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Introduction. Every year more than 700. 000 peo-
ple worldwide die because of assault [1]. Suicide is an
important public health problem and major depres-
sive disorders appeared to confer greater risk for sui-
cide [12, 26]. Major depression is twice as frequent in
women as in men [3, 4]. According to classical view of
sexual differentiation of mammalian brain, sex differ-
ences in structure and functions of brain are provided
by testosterone synthesized in the fetal and neonatal
testis. It diffuses to male brain, where it is locally aroma-
tized to estradiol and initiates the process of masculin-
ization. Masculinization of brain is evidenced in adults
by a capacity to express male-typical sexual behaviour
and high level of aggression [17]. Estradiol is potent
steroid of both gonadal and neuronal nature which has
deep and long-term effects in brain, which develops
[21]. Aromatase, key enzyme of androgen conversion
to estrogens, controls many physiological and behav-
ioural processes. In vertebrates the regulation of aro-
matase expression in brain is involved in modulation of
sexual and aggressive behaviour in males [6]. Further-
more B-estradiol which is produced by testes inhibits
the synthesis of androgens either by autocrine or para-
crine ways [22]. It is believed that relative but no abso-
lute levels of sex hormones play more important role in
etiology of depression [20].

Objective was the investigation of testosterone
and 17f3-estradiol levels and their ratio in rat males with
dominant and submissive types of behaviour.

Materials and Methods. Experiments were car-
ried out on 76 Wistar rat males (three-, six- and twelve-
month-old), bred and kept under standard vivarium
conditions at the Kharkiv National Medical University.
According to classification of age groups of laboratory
animals [27], tree-month-old rats belong to Il period
(juvenile); six- and twelve-month-old rats belong to Il
— reproductive (to young reproductive and mature re-
productive, respectively). The sensory contact model
[10] with some modifications [16] was used to separate
animals with alternative types of behaviour. According
to this model, during 5 days rats were kept in individual
cages to prevent an effect of group interaction. Then the
males were placed in small cages divided into halves by
perforated transparent partitions, permitting the sen-
sory contact. After 2 days of sensory contact, testing

commenced. The partition was removed for 10 min to
allow agonistic interaction. Testing was performed 10
days during the second half of the day (14.00-16.00).
According to results of testing, the animals were sepa-
rated into 3 groups: dominant, balanced and submis-
sive. Twenty hours after the last testing, the animals
were decapitated.

Plasma testosterone and 17p3-estradiol levels were
determined by method of immune-enzymatic analysis
using “Alkor-Bio” and ELISA kits.

Statistical analysis of the results was carried out by
methods of nonparametric statistics using the package
“Statistica 6.0”. Nonparametric analogues of disper-
sion analysis — Kruskal-Wallis and median tests — were
used to reveal the dependence of parameters on group.
Mann-Whitney test and correlation analysis according
to Spearman were used to compare groups in pairs.

Results. Blood plasma testosterone level was
found to vary depending on the period of adulthood.
Analysis of blood plasma testosterone level in rats of
different age groups but the same behaviour type re-
vealed the following predictability: in rat males inde-
pendently on a type of behaviour the testosterone level
was significantly increased in six-month-old rats versus
three-month-old ones and decreased in twelve-month-
old rats versus six-month-old ones. No differences
were found between testosterone levels in three- and
twelve-month-old rats with the same type of behaviour
(table 1).

Table 1

Testosterone level (nmol/L) in rat blood

plasma of different age groups with alterna-

tive types of behaviour

) Median Quartile
Age of animals Number Me 25%: 75 %
Submissive males
Three-month-old 7 3.00 2,50; 4,40
Six-month-old 8 6,30 3,90; 10,05
Twelve-month-old 8 2,70 1,55; 4,05
Balanced males
Three-month-old 9 7.30 6.60; 9,80
Six-month-old 9 17,80° 17,40; 21,30
Twelve-month-old 9 7,90" 7,30; 8,30
Dominant males
Three-month-old 8 20,90 19,70; 30,60
Six-month-old 9 44,90 38.,70; 48,00
Twelve-month-old 8 16,05" 14,20; 19,40

Note: *- P<0. 05 versus three-month-old males; **-P<0. 05 versus
six-month-old males.

