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Introduction
The human senescence is associated with appreciable endocrine 
changes [1-3] – in the case under consideration during aging the 
concentration of testosterone ([T]) in circulation decreases [4,5], 
but of the testosterone binding globulin ([TeBG]) increases [6-8]. 
In humans, TeBG  (he is sex hormone-binding globulin, SHBG) 
transports the biologically important steroids  (androgens  , A; 
estrogens, E) and regulates the access of these hormones to their 
targets tissues; monomer of TeBG has an extended shape and can 
be modeled as a cylinder with a length and diameter of 23 nm and 
3 nm, respectively (two monomers assemble head to head with the 
steroid-binding site located in the center of the rod-like particle); 
also TeBG has specific binding sites for divalent cations – calcium 
and zinc (Zn-binding to a site at the entrance of the steroid-binding 
pocket reduces its affinity for E, while having no impact on the 
A-binding) [9]. 

Serum [TeBG]-values, determined by different methods are higher 
than of [T] , but TeBG ‘grasps’ only 65÷88 % of T and transports 
the hormone in forms of different complexes: monomer (‘TeBG-T’), 
homodimer (‘T-TeBG-TeBG-T’), heterodimer (‘TeBG-T-TeBG’) [7, 10-
14]. 2÷5 % of T compose the free it form ([Tfree], protein nonbound), 
while 10÷30 % of T is transported by albumin (ALB) and others 
nonspecific binders (thus due to low hormone affinity – capable of 
exchange [Texch]) [15,16]). Supposedly, ALB binds only the T that 
is displaced from TeBG by a special regulatory modulator [13,17].  
Now for many researcher it is became clear – [Tfree] may not be 
enough to satisfy needs for testosterone in tissues at work  (e. g. 
in the constantly beating heart), especially when they require 
the maximum supply of anabolic androgens and oxygen  [7]. 
Respectively, those publications that theorize about working 
organs as consumers of only protein unbound testosterone [Tfree] 
often are rechecked [18, 38].  
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The inaccuracy to estimate an available T in a circulation by the 
free androgen index (FAI =‘[T]/[TeBG]’) noted earlier [3,7]. Let us 
clarify this idea. So adult men venous T-range is 11÷33 nM ([T]
mean=22  nM) at TeBG of 17÷71  nM  ([TeBG]mean=44  nM)  [19]. 
Hence, FAI  [%]=(22:44)  ×  100  %  =  50  % – the value entirely 
compliant with the results of Nindl studies [20], which showed that 
consumption of T by target tissues leads to a noticeable decrease in 
its total concentration (referring to [T] in the venous blood compared 
with [T] a in the arterial blood), and the ‘magnitude’ of this arterial-
venous difference = FAI. It is more correct to consider FAI to be an 
index of the hormone possible for targeted ‘release’ from above-
mentioned complexes and capable for transfer into cells through 
RTeBG located on PM  [21-23]. Therefore, FAI equals to the total 
‘percent quota’ of biologically active hormone (Tact) [7,19]. Taking 
into account that after puberty a personal senescence is considered 
a ‘sluggish pathology’ and the above stated, we analyze the relevant 
data requested from the most objective works [6,7,19,23] aiming 
to find new approaches for reliable early diagnostics of impending 
hypogonadism in elderly men.  

