T KINETOYHAS BUOMOr WS, LIUTONON WS, TUCTONOr S

Original article / OpurnHajbHasI CTaTbs

‘ '.) Check for updates
https://doi.org/10.47093/2218-7332.2023.14.3.45-53

(@)Y 20 |

Experimental androgen deficiency and associated structural
changes in the muscle tissue of the external anal sphincter
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89, Chapaevskaya str., Samara, 443099, Russia

Abstract

Aim. We aimed to study the histological and ultramicroscopic structure of the striated muscle tissue of the external
anal sphincter (EAS) of mature male rats under experimental androgen deficiency.

Materials and methods. The study included 10 male laboratory rats aged 8 months, which were randomly divided
into 2 groups of 5 each. The experimental group underwent bilateral orchiectomy to create testosterone deficiency.
After 45 days, rats were sacrificed. We studied the concentration of testosterone in histological sections of EASs
using light microscopy and ultramicroscopy. We also determined the diameter of muscle fibers and the thickness
of endomysium, the area of muscle fibers, connective tissue, myofibrils and cytoplasm, identification of glycogen
granules in the cytoplasm and intermyofibrillar space, as well as changes in mitochondria.

Results. In the experimental group, on the 45th day after surgical castration, the testosterone level was 2.5 times
lower than in the control group 2.69 (2.52; 2.73) nmol/I vs. 7.20 (6.83; 7.21) nmol/l, p = 0.008. Using morphometric
analysis, we found that in the experimental group after surgical castration the diameter of the muscle fibers was
statistically significantly smaller than in the control group: 6.56 (3.96; 7.24) um vs. 9.52 (8.88; 10.44) um, p < 0.001,
while the thickness of the endomysium in the experimental group was greater: 3.34 (3.11; 3.78) ym vs. 1.62 (1.57;
1.86) um, p < 0.0001. The ratio of muscle fiber area/connective tissue area was statistically significantly lower in the
group after castration: 1.64 (1.50; 1.78) vs. 4.00 (3.17; 5.25), p < 0.0001. The ratio of myofibril area/cytoplasmic area
changed in the experimental group towards the predominance of cytoplasm 0.79 (0.67; 0.79) vs. 5.25 (5.25; 7.33),
p < 0.0001. With an increase in cytoplasmic volume, an increase in the number of glycogen granules was observed;
pathological forms of mitochondria were identified: swelling, destruction of cristae and vacuolization of their matrix.
Conclusion. Under conditions of testosterone deficiency, along with atrophic processes, compensatory and adaptive
mechanisms are formed in the striated skeletal muscle tissue of the EAS, aimed at restoring its metabolic and
functional organization.
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CTPYKTYpPHble U3BMEHEHUS MbILLEYHOW TKaHU HapYyXHOro
chUHKTepa NPSMOM KULLKU Ha POHe IKCNepUMEHTaNIbHOM
aHApOreHHOW He[QOCTaTOYHOCTH

A.C. IIpounna, I'H. Cysoposa”‘, H.H. Bonoraouna
@I'BOY BO «Camapckuti zocydapcmeeHHblll MeQuyuHcKull yHusepcumem» Mun3dpaea Poccuu
ya. Yanaesckas, 0. 89, 2. Camapa, 443099, Poccus

AHHoOTauuA

Llenb. M3yuntb ructonornyeckoe 1 ynbTpaMmKpOCKOMUMYECKoe CTPOEHME NMOMEPEeYHOMNON0CaTON MbILWEYHOW TKaHW
Hapy>Horo chuHkTepa npsamoit kuwwki (HCMK) nonoBo3penbix KpbiC-CaMLOB B YC0BUSX 9KCNEPUMEHTANbHOM aH-
QPOreHHo He0CTaTOUHOCTH.

