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Anabolic steroids, testosterone derivatives widely used in clinical practice, give rise to a number of side effects, including 

depression of activity of the T system of immunity. Some authors [1, 6, 7] have observed that anabolic steroids cause a decrease 

in weight of the thymus. However, the mechanism of the thymolytic action of the androgenic-anabolic steroids, by contrast with 

that of the glucocorticoids [3, 4], remains virtually unstudied. 

The aim of this investigation was to study the effect of administration of methanodrostenolone for 7 days on protein 

biosynthesis in the rat thymus and the character of its interaction with the thymus cytosol and thymocytes. 

EXPERIMENTAL METHOD 

Experiments were carried out on 80 noninbred male rats weighing 160-200 g. Bilateral orchidectomy was performed 5 

days before the experiment began. Methandrostenolone (MA, USSR product; equivalent Metandienone) was injected intra- 

peritoneally in a dose of 10 mg/kg (the dose exhibiting maximal anabolic activity of MA in animals [2]) in the form of a solution 

in aqueous alcohol, in a volume of 0.2 ml. The intensity of protein biosynthesis was investigated by the use of a radioactive 

indicator [2]. The character of binding of 3H-MA with the soluble fraction of thymus homogenate was determined by the 

following method: thymus glands were homogenized in TDM buffer (10 mM Tris-HC1, 0.5 mM dithiothreitol, 10 mM sodium 

molybdate, pH 7.8) and the supernatant was obtained at 10,000g. To 0.2 ml of supernatant 20 ~1 of a solution of 3H-MA was 

added to final concentrations of between 10 .8 and 5" 10 .7 M. Samples were incubated for 2 h on an ice bath, after which 1 ml of 

a suspension of dextran-coated carbon was added to each sample, which was then shaken and allowed to stand for 10 min on the 

ice bath. After subsequent centrifugation at 5000g for 10 min 0.2 ml of supernatant was taken for radiometry and the quantity of 

bound 3H-MA was expressed in cpm/mg protein. To determine specific binding of MA, incubation was carried out in the 

presence of a 500-fold excess of unlabeled MA. The difference between binding of 3H-MA in the absence and presence of an 

excess of unlabeled MA having been calculated, parameters of MA binding by the thymus cytosol were determined with the aid 

of standard mathematical software for the EMG 666/B computer (Hungary). Ligand specificity of MA receptors was studied by 

competitive analysis of binding of 3H-MA and of other unlabeled steroids (testosterone, estradiol, cortisol) by the cytosol. 

Chromatography of 3H-MA-receptor complexes was carried out by the method in [8]. To measure binding of 3H-MA by 

isolated thymocytes, 20 ktl of 3H-MA (final concentrations in the incubation medium 10-8-5 �9 10 .7 M) was added to the suspen 
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TABLE 1. Effect of Administration of MA (10 mg/kg) for 7 Days on Parameters of Protein Metabolism in 

Thymus of Intact and Castrated Rats (M • m) 

Weight of organ 
Experimental 
conditions 

Intact rates 
Control 
MA 

Castrated rats 
Control 
MA 

mg 

335_--4-26 
323___30 

410~21 
~ 9 ~ *  

per cent of 
body weight 

0,22~0,03 
0,19~0,02 

0,17:tz0,01 
0,12!0,01" 

Protein content 

mg 

52,7~9,9 
51,1~5,4 

72,8~9,5 
32,7~8,7" 

per cent of 
weight of 
organ 

15,7~2,3 
15,8~1,4 

18,2• 
10,9~1,9" 

Incorporation of 
1~ C ieucine int 
protein, cpm/~g 
protein 

1086:t= 103 
986~88 

932+79 
627=t=54" 

Legend, Mean result of six independent experiments are given. *p < 0.05, difference from control statistically 

significant. 

sion of thymocytes (1" 108 cells/ml). The samples were incubated in the absence and in the presence of a 500-fold excess of 

unlabeled MA for 2 h at 4~ Next, 10 ml of Hanks' solution (pH 7.4, 4~ was added to 100/zl of the cell suspension and the 

mixture centrifuged at 2000g for 5 rain. The supernatant was poured off and 0.3 ml of ethanol added to the residue to extract 

labeled MAL After 1 h the samples were recentrifuged and their radioactivity measured. For radiometry of the samples an SL-30 

liquid scintillation radiometer was used. 