Results and discussion 
According to contemporary concept [19,24] let’s outline in 
context from reliable sources the events’ sequence in human 
‘venous↔arterial’ circulation concerning physiology of the TeBG 
conformations. First of all, venous blood during the passage through 
the testes and the reticular zone of the adrenal glands has received 
saturation with androgens, so forming ‘TeBG-T’-complexes. 
Further cardinal events take place in lung CN – synthesized 
by alveolar cells regulatory ‘oligomerization’ factor  (OF) and 
inhaled O2 synergistically promote ‘TeBG-T’ conversion into 
its homodimers  [7,19,25]: 2  ‘TeBG-T’  →  ‘T-TeBG-TeBG-T’  (as 
evidenced by the values of the Hill coefficient  {ηHill} changed 
from 1.2 to 1.8÷2.0 [7,12,13,23]). In some cases take place even 
tetramerization of ‘TeBG-T’ into (TeBG+T)4-complex (evidenced 
by ηHill of ≥2.2) [19]. For instance, intrinsic hemoglobin tetramers’ 
ηHill of O2 binding equals to 2.8 [7]. Lung cells are also significant 
consumers of the anabolic [7]. The reason for the TeBGs’ dimers 
and tetramers formation is that each subsequent attachment of the 
T-ligand is facilitated and accelerated [7,22]. Applying by analogy 
of how 2,3-diphosphogycerate acts on the hemoglobin tetramer, 
one can imagine that physiological restructuring and function of 
TeBG’s-forms are initiated by special modulators  [7,13,19,25]. 
Previously we substantiated that formed in lungs homodimeric 
complex of  ‘T-TeBG-TeBG-T’ is an ‘androgen providing key’, 
because its concentration determinates the amount of Tact in arterial 
blood [7,19,24]. It is also hardly rightly justified to agree with that 
TeBG somehow manages to release T into blood plasma to make 
the so called ‘Tfree’ because steroid solubility is very poor in the 
aquatic environment  [26]. Besides, the isolated ‘freed steroid’ 
could dissolve for a long time in plasma membranes on the surface 
of target cells  (obviously this does not correspond to rational 
T-exploitation as a signaling molecule)  [13,17]. More ‘wisely’ 
to assume the ‘relay-race’ transfer of T that occurs by ‘hand to 
hand’ doings (which eliminate losses) [7,19]. Therefore we guess: 
rational usage of TeBG includes several stages: a) TeBG2 is ‘seized’ 

from blood by its ‘recognition system’ (RTeBG, specialized receptors 
of 174  kDa) on PM  [21,22,27]; b)  TeBG activates adenylate 
cyclase [22] or G-proteins [28,29]; and c) the assembly ‘hands over’ 
T-molecules to enzymatic machinery (thereunto for providing the 
‘T→DHT’ reaction and further delivering DHT to PMAR, i. e. to 
the ARs on PM [16,17,30-32]. This can be done due to the special 
commands of signaling regulatory molecules  (secreted by target 
cells [from those of them who currently need A]) – so T-molecules 
from the  homodimeric  (TeBG+T)2-complex transferred to them 
who ‘requested’ it during the passage of arterial blood in the 
CN – capillary network of tissues and ‘newly formed’ venous 
blood becomes the carrier of the heterodimeric ‘TeBG-T-TeBG’-
complexes, called FTD  (functional T-dimer)  [7, 19, 24]. That is 
why the [FTD]-values in venous blood equals to the concentration 
of ‘active’ testosterone molecules ([Tact]) of arterial blood. Such a 
turn of events may resemble a ‘hinge mechanism’ for ‘hand-to-
hand’-transfer of hormone molecules with its intermediate goal 
– PMAR [7,12,16,23]. So the heterodimer ‘TeBG-T-TeBG’ may be 
rightly considered a basic complex because it circulate in venous 
blood until another one passage through hormone-producing 
adrenals and testes, that leads to next saturation of TeBGs with 
androgen ligands and MF-adjustable TeBGs transformation into 
monomers: T  +  ‘TeBG-T-TeBG’  →  2  ‘TeBG-T’  as evidenced 
by the values of the Hill coefficient  (ηHill changed from 2.0 to 
1.0÷1.2  [7,  19]). Thus the TeBG-interconversions ensure the 
tissues supply with up to 50 % of the total amount of A ‘entering’ 
the arterial blood. Correspondingly, at maximum ‘withdrawal’ only 
half of the initial pool of T in arterial blood (from the lungs) after 
targeted tissues delivery can return into the venous blood (contained 
already in a heterodimeric complex ‘TeBG-T-TeBG’). This 
explains why the [TeBG-T-TeBG] in veins is a ‘mirror’ of the 
available  T  amount  ([Tact]) – capable for consumption through 
capillary net by tissues from arterial blood [19]. 