Matepuanbl u MeTopbl. /IccneoBaHKe BbiNoAHEHO Ha 10 nabopaTopHbIX Kpbicax-CaMlax B BO3pacTe 8 mecs-
L|eB, KOTOpble 6bIIM PaHAOMHO pasfiefieHbl Ha 2 rpynnbl N0 5 B KaXA0W. IKCNepUMEHTANbHOW rpynne NpoBo-
AWNIN OBYXCTOPOHHIOK OPXM3KTOMUIO ANd DOPMUPOBAHNSA Aeduumuta TeCTOCTepoHa. Ha 45-e CyTKM KpbIC Bbl-
BOAWAN W3 3KCNepuMeHTa. [poBOAMIN UCCNEA0BaHUE KOHLEHTpaLWK TECTOCTEPOHA, TUCTONOTMYECKMX CPE3OB
HCITK ¢ nomMOoLLbK CBETOBOW MUKPOCKOMMW W yNbTpaMmukpockonuu. Onpesensnu AnamMetp MbllEeYHbIX BOSOKOH
N TONWMHY 3HAOMM3WS, NNOLWaAb MblEYHbIX BOMOKOH, COEANHUTENBHOW TKaHKW, MMOGUOPKUAA ¥ LMTONNAa3Mbl,
BbISIBNIEHME TPaHyN FMKOreHa B LMTOMNa3Me U MexXMnobnopunnsapHOM NPOCTPAHCTBE, a Takxke M3MeHeHNs
B MUTOXOHAPUSAX.

Pe3ynbratbl. B sKkcneprMeHTanbHoW rpynne Ha 45-e CyTKW Noc/ie KacTpaluun ypoBeHb TeCTOCTEPOHA 6bii B 2,5
pasa HIKe, YeM B KOHTPOMbHOI rpynne: 2,69 (2,52; 2,73) HMonb/n vs. 7,20 (6,83; 7,21) Hmonb/n; p = 0,008. Mpw
NpoBeAeHN MOP(HOMETPUYECKOr0 aHann3a YCTaHOB/IEHO, YTO B FPynne Moc/ie KacTpauun AnameTp MbllUeYHbIX
BOJIOKOH 6bI/1 CTATUCTUYECKM 3HAYMMO MEHbLLE, YeM B KOHTPONbHON rpynne: 6,56 (3,96; 7,24) mkm vs. 9,52 (8,88;
10,44) MkM; p < 0,001, Npyn 3TOM B 9KCNEPUMEHTANbHOI Fpynne ToMLLMHa 3HAOMM3KS 6bina 6onblue: 3,34 (3,11;3,78)
MKM vs. 1,62 (1,5T; 1,86) Mkm; p < 0,0001. OTHOLLEHWE «NOLWAAb MbILIEYHbIX BONOKOH / NOLWaAb COeANHNTENb-
HOW TKaHM» 6bIN0 CTAaTUCTMYECKM 3HAYMMO HIXKE B rpynne nocne kacTpauuu: 1,64 (1,50; 1,78) vs. 4,00 (3,17; 5,25);
p < 0,0001. OTHOwWeHwWe «nnowanb MMOGUEPUAN / NAOWAAb UMTONAA3Mbl» M3MEHSNOCH B 9KCMEPUMEHTANbHOIA
rpynne B CTOPOHY npeobnaaanus uutonnasmel: 0,79 (0,67; 0,79) vs. 5,25 (5,25; 7,33); p < 0,0001. C yBennyeHnem
obbemMa LMTonnasMbl Habntoaancs pocT KOMNYeCTBa rpaHyn rNKOreHa; BbIABAAAMCL NaTonornyeckmne GopMbl Mu-
TOXOHAPWIA: HabyxaHwe, [ECTPYKLMSA KPUCT ¥ BaKyOIM3aLmMn X MaTprKCa.

3aknioyeHune. B nonepeyHonon0caTon CKeNeTHon MbllweyHoi TkaHu HCIK B ycnoBusax aeduumta TeCTOCTEPOHA
Hapsay ¢ aTpoduyeckMu npoLeccamm hopmMmpyrTCS KOMNEHCATOPHO-NPUCNOCOBUTENbHbIE MEXaHM3MbI, Hanpas-
NeHHbIE Ha BOCCTaHOBMEHWE ee METabONNYECKOI 1 DYHKLIMOHANbHOW OpraHn3aLmin.

KnioueBble coBa: HE0CTAaTOMHOCTh aHabHOIO CCI)VIHKTepa,' CKenetTHaa Mbllle4yHaa TKaHb; T’MnoroHaan3m, ,[le(i)l/l'
LNT TECTOCTEPOHA,; MblLLEYHOE BOTOKHO, l/IHTepCTl/ILlVIVI
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Indeed, anabolic steroids such as testosterone
are crucial not only in puberty, sexual activity, and

Hypogonadism is a life quality-impairing clinical
syndrome with numerous organs affected via

receptor insensitivity to androgens and biochemical
signs of low testosterone content'. Indeed, primary
hypogonadism originates from an inadequate testicular
function resulting in decreased testosterone levels. In
experiments, the condition can be easily achieved by
bilateral orchidectomy.