BicHuk npo6nem Gionoriti meanunum — 2014 — Bun. 4, Tom 1 (113) 65



Blosiorigd

15

10

L, |

10

1 2 3

Figure 1. Testosterone levels (nmol/L) in blood plasma of
three-month-old rat males with dominant (1), balanced
(2) and submissive (3) types of behaviour (Me [25 %;
75 %], min and max).

Note: *-P<0. 05 versus the rats with balanced type of behaviour;

**-P<0. 05 versus the rats with dominant type of behaviour.
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Figure 2. Testosterone levels (nmol/L) in blood plasma of

six-month-old rat males with dominant (1), balanced (2)

and submissive (3) types of behaviour (Me [25 %; 75 %],
min and max).

Note: *-P<0. 05 versus the rats with balanced type of behaviour;

**-P<0. 05 versus the rats with dominant type of behaviour.
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Figure 3. Testosterone levels (nmol/L) in blood plasma of
twelve-month-old rat males with dominant (1), balanced
(2) and submissive (3) types of behaviour (Me [25 %;
75 %], min and max).

Note: *-P<0. 05 versus the rats with balanced type of behaviour;

**-P<0. 05 versus the rats with dominant type of behaviour.
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Figure 4. 17p-estradiol levels (pmol/L) in blood plasma
of three-month-old rat males with dominant (1),
balanced (2) and submissive (3) types of behaviour (Me
[25 %; 75 %], min and max).

Note: *-P<0. 05 versus the rats with balanced type of behaviour;

**-P<0. 05 versus the rats with dominant type of behaviour.
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Figure 5. 17p-estradiol levels (pmol/L) in blood plasma
of six-month-old rat males with dominant (1), balanced
(2) and submissive (3) types of behaviour (Me [25 %;
75 %], min and max).

Note: *-P<0. 05 versus the rats with balanced type of bechaviour;

**-P<0. 05 versus the rats with dominant type of behaviour.

Figure 6. 17p-estradiol levels (pmol/L) in blood plasma
of twelve-month-old rat males with dominant (1),
balanced (2) and submissive (3) types of behaviour (Me
[25 %; 75 %], min and max).

Note: *-P<0. 05 versus the rats with balanced type of behaviour;

**-P<0. 05 versus the rats with dominant type of behaviour.
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In all investigated age groups the testosterone level
was revealed to depend on behaviour type. It was in-
creased in dominant rat males versus both balanced
and submissive ones. Testosterone level in balanced
rats was higher than in submissive males but lower than
in dominant ones. The most considerable differences
were observed in six-month-old rats (Figures 1-3).

In contrast to testosterone the level of blood plasma
17B-estradiol was revealed to decrease in dominant rat
males versus both submissive and balanced ones (Fig-
ures 4-6). The level of 17B-estradiol in balanced rats
was higher than in dominant males but lower than in
submissive ones.

Statistically significant negative correlation between
testosterone and 173-estradiol levels was revealed in
all investigated age groups regardless of the behaviour
type (table 2).

Table 2
Correlation between testosterone and
17p-estradiol levels in blood plasma of rat

males with different types of behaviour

Tyoe of Age Three- Six-month- Twelve-
Ype o month-old old month-old
behaviour

Balanced -0.95* -0.88* -0.69*
Submissive -0.98* -0.92* -0.96*
Dominant -0.92* -0.92* -0.99*

Note: * — P<0. 05 Correlation is statistically significant.

Statistically significant differences of testostero-
ne/17p-estradiol ratio were found between males with
alternative types of behaviour (table 3). The highest
ratio of testosterone to 17p-estradiol was found in dom-
inant rat males.