Regarding what was said, it is of interest to analyze the 
experimental data of the relevant works  [6,7,19,24] from the 
standpoint of the FTD-‘behavior’ during aging of men (see Table).    

Graphs, plotted by the Table data in Figures 1 and 2, illustrates 
the senescence-related changes of [TeBG], [T] and other studied 
characteristics of men blood after their puberty in the period up to 
100 yr, that is, until very old  (expressed as a % of 20-30 yr as a 
controls). 

Our previous studies of [3H]-DHT binding by TeBG of in 
the venous blood of men  [7,19,24] showed that at the age 
of 25  yr: Ка=3.8×109  М−1, Вmax=71.6×10−9  М, ηHill=1.4 with 
[FTD]=35.8×10−9 М; and at the age of 60 yr : Ка=2.3×109 М−1, 
Вmax=109.0×10−9 М, ηHill=1.1 with [FTD]=19.5×10−9 М. 

These parameters are in good agreement with the data outlined 
above, showing that the aging process in men is accompanied 
by a big decline in the formation of FTD (Figure 2, line 2) and 
cooperativity (↓ ηHill) of TeBG’s subunits. While the homodimers’ 
formation is reduced, RIA reveals the increase in the total number 
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Age,
years* 

VCL*** 
.[Ttotal] 
. __________
___________
___________
________
[Tfree]
of blood 
plasma*,   
nM 

[TeBGtotal]*#
.     ________
___________
___________
___________
___________
_______
[FTD] 
of blood 
plasma,
nM 

 [TeBGnf] ♫ 
in plasma 
of blood ,
nM

Tfree 
 per 1 cm3 

of air 
inhaled 
at rest,
pM 

Tsp , 
Tt per 1 cm3 
of air
inhaled 
at rest, 
pM 

VR ,**
cm3 

per 1 m2 of body surface area

% V    iR Δ

20÷24
520÷500

100→96 4.1 23.97
0.43

~35.5 [100%] 
21÷24 (100%)

~11.5
 [100%]

— —
25÷34 ~90.17 5.73## 0.83 46###

35÷44 470÷490 ~86.07 4.1 23.14
0.36

~40.1 [113%] 
~22.5 (93.8%)

~17.6 
[153.0%] 0.72 46

45÷54 ~460 ~81.86 4.21 21.02
0.31

44.6 [125.6%] 
~21.0 (87.5%)

~23.6 
[205.2%] 0.67 46

55÷64 ~420 ~76.36 5.5 19.49
0.29

45.5 [128.2%] 
~19.5 (81.3%)

~26.0 
[226.1%] 0.69 46

65÷74 390÷395 ~67.38 8.98## 18.15
0.24

48.7 [137.2%] 
~18.0 (75.0%)

~30.7 
[267.0%] 0.61 46

75÷84 ~360 ~60.48 6.90## 16.32
0.21

51.0 [143.7%] 
~16.0 (75.0%)

~35.0 
[304.3%] 0.58 45

85÷100 ~340 ~56.24 4.24 13.05
0.19

65.9 [185.6%] 
~13.0 (66.7%)