Generally, androgen deficiency in men is common.
For instance, studies in Europe and the USA reveal
the prevalence of hypogonadism among middle-
aged and older men at 2.1 to 12.8%. Besides, patients
with concomitant diseases had higher prevalence, for
example, 51 % for type 2 diabetes mellitus and 15 to
78.8 % for obesity [1].

reproduction but also in the normal function of skeletal
muscles [2]. Thus, testosterone in muscle tissues
enhances protein synthesis and inhibits its loss. It also
directs mesenchymal pluripotent cells into myogenesis
and provokes the synthesis of contractile proteins to
permit hypertrophic muscular development [3-5].
Some sources report related sarcopenia occurring in
low androgen content in the blood serum [6,7].

Due to the muscular changes, faecal incontinence
remains a serious clinical challenge, where external
anal sphincter (EAS) dysfunction occurs, as it consists
of striated muscles [8]. Our colleagues modelled faecal
incontinence via ovariectomy in female rats, while

! Dedov LI, Mokrysheva N.G., Melnichenko G.A. et al. Recommendations on diagnosis and treatment of testosterone deficiency (hypogonadism)
in men. FGBU "Endocrinology Research Center" of the Ministry of Health of Russia. 2016. P. 19 (In Russian). https://www.endocrincentr.ru/sites/
default/files/specialists/science/clinic-recomendations/hypogon.pdf?ysclid=Ineuln3onn251612089 (date of access: 03.08.2023) / Oemos U.U.,
MokpsiiieBa H.I'., Menbanuenxko I.A. u np. PekomeHgaimm mo JuarHoCTUKe U JieueHnto JedulnTa TeCToCTepoHa (TMIOrOHaAM3Ma) Y MY>KUMH.
OI'BY «DHIOKPUMHOIOrMYECKMIA HayuHblil ieHTp» Munsapasa Poccun. 2016. C. 19. https://www.endocrincentr.ru/sites/default/files/specialists/
science/clinic-recomendations/hypogon.pdf?ysclid=Ineuln3onn251612089 (mara o6patenns: 03.08.2023).
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testosterone administration led to recovery [9]. Further
investigation is needed to understand the EAS structure
and metabolism in testosterone deficiency.

The study aimed to examine the microscopic and
ultramicroscopic structure of striated muscles in EAS of
mature male rats in experimental androgen deficiency.

MATERIALS AND METHODS

We used ten healthy mature 8-month-aged male
rats with a body mass of 300-350 g to study the effects
of testosterone deficiency. Experiments with animals
took place at the Laboratory of Experimental Medicine
and Biotechnology Institute of Samara State Medical
University, Russia. The rodents stayed at constant
temperature (221 °C), humidity (55*10 %), and
12/12-h-light/dark cycle in polypropylene cages with
granular filler with food and water ad libitum.

At time point 1, we randomized the males into 2
groups (5 rats in each group): intact animals (controls)
and experimental animals with a model of androgen
insufficiency via bilateral orchidectomy (Fig. 1).
All surgeries were performed after intramuscular
anaesthesia of tiletamine anaesthetics and zolazepam
(Virbac C.A., France) at a dose of 15 mg/kg of body
mass and xylazine hydrochloride (Bioveta, Czech
Republic) at a dose of 6 mg/kg of body mass. We then
made incisions in the scrotums of the rats to remove

Time point 1 / Bpemennas Touka 1

Day 0/ 0 genb
Surgical
castration /
Xupypruyeckast
KacTpaums
Male rats 8 months old / n=5
Kpbich! camiibt
B Bo3pacre 8 Mec.
‘ i
&7 7
Testosterone /
N=10 \ TecrocrepoH
Control /
Konrpomnb
n=>5

the testes, and ligate and cut off the spermatic cords.
At time points 1, 2 (Day 30), and 3 (Day 45) after
orchidectomy, we checked the testosterone levels
in the blood serum of rats by chemiluminescence
immunoassay (ACCESS 2, Beckman Coulter Inc,
USA) (Fig. 1)

On Day 45 we collected materials for the histological
study of the modelled hypogonadism after medication-
induced euthanasia (an intracardiac injection of drugs
used at point 1 in lethal doses) and according to the
recommendations of the European Commission on
euthanasia of experimental animals. We isolated the
rectum with the cutaneous part of the anus, thus fixing
the lower third of the rectum in 10% neutral buffered
(pH 7.4, which was followed by alcohol dehydration
in increasing concentrations (30°, 50°, 70°, 90°, 96°(I),
96°(1I), absolute alcohol) and paraffinized.

