days after 
irradiation; rats - before irradiation and 1 hour, 1, 3, and 10 days 
after irradiation; guinea pigs - before irradiation and 1 hour, 1, 
3, 7, and 10 days after irradiation; mice - before irradiation and 
10 and 15 days after irradiation; and non-pedigree dogs - before 
irradiation and 7 and 12 days after irradiation.

Experiments on protein-steroid interaction in the model 
of irradiated animals with autotransplanted adrenal glands 

were carried out on male rats (n=125) weighing 200-220 g. 
Initially, on the 3rd, 6th, 12th, 20th, 28th, and 30th days after 
autotransplantation of the adrenal glands in animals (n=63), 
the total content of 11-OCS in the blood was determined. After 
autotransplantation of the adrenal glands on day 28, the rats 
were subjected to total ℽ-radiation at a dose of 6.0 Gy, causing 
acute radiation sickness of the IV degree. Animals irradiated 
on the 28th day after the adrenal autotransplantation surgery 
were more radioresistant than those irradiated in the early 
stages. Two groups of animals were formed: the experimental 
group of rats with autotransplanted adrenal glands (n=30) and 
the control group of rats with intact adrenal glands (n=32). The 
binding capacity of CBG and the total content of 11-OCS in the 
blood of the studied groups were determined at different stages 
of radiation sickness. Before irradiation and on the 7th day after 
irradiation, the amount of free 11-OCS was determined in the 
animals.

Depending on the objectives of the experiments, we used a set 
of experimental methods and research techniques. The fractional 
composition of 11-OCS was determined using the fluorometric 
method developed by Guillemin et al., and we used a modified 
gel filtration method developed by De Moor et al. [12]. In 
experiments aimed at detecting protein-steroid interaction in 
a model of irradiated animals with autotransplanted adrenal 
glands, autotransplantation of the adrenal glands was performed 
using a modified version of the Ingle and Higgins method 
[14]. This modified methodology is currently in the final stage 
of formal registration with Rospatent, the Federal Service for 
Intellectual Property of the Russian Federation.

Statistical methods of quantitative data processing (descriptive 
statistics method, Student's t-test) were used. The differences 
were significant at p<0.05 or less.
Results.

A series of studies on the patterns of protein-steroid interaction 
in the pathogenesis of acute radiation sickness, considering the 
specific features of this mechanism, showed the dynamics of the 
fractional composition of 11-OCS in acute radiation sickness 
in various experimental animals. A monophasic radiation curve 
was found in rabbits since a significant increase in the total level 
of 11-OCS was observed only in the first hours after radiation 
exposure. With the development of acute radiation sickness, 
the secretion of adrenocortical hormones continued to decrease 
(Table 1).

In rats, primary hypercorticism was observed in the first hours 
after irradiation. A secondary increase in the total level of 11-
OCS in the blood was observed on the 3rd day of acute radiation 
sickness (P<0.001), which again significantly decreased on the 
10th day below the baseline level (P<0.02) (Table 2).

In the dynamics of acute radiation sickness in rabbits and 
rats, there is a period of "latent" hypercorticism, characterized 
by an increase in the concentration of free hormone even 
against the background of a reduced total corticosteroid level 
in blood plasma. The free fraction of the hormone significantly 
increases (P<0.05 in rabbits; P<0.001 in rats) in the first hours 
and at the height of radiation sickness (P<0.001). In the first 
hours of radiation sickness, the level of free hormone increases 
against the background of a significant increase in the total 
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corticosteroid content (P<0.05 in rabbits; P<0.001 in rats). At 
the height of radiation sickness, an increase in the free fraction 
of the hormone occurs against the background of both increased 
and decreased total levels of 11-OCS (P<0.001 in rabbits; 
P<0.02 in rats).

Thus, in both rats and rabbits, a period of "latent" 
hypercorticism is observed in the pathogenesis of acute radiation 
sickness, characterized by an increase in the concentration of 
free hormone against the background of even a reduced total 
level of corticosteroids in blood plasma. The content of the 
free fraction increases in the first hours and at the height of 
radiation sickness. In the first hours, this increase occurs against 
the background of an increased total corticosteroid content and 
at the height of radiation sickness against the background of 
increased and decreased total hormone levels.

In experiments on guinea pigs, the content of the free fraction 
of corticosteroids was significantly increased both in the first 
hours after irradiation (P<0.001) against the background of a 
significantly increased total hormone level (P<0.001) and at the 
height of radiation sickness (P<0.05 on day 3; P<0.001 on days 
7 and 10) against the background of both elevated (P<0.001) 
and normal total corticosteroid levels in the blood (Table 3).