Discussion. The revealed correlation between tes-
tosterone level and type of behaviour, the highest level
of testosterone in dominant adulthood males are as-
sociated with the role of testosterone in processes of
sexual differentiation and development of brain [17].
Testosterone is the principal male sex steroid which is
involved in the regulation of aggression both in animals,
and in humans [25]. In sensitive period of early fetal and
perinatal development testicular androgens influence
neuroendocrine system and mechachisms of brain

Testosterone/17p-estradiol ratio in rat males with different

types of behaviour

providing gender-specific behaviour [8]. During em-
bryonal period the influence of testosterone on hypo-
thalamus predetermines the character of gonadotropin
secretion in adults and therefore the specific proportion
between male and female sex hormones. In perinatal
period androgens facilitate the formation of neuronal
networks which are expressed by aggressive behaviour
in adults [2]. In adulthood testosterone is suggested to
contribute modulation of neuronal ways which regulate
aggression [14].

There are evidences of relationship between cir-
culating testosterone and aggression, for example in
pubertic period when testosterone and aggression
levels increase parallely in most mammalian species
[9]. In adolescent men the aggression correlates with
increased level of testosterone in blood plasma [19].
There is positive correlation between testosterone level
and criminal behaviour [24].

The conversion of androgens into estrogens in the
brain is the key mechanism by which testosterone regu-
lates many physiological and behavioural processes
throughout the animal life [17]. Neonatal aromatiza-
tion of testosterone into 17p-estradiol is the major
factor responsible for development of adult aggres-
sion between males [7]. In adult males the aggression
also depends on circulating testicular hormones [15]
and may be mostly, if not entirely, mediated through
activation of estrogen receptors (ER), with enhance-
ment of aggression via ERa activation and inhibition
via ERp activation [15, 18]. It should be noted that in
the postnatal and adult brain regions the content of
17B-estradiol considerably decreases. However the en-
dogenous content of 17a-estradiol and estrone in the
postnatal and adult neocortex, hippocampus, hypo-
thalamus, and cerebellum of both sexes is significantly
elevated compared with 17p-estradiol. 17a-Estradiol is
not involved in expression of aggression. It has strong
neuroprotective activity [5, 11], is able to induce short-
latency effects on spatial memory through influences
on hippocampal synaptic plasticity [13]. The synthesis
of 17a-estradiol in brain does not depend on gonadal
steroids. Gonadectomy and adrenalectomy does not
influence 17a-estradiol content [23]. Very low levels of
17p-estradiol in adult brain regions and adrenals [23]
testify to testicular origin of blood plasma 173-estradiol.
This suggestion is confirmed by revealed
negative correlation between testoster-
one and 17pB-estradiol levels since pro-
duction of estrogens in testis inhibits the
synthesis of androgens.

Table 3

Age| Three-month-old Six-month-old Twelve-month-old Conclusion. Considerable differ-

Quartile | €nce between testosterone/ 17p-estra-

Type o Median | Quartile | Median | Quartile | Median | “5go. diol ratio in males with dominant and

behaviour Me |25%;75%| Me |25%;75% 75% submissive types of behaviour may be

Submissive | 43.01" 3646-%%; 41.40" fé;’gé 49.03"" %%-%71; used t_o determine the predlsposmpn of
66 23, YR 55053 organism to aggression or depression.

Dominant | 844.11 251022 2008.05 2794.12 759.07 132153 o Prospectn:es ;)f Iur:hetr researchc.|
128.43: 278.80: 215.20: e research of testosterone an

Balanced | 165.75 | 54569 | 34637 | 41448 | 23305 | 25101 17pB-estradiol and their ratio in men with

Note: * - P<0,05 versus the rats with balanced type of behaviour; ** — P<0,05 versus the

rats with dominant type of behaviour.

different predisposition to aggression
will be carried out.
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CnNiBBIAHOLUEHHA TECTOCTEPOHY TA 17p-ecTtpaaiony Y CAMUIB LWWYPIB 3 AOMIHAHTHUM TA
CYBMICUBHUM TUNMAMU NOBEAIHKU

Monosa J1. 4., BacunbeBa |l. M., BorpaHoBa T. B.