~52.9 
[460.0%] 0.56 38

* From [6]: # RIA of [SHBG] (sex hormone binding globulin) = [TeBGtotal] and T = FTD (authors’ note). 
♫ Nonfunctional TeBG-dimer in arterial blood: [TeBGnf] = [TeBGtotal] − [FTD]. 
** VR: the volume of inhaled (consumed at rest in one breathing cycle) air [24,33]. 
***VCL: vital capacity of lungs, according to [34,35]: as a man grows up to 20 yr of age, an increase in VCL occurs, however, in the subsequent years of 
life, its value gradually decreases. 
## Temporarily increasing Δ-values (100 % – % of V iR) – ‘metabolic activation’ indicator. 
### Calculation algorithm: 23.97 nM : 520 cm3 = 0.046 nM/cm3 = 46 pM/cm3 . 
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Figure 1. Men age-dependent dynamics of some characteristics 
Designations: 1 – [Тfree]; 2 – [Тtotal]; 3 – [Tact]= ; 4 – VCL; 5 – Тsp ; 6 – 
[TeBGt]. 
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Figure 2: Men age-dependent dynamics of TeBG-‘varieties’ in 
circulation 
Designations: 1 – [TeBGtotal]; 2 – [FTD]; 3 – [TeBGnf]; 4 – [FAI]. 

Table 1: Age dynamics of men physiological parameters related to androgenic regulation 
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of TeBG molecules (TeBGt – see Figure 2, line 1) and especially 
non-functional (T-devoid) designated TeBGnf in the Table. 

Graphs (Figures 1 and 2 plotted by table data) illustrates the age-
related changes of [TeBG], [T] and other studied characteristics of 
men (after their puberty in the age period up to 100 yr, expressed as 
a % of control (indicators at 20-30 yr age). 

The [Tt] in venous blood after men puberty is gradually 
diminished (see line 2 in Figure 1) from ~24.0 nM. If measured 
concentration of ‘active’ testosterone  ([Tact]  =  [FTD]) decreases 
in men blood to ≤13 nM this indicates some andro-dysfunction, 
what also can be found by our method [19, 24]. To do this, one need 
to have at hand a sheet of graph paper, where the age of the patient 
is plotted on the abscissa axis (in decades  [divisions for 10 years]), 
and on the ordinate axis – 1) the TeBG-concentration concentration in 
venous serum (≈[FTD]) and 2) the vital capacity of the lungs air inhaled 
at rest): from ~ 520÷500 cm3 at the age of 25-30 yr to ~360÷340 cm3 
at the age of 75-100 yr [33-35] (VR in the table [520 cm3 → 340 cm3] 
and see line 4 in Figure 1). Next step – venous blood [FTD] should 
be taken equal to the [Tt] measured by RIA-kit [19]. Dividing the 
[FTD] by the VR, one obtain the specific [Tact] (denoted Tsp) and we 
compare it with normal values (which in healthy men is ~46 pM 
per 1 cm3 of air inhaled at rest). If the determined [Tsp] is below 
45  pM per cm3 of VR, the diagnosis reads the development of 
hypogonadism (ADAM or TD [36,37]) because the overcoming of 
the ‘critical threshold’.  

Figure  2  (lines  1,  2) presents the age dynamics of [FTD] 
compared with [TeBGtotal]. The actual results indicate that from 
the age of 25  yr, [FTD]-values steadily decrease, whereas the 
[TeBGtotal]-values increase from 35.5 nM to 51.0 nM (by the age 
of 80 yr). Thus [FTD]-loss strongly correlates with senescence (so 
even may be one of its causes, ‘resonating’ with the fall of the 
T-syntheses intensity of in Leydig testicular cells and in the 
reticular zone of adrenals). 

Also one can see in parallel how the decrease in serum 
testosterone [T] is accompanied by the dramatic accumulation of 
[TeBGnf] (‘free’ of T) in the circulatory (line 3 in Figure 2). 