EXPERIMENTAL RESULTS 

The study of the effect of administration o f  MA for 7 days on the weight of the thymus, its protein content, and 

incorporation of labeled leucine into proteins of the thymus showed (Table 1) no change in the test parameters compared with 

the control. The weight of the thymus and its total protein content in castrated rats were not increased, and the percentage 

protein content of the thymus also was unchanged. After administration of MA the weight of the thymus fell to the level 

recorded in intact animals and this was accompanied by a decrease in the protein content in the gland and a decrease in the 

intensity of incorporation of labeled leucine into proteins. The results of the investigation indicate inhibition of protein synthesis 

by MA in the thymus of the castrated rats. Counting the number of thymocytes leaving the organ showed that the thymus of the 

castrated rats contained (1.35 _ 0.25) x 109 cells. Administration of MA to the castrated animals caused the number of thymo- 

cytes to fall to (0.8 +_ 0.2) x 109 cells. 

It can be postulated on the basis of our observations and data in the literature [5] that the action of MA on the thymus 

is due to its androgenic activity. To test this hypothesis we studied the character of binding of labeled MA by thymus cytosol and 

by thymocytes and determined its ligand specificity. The following parameters of binding of MA by thymus cytosol of intact rats 

were found experimentally: dissociation constants (Kd) = 27 and 10 -9 M, number of binding sites (AT) = 101 +_ 12 fmoles/mg 

protein, whereas in castrated rats the corresponding values were K d = 9.1" 10 -9 M and N = 122 _+ 18 fmoles/mg protein. 

Subsequent competitive analysis of binding of 3H-MA by thymus cytosol in the presence of different steroids enabled its type to 

be established (Table 2). The most actively labeled MA was displaced from its complex with the receptors by unlabeled MA and 

testosterone, whereas cortisol and estradiol, in a 100-fold excess, reduced the specific binding of labeled MA by thymus cytosol 

only by hall To determine the concentration of the hormone at which specific binding was inhibited by 50% (IC50), the results 

of competitive analysis were plotted between semilogarithmic coordinates. Values of IC50 are given in the same table. The results 

showed that the binding capacity of sites imeracting with 3H-MA decreases in the following order: MA _> testosterone >> 

estradiol > cortisol. 

Steroid-receptor complexes can exist in two basic states: initial (inactivated) and activated, in which its ability to bind 

with cell nuclei and with DNA rises sharply. These two forms of complex can be separated by chromatography on DEAE- 

cellulose [8]. To test the hypothesis that MA receptors are classical androgen receptors, we subjected the 3H-MA-receptor 

complexes to chromatography on DEAE-cellulose. The elution profile of MA-receptor complexes in the composition of thymus 

cytosol, which was incubated with 90 nM 3H-MA at 0~ for 2 h (a) or at 37~ for 30 rain (b), is shown in Fig. 1. With the use 

of activated thymus cytosol (b) two fractions of hormone-receptor complexes were obtained by chromatography on DEAE- 

cellulose: I) weakly bound with DEAE-cellulose, leaving the column during elution with 50 mM KC1, and II) firmly bound, 

leaving during elution with 200 mM KC1. Fraction I, weakly adsorbed on the anion-exchange resin, corresponds to the activated 
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TABLE 2. Specific Binding of 3H_MA by Thymus Cytosol of Rats in Presence of Various Steroid Hormones 

(M +_m) 

Amount of bond aH=MA, cpm/mg protein 

NA 
Testosterone 
Cortisol 
Estradiol 

Hormone concentratiol of unlabeled steroid 
7,5 .10 - 8  M 2,5 .10 - 7  M 2 ,5- I0  - 6  M 

374• 
607__.+94 
980•  

1080___109 

103• 
8 8 •  

760•  
701 •  

606•  
514_--+-45 

IC5o 

6,3.10 - 8  M 
8,9- 10 - 8  M 

10 - 5  M 
2,5-10 - 6  M 

Legend. Specific binding of 3H-MA (2.5" 10 -8 M) in absence of unlabeled hormones of 993 _+ 185 cpm/mg 

cytosol protein. Men values from four independent experiments are given. 