A two-phase radiation curve was also found in guinea pigs. 
The total hormone level significantly increased both in the 
first hours after exposure (P<0.001) and on day 3 (P<0.001), 
decreasing with the development of acute radiation sickness.

When studying the binding of 11-OCS to plasma proteins 
in dogs and mice, primary attention was paid to the dynamics 
of protein-steroid interaction at the height of acute radiation 

sickness (Tables 4 and 5).
In dogs at the height of acute radiation sickness, on the 7th 

day of acute radiation sickness, the total level of 11-OCS 
significantly (P<0.001) exceeded the baseline level by almost 
2 times and returned to it on the 12th day. The concentration 
of free hormones during these periods significantly (P<0.001) 
exceeded the baseline level, remaining significantly higher 
(P<0.05) on the 12th day after irradiation. Thus, at the height 
of radiation sickness in dogs, the free fraction of 11-OCS in the 
blood increased against the background of normal and elevated 
total 11-OCS content.

The content of total corticosteroids in mice before irradiation 
and on the 10th and 15th days after irradiation did not differ 
from the normal level. The level of free hormone significantly 
increased 2-fold (P<0.05) on day 10 and 3.5-fold (P<0.001) on 
day 15 of radiation sickness compared with the control group 
(Table 5).

Thus, the experimental results showed that the free fraction 
of the hormone remained elevated throughout acute radiation 
sickness in animals with both mono- and biphasic adrenocortical 
response curves to radiation, regardless of fluctuations in the 
total level of corticosteroids. This is especially pronounced in 
the first hours after radiation and at the height of acute radiation 
sickness. The presence of non-protein-bound and more mobile 
steroids in the blood plasma can cause a hypercorticoid state 
with normal or even reduced levels of hormones in the blood.

As Table 2 shows, early hypercorticism is determined by an 
increase in the total secretion of 11-OCS since the binding 
capacity of CBG does not change. At the height of acute 

Time frame Total level 11-OCS, 
M±m Free 11-OCS, M±m Free 11-OCS, % of the total 

level
Bound 11-OCS, 
M±m

Before irradiation 9.3±0.6 0.2±0.04 0 9.1±0.5
30 min-1 hour after 
irradiation 12.0±1.1* 1.8±1.0 11.9±6.5 10.1±0.7

1.5-2 hours after irradiation 13.7±1.9* 2.1±0.25* 17.4±2.5* 11.3±1.5
4 days after irradiation 8.6±0.7 2.4±0.31** 30.1±2.9** 6.1±0.7*
6 days after irradiation 6.8±1.0 0.9±0.8 13.5±13.0 6.1±1.0*
8 days after irradiation 5.6±0.5** 0.5±0.3 9.1±5.7 5.2±0.6**

Table 1. Dynamics of the fractional composition of 11-OCS in rabbit blood plasma after irradiation at a dose of 8.0 Gy, mcg/100 ml (n=20).

Note: P is the confidence level of the differences between the corresponding parameters in rabbits before and after irradiation. *P<0.05; **P<0.001.

Time frame

N
um

be
r 

of
 

ob
se

rv
at

io
ns

Total 11-OCS level, 
mcg/100 ml

Free 11-OCS Bound 11-OCS Binding capacity of 
CBG (mcg/100 ml)

mcg/100 ml % of the total 11-
OCS mcg/100 ml

Before irradiation 10 17.8±1.1 1.6±0.1 9.2 16.2±0.8 40.4±1.0
After irradiation
1 hour 12 45.0±2.5*** 10.6±1.0*** 23.8*** 34.7±3.1*** 38.5±1.4
1 day 10 14.8±1.3 2.0±0.3 13.8 12.8±1.2 -
3 days 10 28.2±2.7*** 4.9±0.7*** 17.1*** 23.3±1.5** 24.1±1.0***
8 days 11 17.6±1.7 - - - 15.4±1.3***
10 days 10 12.9±1.2* 5.4±0.7*** 42*** 7.5±1.0*** 8.8±1.1***

Table 2. Dynamics of the fractional composition of 11-OCS in rat blood plasma after irradiation at a dose of 8.5 Gy (n=63).