Taking into account that venous  [FTD]  =  arterial  [Tact]  [19], 
we analyzed tissues’ consumption of T  (its arterial-venous 
concentrations’ difference) at different ages  (Table). In parallel 
we examined age-dependent volumes of the air quietly inhaled in 
one respiratory cycle and compare relevant endocrine parameters. 
This approach based on the data that point on generation of arterial 
Tact pool due to TeBG-homodimers’ formation in the lungs alveolar 
capillary network (ACN) [7,19]. We calculated (please see Table) 
the age indices of [T] standardized to the volume of air inhaled 
at rest. As follows from these data, the men T-values per VR-unit 
provide a normalized specific amount of their entry into the arterial 
blood and practically do not change with age (Figure 1, line 5). The 
exception is the period from 85- to 100 years of men life, when 
fall of [Tfree] in the venous blood occurs [6]. At the same time, if 
calculated per volume of air inhaled by the lungs, the [Tfree]-value 

decreases from 85- to 100-years of men life only by 33 % (please 
see Table data). 

The dynamics of [Tfree] in arterial blood strongly correlates with 
[FTD] and FAI – to the 100-yr they decreased is approximately 
the same (by 46  % and 40  %, respectively, when calculated 
per one respiratory cycle, i.  e., within the error of the methods 
for their determination). This result confirms conclusions made 
earlier [7,13,19]: lungs are the ‘initial target’ for steroid hormones 
and one of the main ‘mediators’ of the endocrine system, because 
the inhaled air volume ‘regulates’ the level of testosterone that can 
be released for target consumption in other tissues from arterial 
blood. Thus it’s became clear how important in practice to have 
healthy lung tissue function, since it maximizes the lifespan of a 
person. 

Another important aspect should also be touched upon: it is 
known that during senescence the number of cells and the weight 
of muscles’ tissues decrease – old people can have ≤70 % of that 
ones at 25-30 yr [34]. Therefore (taking into account this ~30 % 
of myocytes’ miss  [19,  24]), the specific amount of Tsp taken 
by muscle tissue from arterial blood during aging from 30- to 
80 years can increase from 46-  to ~60 pM per cm3 of VR, and the 
phenomenon possibly provides some ‘compensation’ by increase 
of T-anabolic effect on the remaining target cells. In the periods 
of 20-30 yr ad 75-80 yr anabolism activation noted (accompanied 
by the growth of body hair and elevated urinary excretion of 
T-metabolites – 17-KS: dehydroepiandrosterone, etiocholanolone, 
androstenedione, androsterone, epiandrosterone) [2,24]. Also the 
>75 yr age period accounts for the greatest loss of functional cells 
while the specific T-level  (per 1  cm3 inhaled at rest) in arterial 
blood is kept constant [24]. The lowering of [FTD] can promote 
the retention of T in the blood, so, due to the feedback mechanism, 
inhibits the production of hypothalamus releasing factors, which 
leads to a drop in secretion of gonadotropins by the pituitary gland. 
These events cause decrease of T-synthesis in the testicular Leydig 
cells and in the reticular adrenal cortex (evidenced by the graphs 
shown in Figures 1 and 2).
Conclusions  

Summing up, it should be pointed out that venous blood FTDs 
after saturation with T converted to ‘T-TeBG-TeBG-T’ complexes 
of arterial blood – only these ones are capable of transfer up to 50 % 
of their T-hormone for consumption to organs in capillaries, which 
occurs through the special receptor ‘tuned’ to the TeBG  (RTeBG, 
174 kDa) on the plasma membranes of target cells. Supposedly, the 
transfer is regulated by ‘injections’ into CN from target cells of the 
aforementioned modulator, which also blocks reverse T-binding. 
As for the synthesis of the factor that inhibits the FTD-formation 
– it is ‘switched’ on (at the ‘genetic level’) immediately after the 
end of puberty and already in the period from 20-25 yr of age is 
noticeably manifested by a diminution of [FTD] in the circulation. 