" ~ :  '+ b Hr___J, M M  

cpra a / ~300 cpm //~3OO 

eoob / 7 \  / ~ , . . /  I 
I / I \ -4:to aoo]-- f .3" -I:OO 

,5" 1,5" 26 6" IS 25 
N6. of fraction No. of fraction 

Fig. 1. Chromatography of cytosol 3H-MA receptor complexes on DEAE- 

cellulose, a) Thymus cytosol incubated with 90 nM 3H-MA at 0~ for 2 h, b) 

at 37~ for 30 min. Broken line indicates gradient of TDM buffer containing 

KC1. 

.oo  : 

:V 
- 8  -7  

~SooIB _/~ 
tzoo[- ~{/ 
soo t / 

: ott 
I I I  I 

-e zgc -a -7 
I 

-6zgc 

Fig. 2. Binding of 3H-MA with thymocytes of intact (A) and castrated rats (B). 

Ordinate, binding of 3H-MA by thymocytes (in cpm/107 cells) in absence of 

unlabeled MA (circles) and in presence of 500-fold excess of MA (triangles). 

C) concentration of labeled MA in incubation medium (in M). 

form of MA-receptor complex, whereas fraction II corresponds to its initial, inactivated form. During elution of cytosol prepara- 

tions obtained after incubation with 3H-MA at 0~ the MA-receptor complexes leave the column of DEAE-cellulose in one 

peak in the zone of elution of the inactivated form of the complex (Fig. la). Similar results, but during chromatography of an- 

drogen-receptor complexes isolated from rat thymus cytosol, were obtained in [7]. Thus analysis of the results of competitive 

binding and chromatography and their.c0mparison with information in the literature indicate that MA receptors found in the 

cytosol of rat thymus are androgen receptors. 

To determine the precise location of MA receptors in the thymus, binding of 3H-MA by isolated thymocytes of intact 

and castrated rats was studied. The results in Fig. 2 showed that binding of 3H-MA by thymocytes in the absence and in the 

presence of an excess of unlabeled hormone does not differ over the whole range of concentrations. Thus specific binding sites 

for MA are not found in thymocytes. The possibility cannot be ruled out that they are located in the epithelial cells of the 

thymus. Other workers [5, 7] reached similar conclusions when they showed that androgen receptors, detected in the cytosol of 
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a homogenate of whole thymus, do not belong to the lymphoid cells of the gland. These workers also showed that in vitro 

thymocytes do not exhibit sensitivity for androgens. 

We concluded that the thymolytic action of androgenic-anabolic steroids is not the result of their direct effect on 

thymocytes, but is realized indirectly by endogenous factors controlling metabolic processes in lymphoid tissue. 
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Local cryosurgical destruction combiae d with physical and chemical factors, namely laser therapy and ultrasound, is used 

in organ-conserving operations of a sufficiently radical nature in oncology [2, 3, 5]. The mechanism of action of ultrahigh 

frequencies (UHF) is not always the same, but most investigators [1, 4] assess its effect as potentiating the destructive action of 

cold. Under the influence of UI--IF microwaves the thermophysical characteristics of biological tissue are modified, and this leads 

to a greater increase in the volume of cryonecrosis. Morphological changes in bone tissue after exposure to cold and in combina- 

tion with UHF radiation have not been studied. We have investigated the character of prophylactic changes in tissues during 

cryosurgery, alone and in conjunction with preliminary UHF irradiation, with attention to the character of repair processes. The 

experimental model was mechanical injury to the mandible inflicted by a drill, allowing the proliferative reaction of cells of 

osteogenic tissue, which simulates to some degree the changes of neoplastic cell proliferation, to be studied. 

EXPERIMENTAL METItOD 

Altogether 36 experiments (four series) were carried out on the mandible of 18 mongrel dogs, bilaterally. The operations 

were performed under hexobarbital anesthesia. Series I (control group) involved mechanical injury to the body of the mandible 

without any additional procedures; in series I the bone wound was irradiated by UHF radiation 3 days after its formation; in 

series III the bone wound was treated cryosurgically 3 days after its formation; in series IV cryosurgery was preceded by UHF 

irradiation; 3 days after formation of the bon~ wound also. 
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