Note: P is the confidence level of the differences between the corresponding rat parameters before and after irradiation. *P<0.02; **P<0.01; 
***P<0.001.
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Time frame Number of 
observations Total level 11-OKS Free 11-OCS Bound 11-OCS

mcg/100 ml % mcg/100 ml
Before irradiation 9 31.5±1.9 7.0±1.0 22.5 24.5±1.6
After irradiation
1 hour 10 119.0±7.5*** 44.0±3.5*** 37** 75.0±3.9***
1 day 11 35.0±2.1 - - -
3 days 6 75.5±6.0*** 14.5±2.8* 19* 61.0±4.7***
7 days 6 62.5±5.1*** 23.0±2.4*** 36** 39.5±3.8**
10 days 7 37.5±2.7 18.5±2.1*** 48** 19±2.0*

Table 3. Dynamics of the fractional composition of 11-OCS in the blood plasma of guinea pigs after irradiation at a dose of 4.5 Gy (n=49).

Note: P is the confidence level of the differences between the corresponding values in guinea pigs before and after irradiation. *P<0.05; **P<0.01; 
***P<0.001.

Time frame Number of observations Total level 11-OCS 
mcg/100ml

Free 11-OCS Bound 11-OCS
mcg/100 ml % mcg/100 ml

Before irradiation 15 5.5±0.4 1.6±0.2 28 4.0±0.4
After irradiation, 7 days 8 10±1.0** 4.0±0.5** 40** 6.0±0.7*
After irradiation, 12 days 5 6.5±0.9 3.0±0.4* 45* 3.5±0.6*

Table 4. Dynamics of the fractional composition of 11-OCS in the blood plasma of dogs after irradiation at a dose of 3.5 Gy (n=15).

Note: P is the confidence level of the differences between the corresponding indicators in dogs before and after irradiation. *P<0.05; **P<0.001.

Time frame Number of observations Total level 11-OCS 
mcg/100ml

Free 11-OCS Bound 11-OCS
mcg/100 ml % mcg/100 ml

Before irradiation 12 16.5±1.2 2.0±0.4 12 14.5±0.9
After irradiation, 10 days 10 15.3±1.0 4.0±0.7* 26* 11.3±0.8*
After irradiation, 15 days 10 17.9±1.4 7.0±0.8** 39** 10.9±1.1*

Table 5. Dynamics of the fractional composition of 11-OCS in the blood plasma of mice after irradiation at a dose of 6.5 Gy (n=32).

Note: P is the confidence level of the differences between the corresponding parameters in mice before and after irradiation. *P<0.05; **P<0.001.

Group (n) Parameter Before irradiation 3 days after 7 days after 14 days after 21 days after

Intact adrenal glands (32) Total 11‑OCS 
(µg/100 mL) 17.7 ± 1.1 20.6 ± 1.2 21.6 ± 1.5 17.8 ± 2.2 18.0 ± 2.9

Free 11‑OCS 
(µg/100 mL) 1.6 ± 0.2 – 4.8 ± 1.1a – –

CBG binding 
capacity 
(µg/100 mL)

35.8 ± 1.0 27.6 ± 2.5b 16.3 ± 2.6c 18.4 ± 0.6d 26.8 ± 1.3c

Autotransplanted adrenal 
glands (30)

Total 11‑OCS 
(µg/100 mL) 9.2 ± 1.0††† 9.1 ± 1.2††† 10.7 ± 1.3††† 8.9 ± 1.4†† 13.2 ± 1.5†

Free 11‑OCS 
(µg/100 mL) 0†† – 1.0 ± 0.4†† – –

CBG binding 
capacity 
(µg/100 mL)

46.5 ± 2.2††† 36.4 ± 3.5a,† 32.0 ± 5.8 a,† 22.0 ± 1.2 d,† 34.5 ± 1.7 d,††

Table 6. Dynamics of the total level of 11-OCS, the free fraction of 11-OCS, and the binding capacity of CBG in the blood of rats with intact and 
autotransplanted adrenal glands after irradiation at a dose of 6.0 Gy. Values are presented as mean ± SEM; n indicates the number of observations.

Note.
– not measured.
Statistical symbols:
• Within group comparisons (vs. pre irradiation baseline): ap < 0.05; bp < 0.02; cp < 0.01; dp < 0.001.
• Between group comparisons (intact vs. autotransplanted at the same time point): †p < 0.05; ††p < 0.01; †††p < 0.001.
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radiation sickness, an increase in free corticosteroids, observed 
against a background of normal or even reduced total 11-OCS 
levels, is associated with decreased binding capacity of CBG 
(P<0.001). The reduction in CBG binding capacity during 
the peak of radiation sickness and the corresponding increase 
in free corticosteroids—irrespective of fluctuations in total 
hormone levels—were observed across different animal species, 
representing a general radiobiological pattern.