We cutslices of 5-7 um with a Sakura Accu-Cut SRM
200 rotary microtome (Japan) and stained the slides
according to the standard procedure with haematoxylin
and eosin. We examined the slides via a Leica DM 3000
light microscope (Germany) with a digital camera and
software for morphometrics., and then determined the
diameter of muscle fibres and endomysium thickness
with a planimetric 25-point grid by G.G. Avtandilowv.
The area of muscle fibres and connective tissue was
calculated by stereometric methods.

Time point 2 / Time point 3 / BpemeHnHast Touka 3
BpemenHast Touka 2
Day 30/ 30 gennb Day 45 / 45 aenn

0 Euthanasia /
DBTaHa3us
<7 7
i EAS/

&=y |

o P HaIK

(FITRTTTT) (FTETRTET)
Microscopy / Ultramicroscopy /
MuKpocKomust VBT PaMMKPOCKOIIASI

3

Euthanasia /
OBTaHa3us

FIG. 1. Experimental design: study of the external anal sphincter after modeling androgen deficiency in mature male

rats.

PUC. 1. Cxema 3rCcIiepMMeHTA: M3y4YeHMe Hapy>KHOTO CMHKTEPA IPSIMOM KUIIIKY ITOCJIe MOAEIMPOBAHNS aHIPOTeH-

HOM HEeJOCTAaTOYHOCTHM Yy II0JIOBO3PEJIbIX KPbIC-CAMIIOB.

Note: EAS - external anal sphincter.
Mpumeyarwe: HCTK = HapyHbIi COUHKTEP NPAMON KMLIKK.
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For ultrastructural analysis, we fixed the material
in 1 % glutaraldehyde (pH 7.4) for 12 hours. Later,
the material was transferred into a 2.5 % solution of
glutaraldehyde for 4 hours and then placed into 1 %
osmium tetroxide for 2 hours. The dehydration was
carried out through alcohols of increasing concentration
and propylene oxide. We employed epoxy resins to get
cutting blocks and obtained ultrathin sections of 60—
80 nm with Leica UC7 microtome (Germany), then
placed the slices onto copper meshwork and stained for
20 minutes with a saturated solution of uranyl acetate
and 5 minutes with lead citrate.

We used a Hitachi HT 7700 Exalens electron
microscope (Hitachi High-Tech Corporation, Japan)
for transmission electron microscopy at the Laboratory
of Electron Microscopy of Analytical Microscopy
Interdisciplinary Centre at Kazan Federal University.
Ultrastructural study of muscle fibres allowed us to
calculate the area of myofibrils and cytoplasm, to
detect glycogen granules in the cytoplasm and spaces
between myofibrils, and to determine mitochondrial
changes.

Statistical analysis

Continuous data from the study are given as median
and interquartile range (25th; 75th percentiles). We used
the non-parametric Mann-Whitney criterion to reveal
the statistical significance of the differences between
the values in the experimental group and the control
group. The differences were considered significant at

KJIETOYHASA BUOJIOTUA, LLUTOJI0I U4, TMCTONOT A

p<0.05. Statistical data analysis is performed using the
software IBM SPSS v. 23.0 (SPSS: An IBM Company,
USA).

RESULTS

The baseline testosterone levels in both groups did
not differ. In the experimental group, the testosterone
level after castration decreased by 2.5 times by Day 30
and there was no change until 45 days. In the control
group, the testosterone concentration did not change
significantly during the experiment (Table 1).

Light optical examination of the samples revealed
that the composition of EAS (common striated
structure of locomotive type muscle tissue) differs
between the experimental and control groups by the
number of muscle fibres and connective tissue amount
(Fig. 2).

Morphometrics showed that the diameter of EAS
muscle fibres was 1.5 times smaller in animals with
experimentally modelled hypogonadism than those from
the control group (Table 1). Moreover, this diameter
decrease (for muscle fibres in the experimental male
rats) was accompanied by an increase of endomysium
thickness around 2 times greater than the corresponding
values in the control group (Table 1). However, no cell
pools differed between the groups in the endomysium
samples, and standard loose connective tissue always
formed the endomysium.