Based on the carried analyzes we assert the following: 
1.      the complex of ‘TeBG-T-TeBG’ is essentially a functional 
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T-dimer (FTD) i. e. a ‘key’ in mechanism of androgenic provision, 
because its blood concentration is determinative for the amount of 
biologically active androgen-molecules transferred to target cells; 

2.   the [FTD]-values in venous blood ‘mirror’ the concentration 
levels of ‘active’ testosterone molecules  ([Tact]) in arterial 
blood, which by the by a ‘hinge mechanism’ can be released in 
the capillary network for ‘hand-to-hand’-transfer of androgen-
molecules on cell plasma membrane anchored TeBGs’ receptors 
and further on plasma membrane anchored androgen receptors; 

3.      an age-related quantitative decline of functional dimeric 
TeBG-complexes  ([FTD]) and a parallel increase in number of 
nonfunctional T-devoid TeBGfree are caused by an unidentified 
inhibitor of androgen binding that accumulates in circulation 
during human senescence; 

4.      the specific concentration of testosterone in the arterial 
blood of adult men does not depend on age (from 25 to 85 years 
old) and is maintained at [~46  pM] per 1  cm3 of air inhaled at 
rest  (notwithstanding decreases in basal metabolism, muscle 
weight and sexual activity).

5.   ‘[FTD]/VR’ value is [Tact]-indicator that can be used to predict 
hypogonadism or its predisposition in elderly men. 
Author contributions: Both authors contributed equally to 
writing the review article manuscript. 

Declaration of competing interest:The authors declare no 
conflicts of interest to report. 

Acknowledgements:Authors are grateful to Prof. Konoplya 
E.F., Prof. Titok V.V., Dr Kukharava L.V. and Dr Cheshik I.A. who 
promoted the review writing. 

Funding: This work was supported by the Belarusian Republican 
Foundation for Fundamental Research (Grant No. B19V-007) 
and the Nat. Ac. Sci. of Belarus through the Program ‘Chemical 
Technologies and Materials, 2019-2020’ (Project 2.2.52, Reg. No. 
20191549). 

References
1.	 Dilman VM (1986) Large biological clock (introduction to integral 

medicine). Snanie Publishing House, Moscow, RUS. Downloaded 
from: https://www.twirpx.com/file/1485377/. Accessed July 31, 
2021.

2.	 Undritsov VM, Undritsov IM, Serov LD (2005) Age-related changes 
of the muscular system. Citadel Trade, Ltd., Moscow, RUS.  

3.	 Morales A, Bella AJ, Chun S, Lee J, Assimakopoulos P, et al. (2010) 
A practical guide to diagnosis, management and treatment of 
testosterone deficiency for Canadian physicians. Can Urol Assoc J 
4 (4): 269-275.

4.	 Liu  PY, Beilin  J, Meier  C, Nguyen  TV, Center  JR, et  al.  (2007) 
Age-related changes in serum testosterone and sex hormone binding 
globulin. J Clin Endocrinol Metab 92 (9): 3599-3603. 

5.	 Walther A, Philipp M, Lozza N, Ehlert U (2016) The rate of change 
in declining steroid hormones: A new parameter of healthy aging in 
men? Oncotarget 7 (38): 60844-60857. 

6.	 Oddens  B, Vermeulen  A  (1996) Androgens and the aging male. 

Parthenon Publishing Group, N.-Y, USA. 
7.	 Popoff  EH (2013) Androgens, androgen-specific proteins and 

ionizing radiation: the first edition. Right & Economics, Ltd., Minsk, 
BLR. 

8.	 Handelsman DJ, Feingold KR, Anawalt B, Boyce A, Chrousos G, 
et  al.  (2020) Androgen physiology, pharmacology, use and misuse 
(review). Downloaded from: https://www.ncbi.nlm.nih.gov/books/
NBK279000/. Accessed July 31, 2021.

9.	 Hammond  GL, Avvakumov  GV, Yves A  (2003) Structure/function 
analyses of human sex hormone-binding globulin: effects of zinc 
on steroid-binding specificity. J Steroid Biochem Mol Biol 85 (2-5): 
195-200.