Autotransplantation of the adrenal glands in irradiated animals 
prevents the development of hypercorticism, which is a condition 
for increasing radioresistance [14]. The markedly elevated CBG 
binding capacity in animals with autotransplanted adrenal glands, 
both before irradiation and during the course of acute radiation 
sickness, constitutes one of the mechanisms underlying the 
radioprotective effect of adrenal autotransplantation. However, 
its applicability as a method to suppress adrenal hyperfunction 
could extend to the treatment of acute radiation syndrome 
and other conditions, such as hormone-dependent tumors and 
Cushing's syndrome.

Questions about the patterns of protein-steroid interaction in 
irradiated animals with autotransplanted adrenal glands deserve 
attention [10].

Initially, the total level of 11-OCS in rats (n=63) was studied 
at various time points after adrenal autotransplantation. On days 
3 and 6, after the adrenal glands were autotransplanted, 11-
OCS were not detected in the animals' peripheral blood plasma. 
On day 9, the corticosteroid content was 5.1±0.7 mcg/100 ml. 
Subsequently, the level of 11-OCS gradually increased, and on 
days 12, 20, 28, and 30, respectively, it amounted to 6.1±1.25, 
8.1±1.4, 8.6±2.1, and 11.65±1.35 mcg/100 ml. During all study 
periods, the total corticosteroid content in the blood of operated 
animals was significantly lower (P<0.01-0.001) than in animals 
with intact adrenal glands. Autotransplantation of the adrenal 
glands on the 28th day after surgery, immediately before 
irradiation, significantly increased the binding capacity of CBG 
(P<0.01), and almost halved the content of total 11-OCS. Free 
corticosteroids in the blood under conditions of reduced total 
corticosteroid content and increased binding capacity of CBG in 
the blood plasma in such rats were practically absent.

To study the dynamics of the fractional composition of 11-OCS 
in the pathogenesis of acute radiation sickness in conditions of 
increased radioresistance, experiments were continued on rats 
with autotransplanted and intact adrenal glands exposed to a 
dose of 6 Gy (Table 6).

In the initial stages of acute radiation sickness, both rats with 
intact and autotransplanted adrenal glands showed a significant 
decrease in the binding capacity of blood plasma CBG (P<0.02, 
P<0.05, respectively).

In animals with autotransplanted adrenal glands, the decrease 
in the binding capacity of CBG after irradiation occurred later, 
and its recovery occurred earlier and more intensively than in 
animals with intact adrenal glands. In rats with autotransplanted 
adrenal glands, with a significantly reduced total level of 
corticosteroids (P<0.001) compared with the control group, the 
binding capacity of CBG was sharply increased, both normally 
(P<0.01) and in the dynamics of radiation sickness (P<0.05, 
P<0.01). At the height of acute radiation sickness, the content 

of free hormone was significantly reduced, both compared with 
the control group (P<0.01) and with the baseline level (P<0.05).
Discussion.

The experimental results show several patterns of protein-
steroid interaction in the pathogenesis of acute radiation 
sickness, considering the specific features of this mechanism. 

In acute radiation sickness, the binding capacity of CBG 
decreases, while the level of free hormone increases. This has 
been conclusively demonstrated by our extensive experimental 
data. 

The mechanism by which irradiation causes a reduction in 
CBG binding capacity has been examined in detail in previously 
published articles. For instance, the article "The Role of the 
Liver in Regulating Protein-Steroid Interaction in Healthy 
and Irradiated Animals" presents findings on the influence of 
the liver on the fractional composition of 11-OCS in the blood 
plasma of healthy and irradiated angiostamized dogs [15].

The adrenocortical response to radiation in most studied animal 
species has the character of a two-phase curve. The two-phase 
nature of the reaction of the pituitary-adrenal system to radiation 
is confirmed by the analysis of experimental data on rats exposed 
to lethal doses [2], guinea pigs [10], dogs [16], and sheep at 
low and medium doses of radiation [17]. However, as our study 
shows, in animals with both mono- and biphasic adrenocortical 
response curves to radiation, regardless of fluctuations in the 
total level of corticosteroids, the free fraction of the hormone 
remained elevated throughout acute radiation sickness, which 
was especially pronounced in the first hours after radiation and 
at the height of acute radiation sickness. The effect of radiation 
at a dose of acute radiation sickness disturbs the binding of 
corticosteroids to plasma proteins, increasing free, biologically 
active hormones at the height of acute radiation sickness. The 
presence of non-protein-bound and more mobile steroids in the 
plasma can cause a hypercorticoid state with normal or even 
reduced hormone levels in the blood. The long-term effect of 
"latent" hypercorticism, therefore, may be a factor exacerbating 
the course of acute radiation sickness.