Pesiome. Byno gocnioxeHo piBeHb TECTOCTEPOHY Ta 17B-ecTpagiony y nnad3mi KpOBi caMujiB LLYpiB 3 AOMi-
HaAHTHUM Ta CyOMICMBHUM TUNaMu NOBELIHKN. BUSBNEHO 3aNneXHICTb PiBHS TECTOCTEPOHY Bif, TUMY NoBeniHKN. Y
Mexax KOXHOi BiKOBOI rpynu piBeHb TECTOCTEPOHY OYB HANMBULLMM Yy OMIHAHTHUX LLYPIB. Y MeXax OOHOro Tuny
NoBEeLIHKMN HaMBULLilA piBEHb TECTOCTEPOHY CMOCTEPIraBcs y LWECTUMICAYHUX LypiB. PiBeHb 17B-ecTpapiony 6yB
HUXYUM Y IOMIHAHTHMX MOPIBHAHO i3 CYOMICMBHUMY Lilypamu. Y camuiB LLypiB YCiX BIKOBMX rpyn Ta TWMiB nose-
LIHKM BUSIBJIEHO TICHUIM HEraTUBHWUIM KOPENSLINHNI 3B’A30K MiXX piBHAMU 173-ecTpaiony Ta TeCTOCTEPOHY. byno
BUSIBJIEHO 3HAYHY Pi3HULIO MidXK JOMIHAHTHUMM Ta CyOMICUBHMMMU LLLypaMu y CriBBiAHOLLEHHI PiBHEV TECTOCTEPOHY
no 17p-ectpaaiony. BusHavyeHHs LUbOro CniBBiOHOLLEHHS MOXe OyTUM BUKOPUCTAHO SIS BUSHAYEHHSI CXUJTbHOCTI
opraniamy o arpecii abo genpecii.

KnioyoBi cnoBa: TectocTepoH, 17p-ectpagion, AOMIHAHTHI | CyOMICMBHI camL LLypiB.
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COOTHOLUEHUE TECTOCTEPOHA WU 17p-actpapguona Y CAMUOB KPbIC C AOMUHAHTHbLIM U
CYBMUCCUBHbLIM TUNMOM NOBEAEHUA

Monosa J1. A., Bacunbesa U. M. BorgaHoBa T. B.

Pe3iome. Bbino nccnenoBaHo ypoOBEHb TECTOCTEPOHA M 17B-acTpagnona B naasme KpoBWU CaMLOB KPbIC
C OOMVHAHTHbIM M CYOMUCCMBHBLIM TUMaMu noBefeHus. BbiBneHa 3aBMCUMMOCTb YPOBHSI TECTOCTEPOHA OT
TMna nosefeHus. B npepenax kaxaon BO3pacTHOW rpynnbl YPOBEHb TECTOCTEPOHA Obll CaMbiM BbICOKMM Y
JOMUHAHTHBIX KpbIC. B npeaenax ogHoro tuna noBefeHns camblii BbICOKUI YPOBEHb TECTOCTEPOHA Habnoaancs
Y LUECTUMECSYHBIX KpbIC. YpOBeHb 17B-acTpaamona 6bii HUXE Y LOMUHAHTHBIX MO CPaBHEHUIO C CYOMUCCUBHBIMMA
KpbliCamu. Y caMLOB KPbIC BCEX BO3PACTHbIX FPYyMMn 1 TUNOB NMOBEAEHMS BbISIBIEHA TECHAs OTpULLATENbHAsA Koppe-
NFUNOHHAs CBA3b MeXAy YPOBHAMU 17B-3CTpaanona n TeCTOCTePOHa. Bbino BbIABNIEHO 3HAYUTENBLHYIO Pas3HULLY
MexXay OOMUHAHTHLIMY U CYOMUCCHBHBIMU KPbICAMU B COOTHOLLIEHMM YPOBHE TECTOCTEPOHA K 17B-3acTpagunony.
OnpepeneHne 3TOro COOTHOLUEHUST MOXET ObiTb MCMOMIb30BAHO AN ONPEAENeHNs CKIIOHHOCTU OpraHm3ma K
arpeccum nnm genpeccun.