10.	 Sui LM, Hughes W, Hoppe A, Petra PH (1996) Direct evidence for 
the localization of the steroid-binding site of the plasma sex-steroid-
binding protein (SBP or SHBG) at the interface between the subunits. 
Protein Sci 5(12): 2514-2520. 

11.	 Beck K, Gruber TM, Ridgway CC, Hughes W, Sui L, et al. (1997) 
Secondary structure and shape of plasma sex steroid-binding protein. 
Comparison with domain G of laminin results in a structural model 
of plasma sex steroid-binding protein. Eur J Biochem 247(1): 339-
347. 

12.	 Popoff EH, Klunduk LF (2001) Analysis of the molecular characteristics 
of human blood steroid binding globulin and possibilities of its 
pharmacological correction. Probl Biol Med Pharm Chem (Moscow, 
RUS) 6 (3): 50-54. 

13.	 Popoff  EH, Kapich  AN  (2008) The molecular characteristics 
of the blood testosterone binding globulin and their regulation. 
Biomed Chem (Moscow, RUS) Pleiades Publishing, Ltd. 2 (4): 385-
392. 

14.	 Avvakumov GV, Grishkovskaya I, Muller GL, Hammond YA (2001) 
Resolution of the human sex hormone-binding globulin dimer 
interface and evidence for two steroid-binding sites per homodimers. 
J Biol Chem 276 (37): 34453-34457.

15.	 Siiteri  PK, Murai  JT, Hammond  GL, Nisker  JA, Raymoure  WJ, 
et al. (1982) The serum transport of steroid hormones. 
Recent Progr Horm Res 38 (1): 457-510. 

16.	 Popoff  EH  (1986) Age related changes of plasma membranes’ 
testosterone receptor characteristics in rat liver cells. 
Proc Nat Acad Sci Belarus, Biol Ser (Minsk, BLR) 42 (6): 70-74.

17.	 Popoff  EH,  Kapich  AN  (2010) The effect of ionising radiation 
on testosterone binding globulin characteristics: Correction of 
the protein’s parameters by lipid polyene complexes of fungus 
Laetiporus sulfureus. Int J Radiat Biol 86 (3): 238-251. 

18.	 Goldman  AL, Bhasin  S, Wu  FCW, Krishna  M, Matsumoto  AM, 
et al.  (2017) A reappraisal of testosterone’s binding in circulation: 
physiological and clinical implications. Endocr Rev 38 (4): 302-324. 

19.	 Popoff  EH, Filchenkov  GN, Milevich  TI, Cheshyk  IA  (2017) 
Physiology of steroid-specific transport proteins in blood (review). 
Med Biol Probl Life (Gomel, BLR) 9 (1): 13-23. 

20.	 Nindl  BC, Kraemer WJ, Gotshalk LA, Marx JO (2001) Testosterone 
response after resistance exercise in women: influence of regional fat 
distribution. Int J Sport Nutr Exerc Metab 11 (4): 451-465. 



Page 6 of 6Int J Transl Sci. 2021;1(1):5

*Correspondence: Eugene Herman Popoff , Laboratory of Biochemistry, 
Institute of Radiobiology, National Academy of Sciences of Belarus, 
Feduninskogo st. 4, Gomel, 246007, Belarus, E-mail: ehpopoff@mail.ru 

Rec: 19 Oct 2021; Acc: 24 Nov 2021; Pub: 27 Nov 2021

Int J Transl Sci. 2021;1(1):105
DOI: 10.36879/IJTS.21.000105

Copyright © 2021 The Author(s). This is an open-access article 
distributed under the terms of the Creative Commons Attribution 4.0 
International License (CCBY).

21.	 Porto CS, Abreu LC, Gunsalus GL, Bardin CW (1992) Binding of 
sex-hormone-binding globulin (SHBG) to testicular membranes and 
solubilized receptors. Mol Cell Endocrinol 89 (1-2): 33-38. 