The existing concept of hypercorticism in acute radiation 
sickness, based on the two-phase response of the adrenal cortex, 
needs to be clarified since almost all acute radiation syndrome 
occurs against the background of an increase in free biologically 
active glucocorticoids.

Our results expand the understanding of the role of protein-
steroid interaction, particularly the role of the free hormone, 
in various pathological conditions, which is confirmed by 
the results of modern medical and clinical research. Thus, 
a significant decrease in the level of CBG in blood plasma is 
observed with the development of acute inflammatory reactions 
[18], such as sepsis [19]. This leads to an increase in the level 
of free glucocorticoids in the blood, which can control the 
inflammatory response, gluconeogenesis, and stress [20]. 
Currently, the free hormone index is increasingly used to 
diagnose the functional status of the hypothalamic-pituitary-
adrenal system in patients with impaired hormonal status 
[21,22], also relevant in radiation pathology [23]. Studies have 
shown that in the pathogenesis of acute radiation sickness, the 
biological effect of glucocorticoids is determined not by the 
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total level of 11-OCS but by the concentration of hormones in 
the blood that are not related to proteins, which is the practical 
value of our results.

In the experiments on a model of irradiated animals with 
autotransplanted adrenal glands, patterns were found, according 
to which the pathogenesis of acute radiation sickness in 
conditions of increased resistance in the mechanism of 
reducing radiation hypercorticism was mainly due to a lower 
degree of impairment of the binding capacity of CBG, rather 
than a change in the total level of 11-OCS in the blood. Our 
results confirmed the patterns of protein-steroid interaction, 
demonstrating an increase in the binding capacity of CBG in 
animals after adrenalectomy [24]. Thus, autotransplantation 
of the adrenal glands, which causes a decrease in corticoids, 
leads to an increase in the binding capacity of CBG, the 
purpose of which is to protect adrenocortical hormones from 
metabolism before their utilization by tissues and, at the height 
of radiation sickness, to have a protective effect by reducing the 
concentration of free corticosteroids in the blood of animals. In 
the pathogenesis of acute radiation sickness, increased animal 
resistance due to autotransplantation of the adrenal glands leads 
to the absence of radiation hypercorticism due to impaired 
interaction of corticosteroids with plasma proteins.

This study has certain limitations that should be 
acknowledged. First, the quantitative data on 11-OCS were 
obtained using fluorometric methods, which were the standard 
in radiobiological endocrinology at the time of the original 
experiments but have lower specificity than contemporary 
mass spectrometry-based assays. While this may influence 
the absolute hormone concentrations reported, the consistent 
relative patterns of change—specifically the decrease in CBG 
binding capacity and the concomitant rise in the free hormone 
fraction across all species—remain a robust and central finding. 
Second, the experimental model of adrenal autotransplantation 
is inherently prophylactic. Consequently, it is not proposed as 
a direct clinical intervention for acute radiation syndrome but 
serves as a powerful tool to elucidate the protective mechanism 
mediated through CBG stabilization. Finally, while the use 
of multiple animal species strengthens the generality of the 
observed radiobiological pattern, differences in their dominant 
glucocorticoid (corticosterone vs. cortisol) and metabolism 
necessitate cautious extrapolation to humans. These limitations 
highlight specific areas for technical refinement in future research 
but do not detract from the primary conclusion regarding the 
critical role of protein-steroid interaction dynamics in radiation 
response.

Conclusion.
1. The adrenocortical response to radiation in most studied 

animal species is a two-phase curve. Only in rabbits, after 
a decrease in the total level of corticosteroids in the blood, 
secondary hypercorticism was not noted, which manifests 
the specific features of the functional activity of the adrenal 
cortex to radiation. In all irradiated animals, at the height of 
acute radiation sickness, the binding of corticosteroids to 
plasma proteins was disrupted, leading to an increase in the free 
biologically active fraction observed against the background of 
elevated, normal, and even reduced total levels of 11-OCS.

2. A typical radiobiological pattern in the pathogenesis of 
acute radiation sickness was an increase in the free fraction of 
corticosteroids due to a decrease in the binding capacity of CBG 
at the height of acute radiation sickness, the value of which is an 
indicator of protein-steroid interaction.

3. Autotransplantation of the adrenal glands, which causes 
a persistent decrease in corticoids, leads to an increase in the 
binding capacity of CBG at the height of radiation sickness, 
having a protective effect that reduces the concentration of free 
corticosteroids in the blood.
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