KnioueBble cnoBa: TeCTOCTEPOH, 17B-3CTpagnon, AOMUHAHTHbIE N CYOMUCCUBHbBIE CaMLbl KPbIC.
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Testosterone to 17p-estradiol Ratio in Rat Males with Dominant and Submissive Types of Behaviour

Popoval. D., Vasylyeval. M., Bogdanova T. V.

Abstract. Aggression and suicide are significant problems of modern society. The investigation of features of
neurohumoral status in animals predisposed to dominant or submissive types of behaviour and the identification of
peripheral markers of these features are very important to prevent the development of aggression and depression
in humans. Testosterone is involved in regulation of aggression both in animals and in humans. The conversion
of testosterone into estradiol is a key mechanism of many physiological and behavioural processes regulation by
testosterone.

The objective of the study was to investigate plasma testosterone and 173-estradiol levels and their ratio in rat
males with dominant and submissive types of behaviour.

Experiments were carried out on 76 Wistar rat males (three-, six- and twelve-month-old). According to
classification of age groups of laboratory animals, tree-month-old rats belong to |l period (juvenile); six- and twelve-
month-old rats belong to Ill — reproductive (to young reproductive and mature reproductive, respectively). The
animals were separated according to the sensory contact model with some modifications into 3 groups: dominant,
balanced and submissive ones. Plasma testosterone and 17p-estradiol levels were determined by method of
immune-enzymatic analysis using “Alkor-Bio” and ELISA kits. Statistical analysis of the results was carried out by
methods of nonparametric statistics using the package “Statistica 6. 0”. Nonparametric analogues of dispersion
analysis — Kruskal-Wallis and median tests — were used to reveal the dependence of parameters on group. Mann-
Whitney test and correlation analysis according to Spearman were used to compare groups in pairs.

Blood plasma testosterone level was found to vary depending on the period of adulthood. Analysis of blood
plasma testosterone level in rats of different age groups but the same behaviour type revealed the following
predictability: in rat males independently on a type of behaviour the testosterone level was significantly increased
in six-month-old rats versus three-month-old ones and decreased in twelve-month-old rats versus six-month-old
ones. No differences were found between testosterone levels in three- and twelve-month-old rats with the same
type of behaviour. In all investigated age groups the testosterone level was revealed to depend on behaviour type.
It was increased in dominant rat males versus both balanced and submissive ones. Testosterone level in balanced
rats was higher than in submissive males but lower than in dominant ones. The most considerable differences were
observed in six-month-old rats.

The blood plasma 17p-estradiol was revealed to decrease in dominant rat males versus both submissive and
balanced ones. The level of 178-estradiol in balanced rats was higher than in dominant males but lower than in
submissive ones. Statistically significant negative correlation between testosterone and 17p-estradiol levels was
revealed in all investigated age groups regardless of the behaviour type.

Statistically significant differences of testosterone/17p-estradiol ratio were found between males with alternative
types of behaviour. The highest ratio of testosterone to 17p-estradiol was found in dominant rat males. Considerable
difference between testosterone/17-estradiol ratio in males with dominant and submissive types of behaviour may
be used to determine the predisposition of organism to aggression or depression.

The research of testosterone and 173-estradiol and their ratio in men with different predisposition to aggression
will be carried out.

Keywords: testosterone, 173-estradiol, dominant and submissive rat males.
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