22.	 Porto CS, Lazari MF, Abreu LC, Bardin CW, Gunsalus GL (1995) 
Receptors for androgen-binding proteins: internalization and 
intracellular signaling. J Steroid Biochem  Mol Biol 53 (1-6): 561-
565. 

23.	 Popoff  EH, Filchenkov  GN  (2011) Ionising radiation effect 
upon cooperative characteristics of androgen specific proteins. 
Ecol Bull (Minsk, BLR) 15 (1): 47-56. 

24.	 Filchenkov  GN, Popoff  EH, Cheshyk  IA, Konoplya  EF  (2019) 
Physiology of steroid-specific transport proteins during aging. 
Med Biol Probl Life (Gomel, BLR) 11 (1): 21-29. 

25.	 Round P, Samir DS, Wu TS, Wähälä K, Van Petegem F, et al. (2020) 
Molecular interactions between sex hormone-binding globulin and 
nonsteroidal ligands that enhance androgen activity. J  Biol  Chem 
295 (5): 1202-1211. 

26.	 Larranaga  MD, Lewis  RJ, Lewis  RA  (2016) Hawley’s condensed 
chemical dictionary   16th  Ed. John  Wiley  &  Sons, Inc.  Hoboken 
(NJ), USA.

27.	 Hryb DJ, Khan MS, Romas NA, Rosner W (2002) The control of the 
interaction of sex hormone-binding globulin with its receptor by steroid 
hormones. J Biol Chem 277 (29): 26618-26622. 

28.	 Rosner  W, Hryb  DJ, Khan  MS, Nakhla  AM, Romas  NA  (1999) 
Androgen and estrogen signaling at the cell membrane via G-proteins 
and cyclic adenosine monophosphate. Steroids 64 (1-2): 100-106. 

29.	 Benten  WPM, Lieberherr  M, Stamm  O, Wrehlke  C, Guo  Z, et 
al. (1999) Testosterone signaling through internalizable surface 

receptors in androgen receptor-free macrophages. Mol  Biol  Cell 
10 (10): 3113-3123. 

30.	 Konoplya  EF, Popoff  EH  (1992) Identification of the classical 
androgen receptor in male rat liver and prostate cell plasma 
membranes. Int J Biochem 24 (12): 1979-1983. 

31.	 Heinlein  CA, Chang  C  (2002) The roles of androgen receptors 
and androgen-binding proteins in nongenomic androgen actions. 
Mol Endocrinol 16 (10): 2181-2187. 

32.	 Hatzoglou  A, Kampa  M, Kogia  C, Charalampopoulos  I, 
Theodoropoulos  PA, et al.  (2017) Membrane androgen receptor 
activation induces apoptotic regression of human prostate cancer 
cells in vitro and in vivo. J Clin Endocrinol Metab 90(2): 893-903.

33.	 Mikhailova-Lukasheva  VD  (2018) When a human gets 
old. Downloaded from: https://unotices.com/down-books.
php?id=258891. Accessed July 31, 2021. 

34.	 Khasis  GL  (1975) Indicators of external respiration of a healthy 
person. Kemerovskoe Publishing House, Kemerovo, RUS. 

35.	 Zlygostev  AS  (2018) Breathing apparatus in the process of 
aging. Downloaded from: https://www.ncbi.nlm.nih.gov/books/
NBK279000/. Accessed July 31, 2021. 

36.	 Nieschlag  E, Swerdloff  R, Behre  HM, Gooren  LJ, Kaufman  JM, 
et al.  (2006) Investigation, treatment, and monitoring of late-onset 
hypogonadism in males: ISA, ISSAM, and EAU recommendations. 
J Androl 27 (2): 135-137.

37.	 Krakowsky  Y, Grober  ED  (2015) Testosterone deficiency – 
establishing a biochemical diagnosis. EJIFCC 26 (2): 105-113. 

38.	 Nestler  JE  (1997) Errors in the measurement of plasma free 
testosterone. JCEM 82 (6): 2015-2017. 