Testosterone-deficient rats also exhibited 1.3
times smaller muscle tissue area and 1.9 times greater

Table. Testosterone concentration and changes in the external anal sphincter of male rats in a model of hypogonadism
Ta6nmnya. KoHueHTpaLums TecTocTepOHa U U3MEHEHHUs1 B HapY)XXHOM C(PMHKTepe NpAMOi KMILKKU KpbiC-CaMLi0B
B Mojenu runoroHagu3mMa

Parameter / Mapametp Experimental group / Control group / p value /
9KcnepumenTanbHas rpynna  KowTponbHas rpynna  3HaueHue p
Testosterone, nmol/l / TectocTepoH, HMONb/N
initially / ncxopHo 6.86 (6.75; 7.15) 7.19 (6.85;7.29) 0.421
in 30 days / yepe3 30 gHeii 2.77 (2.65; 2.79)¢ 7.23(6.80; 7.24) 0.008
in 45 days / uepes 45 pHeii 2.69 (2.52;2.73)¢ 7.20(6.83;7.21) 0.008
Dl f il il | 6.56 (3.96; 7.24) 9.52 (8.88; 10.44) <0.001
[lnameTp MblLIEYHbIX BOJIOKOH, MKM
Endomysium thickness, pm / TonwmHa sHAOMU3NS, MKM 3.34(3.11;3.78) 1.62 (1.51;1.86) <0.0001
Muscle fiber area, % / Mnolwwaab MblLIEYHbIX BOJIOKOH, % 62 (60; 64) 80 (76; 84) <0.0001
Connective tissue area, % / Mnowagab COeAUHNUTENbHOI TKaHW, % 38 (36; 40) 20 (16; 24) <0.0001
Muscle fiber area / connective tissue area / I'Inomvap,b 1.64 (1.50; 1.78) 4.00 (3.17; 5.25) <0.0007
MbILLEYHbIX BONOKOH / NJIOWafb COEAMHUTENbHOM TKaH!
Myofibril area, % / Mnowaab Muodubpunn, % 44 (40; 44) 84 (84; 88) <0.0001
Cytoplasm area, % / Mnowaab uutonnasmbl, % 56 (56; 60) 16 (12; 16) <0.0001
Myofibril area / Cytoplasm area / 0.79 (0.67; 0.79) 5.25 (5.25; 7.33) <0.0001
Mnowasb Mnodn6punn / nnowaab LUTONNA3MbI
Note: @ - p < 0.01 compared with the initial level.
MpumevaHwe: @ — p < 0,01 Npu cpaBHEHWUN C UCXOLHbBIM YPOBHEM.
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FIG. 2. Microscopic image of striated muscle tissue of the external anal sphincter in rats on the 45th day of simulated hypogonadism.

Magnification 1000, ob. 100, oc. 10.

Thin arrows - muscle fibers, thick arrows - interstitium.
A - control group.

B - group with experimental hypogonadism on day 45.

PUC. 2. Mukpockonunyeckast KapTiHa MOMEPEYHOI0I0CaTON MbIIIEUHON TKAHK HAPY>KHOTO CUHKTEPA MPSIMO KUILIKU Y KPbIC
Ha 45-e cyTKM MOmeMMPOBaHHOTO TMmoroHaausma. ¥Ys. 1000, 06. 100, ok. 10.
ToHKMe CTpesIKY — MbIIIEYHbIE€ BOJIOKHA, TOJICTbIE CTPEJIKY — MHTEPCTULIUIA.

A - KOHTpOJIbHASI TPYIIIA.

B- rpyiumrma C 3KCIiepyMMeHTa/JIbHbIM I'MIIOTOHAAM3MOM Ha 45-¢ CYTKHA.

connective tissue area compared to those of the control
group animals. Thus, the ratio between muscle fibre
area and connective tissue area at EAS region remained
2.5 times less in the experimental group than in the
control group.

Ultrastructural study of EAS striated muscle tissue
revealed that animals of the experimental group had
1.9 times smaller myofibril area and 3.5 times larger
cytoplasm area than the control group had. The ratio
between myofibril area and cytoplasm area remained
6.6 times less in the experimental group than in the
control group (Table 1).

In the experimental group, muscle fibres increased
not only in the cytoplasm area but also in the number
of glycogen granules. These granules were found
between myofibrils, between myofilaments, and even
around the nuclei. Besides, we observed pathological
mitochondria with swelling, cristae destruction, and
matrix vacuolization (Fig. 3).

DISCUSSION

Our light optical and ultramicroscopic study of
modelled hypogonadism and confirmed testosterone
deficiency (levels 2.5 times less than in the control
group) showed that on Day 45 experimental mature
male rats decreased their EAS striated muscle fibre
diameter by 1.5 times compared with the control group.
We believe that these atrophic muscle fibre changes
result in compensatory connective tissue growth by 2
times compared to the control group.

This EAS muscle fibre atrophy might be explained
by the anabolic effects of testosterone in skeletal
muscle tissues with numerous androgen receptors. Such
an androgen deficiency probably suppresses protein
synthesis in muscles with no myofibril construction
available [10].

Moreover, the decrease of myofibril content and
impaired myofilament binding are accompanied by
damaged mitochondrial structure with no adequate ATP
supply. Later, sarcoplasm is filled by glycogen granules,
and we assume these modifications to be compensatory
and adaptive mechanisms of EAS striated muscle tissue
in testosterone deficiency.

However, several different factors of testosterone
deficiency probably led to the mitochondrial changes in
the experimental group (swelling, cristae destruction,
and matrix vacuolization). Some sources report that
testosterone deficiency causes a decreased catabolism
of energy substrates (glucose and fatty acids) in
mitochondria during ATP production and heating. As a
result, there is an extra energy substrate in the cytoplasm
of muscle fibres, which may modify the mitochondrial
structure.

Besides, damaged mitochondrial structure is often
associated with hypoxia. For instance, a castration-
related androgen deficiency affects erythropoiesis
[11]. Indeed, it shortens the oxygen supply, and cells
experience hypoxia. Hypoxia switches the respiratory
chain to glycolysis that leads to local acidosis, sodium
overload, lack of calcium, and impaired ATP production.
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FIG. 3. Ultramicroscopic image of striated muscle tissue of the external anal sphincter in rats on the 45th day of simulated

hypogonadism.
A - control group (magnification 12 000);

B - group with experimental hypogonadism on day 45 (magnification 20 000). Numerous glycogen granules in the cytoplasm and

intermyofibrillar space (arrow);

C - group with experimental hypogonadism on day 45 (magnification 20 000). Changes in mitochondria: swelling, destruction of

cristae and vacuolization of the matrix (arrow).

PUC. 3. YnbrpamukpockonmMyeckas KapTMHa MONePeyHOooNI0CaTON MBIIIEUHON TKAaHM HAPYKHOTO CHUHKTEpA MPSIMOi KUIIKY Y

KPbIC Ha 45-e CyTKM MOIEIMPOBAHHOTO TUIIOTOHAM3MA.
A - xouTtposnbHasg rpymma (yB. 12 000);

B - rpymma c 3KcrepuMeHTaIbHbIM ITUITOrOHaaM3MoM Ha 45-e cytku (yB. 20 000). MHOrouncieHHbIe rpaHyiibl [IMKOreHa B IUTO-

J1a3Me ¥ MeKMUOMUOPMILIIPHOM IMPOCTPAHCTBe (CTPeJIKa);

C - rpymnma ¢ 3KCIepyMeHTAIbHbIM IUIIOrOHaau3MoM Ha 45-e cyTtku (yB. 20 000). MsMeHeHMs: B MUTOXOHAPUSIX: HaByXaHue, [ae-

CTPYKIIMST KPUCT U BaKyoIM3alyy MaTpuKca (CTpesika).

Then, these mitochondrial hypoxia-caused changes
result in increased permeability of the inner membrane,
thereby to mitochondrial death or at least swelling [12].
In addition, an elevated content of reactive oxygen
species accompanies decreased androgen levels. It
may be another factor that provokes an impaired
mitochondrial structure and enhances the oxidative
damage in the respiratory chain [13].

Interestingly, previous studies reported that a
decrease in androgen levels leads to muscle fibre mass
loss with a shift to adipose tissue. Nonetheless, the
replacement therapy results in the recovery of muscle
mass [14, 15]. Our microscopic and ultramicroscopic
findings expose atrophic muscle fibre changes in

hypogonadism, while a partial loss of myofibrils and
connective tissue growth occurs.

We should emphasize that our data differ from
that of some other studies, for example, we found
that glycogen content increases in muscle fibres
in hypogonadism. However, a possible decrease
of insulin sensitivity was previously reported for
testosterone deficiency, leading to a reduced glucose
intake and less intracellular glycogen accumulation
[16]. We consider that the increased glycogen
levels and dystrophic mitochondria in muscle tissue
manifest an anaerobic switch of energy metabolism
in testosterone deficiency. We assume these metabolic
profile changes to be adaptive.
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CONCLUSION

A modelled testosterone deficiency in male rats
in puberty involves both atrophy of EAS striated
muscles and compensatory adaptive machinery
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