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Population features of sex and stress hormones levels
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Testosterone, estradiol, noradrenaline, adrenaline, cortisol levels in blood serum of Ukrainian and Indian
young men and interrelations between those parameters, neuroticism and physical aggression were studied.
Higher noradrenaline and estradiol contents were revealed in Indian men population as compared with
Ukrainian one. Both in total group of participants and men of every population no interrelation between
investigated parameters and neuroticism was found, but in Indian men the strong negative correlation
between noradrenaline and physical aggression was observed. After division of all participants into
3 subgroups depending on neuroticism level, in persons with high neuroticism the significant positive
correlation between neuroticism and cortisol and significant negative correlations between noradrenaline
and neuroticism, between noradrenaline and physical aggression were observed. In individuals with middle
neuroticism level the strong positive correlations between estradiol and neuroticism and between testosterone
and physical aggression were found. Obtained results indicate the different contribution of cortisol and
estradiol to formation of high and middle neuroticism levels. The increased content of noradrenaline in men
of Indian population appears to provide the potent control of neuroticism and physical aggression expression.
In all subgroups (Ukrainian and Indian men, persons with high and middle neuroticism) the strong positive

correlation between testosterone to noradrenaline ratio and cortisol to noradrenaline ratio was found.
Key words: sex hormones, stress hormones, neuroticism; physical aggression; men.

INTRODUCTION

Aggression is characteristic for both animals
and human. In normal ranges it is necessary for
providing individual survival, but excessive
aggression is dangerous for both individuals
and society.

Two main human excessive aggression forms
are described: impulsive and premeditated [1].
The aggression formation mechanisms inves-
tigation is very important for understanding
excessive aggression manifestations.

According to some literature data, both high
impulsive [2, 3] and premeditated [3] aggres-
sions are associated with high neuroticism. In
perinatal period testosterone has organizational
effects on neural circuits [4] expressed by ag-
gressive behavior in adults [5]. These effects
are realized through aromatization of testicular
testosterone into B-estradiol in specific regions
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of brain [6]. It triggers a second period of struc-
tural reorganization and plasticity in the brain
in puberty [7]. Testosterone modulates neural
circuits in adults [1].

Catecholamines and glucocorticoids are
involved in stress reaction and influence the
neurobehavioral functions in different brain
areas [1, 8, 9]. Noradrenaline exerts a signifi-
cant influence on early brain development by
means of regulation of neurogenesis, migra-
tion, differentiation, plasticity and other key
morphogenetic processes [10]. Monoaminergic
system provides homeostasis both brain and
whole organism [11]. It greatly influences hu-
man and animal emotions and behavior [1, §].
An activation of hypothalamic pituitary adre-
nal axis in response to physical and emotional
stress is accompanied by numerous neuronal
and emotional responses aimed at maintaining
homeostasis [12].
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The aim of work was the investigation of
testosterone, estradiol, noradrenaline, adrenaline,
cortisol levels in blood serum of Ukrainian and In-
dian young men and interrelations between those
parameters, neuroticism and physical aggression.

METHODS

The study involved 32 young men of Ukrainian
and Indian populations aged 18 to 22 years.
Neuroticism and physical aggression were esti-
mated using Eysenck Personality Inventory and
Buss-Durkee Hostility Inventory.

Buss-Durkee Hostility Inventory is used to
study aggression. Physical aggression was as-
sessed in a percentage of the maximum level.

Eysenck Personality Inventory provides
the estimation of extraversion-introversion and
emotional stability-instability (neuroticism). The
level of neuroticism was estimated in points. After
processing the answers to Eysenck Personality
Inventory, we determined the level of neuroticism
in each participant in the study. According to the
results obtained, we divided the general group
into three subgroups depending on the neuroti-
cism level (low level of neuroticism - less than 7
points, middle level of neuroticism - 8-13 points,
high level of neuroticism- more than 14 points).

Eysenck Personality Inventory provides to
estimate the answers sincerity. If the answers
have not been sincere, they were not taken into
account during the correlation analysis between
physical aggression or neuroticism and inves-
tigated hormones in total group, in Ukrainian
men, in Indian men, and during the correlation
analysis between all parameters in subgroups
with middle neuroticism and high neuroticism.
Correlation analysis between investigated pa-
rameters in persons with low neuroticism was
not carried out because of few such individuals.

Hormone levels in blood serum were de-
termined by Testosterone, Estradiol, Cortisol
ELISA kits (Italy), Noradrenaline (NA), Epi-
nephrine/Adrenaline (EPI) ELISA kits (China).

Statistical analysis of the results was carried out
by methods of nonparametric statistics using the pack-
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age “Statistica 6.0”. Mann-Whitney test was used to
compare groups in pairs. Correlation analysis accord-
ing to Spearman was used to reveal the relationship
between different variables of the same group.

RESULTS

Both in total group of participants and men
of every population no interrelation between
investigated parameters and neuroticism was
found, but in Indian men the strong negative
correlation between noradrenaline and physical
aggression was observed (r=-0.83, p=0.042).

Higher noradrenaline and estradiol contents
were revealed in Indian population men as
compared with Ukrainian ones (Figure 1,2).

After division of all participants into 3
subgroups depending on neuroticism level, in
persons with high neuroticism the significant
positive correlation between neuroticism and
cortisol (r=+0.81, p=0.004) and significant
negative correlations between noradrenaline
and neuroticism (r=-0.71, p=0.034) and between
noradrenaline and physical aggression (r=-0.70,
p=0.035) were observed.

In individuals with middle neuroticism level
the strong positive correlations between estradiol
and neuroticism (r=+0.85, p=0.014) and between
testosterone and physical aggression (r=+0.93,
p=0.008) were found.
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Figure 1. Noradrenaline level in blood serum of Indian
and Ukrainian young men (Me [25%; 75%], min and max;
* P<0.05)
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Figure 2. B-Estradiol level in blood serum of Indian and Ukrai-
nian young men (Me [25%; 75%], min and max; * P<0.05)

We calculated the ratios of cortisol to testo-
sterone, cortisol to noradrenaline, testosterone
to noradrenaline. We compared these ratios in
Ukrainian and Indian men, and also in persons
with middle and high neuroticism. We performed
correlation analysis between these ratios and all
investigated parameters.

The significant negative correlation between
cortisol to testosterone ratio and physical
aggression was revealed in Ukrainian men
(r=-0.57, p=0.00142) and individuals with
middle neuroticism (r=-0.84, p=0.036). The
significant positive correlation between cortisol
to testosterone ratio and neuroticism was revealed
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Figure 3. Testosterone to noradrenaline ratio in blood serum
of Indian and Ukrainian young men (Me [25%; 75%], min
and max; * P<0.05)
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in persons with high neuroticism (r=+0.77,
p=0.0093). High positive correlation was found
between cortisol to testosterone and cortisol to
noradrenaline ratios in Ukrainian men (r=+0.63,
p=0.0036), and between cortisol to noradrenaline
ratio and physical aggression in persons with
high neuroticism (r=+0.78, p=0.0075).

It should be noted that strong positive
correlation between testosterone to noradrenaline
ratio and cortisol to noradrenaline ratio in all
subgroups (Ukrainian men — r=+0.63, p=0.004;
Indian men — r=+0.80, p=0.00096); persons with
high neuroticism — r=+0.79, p=0.006); individuals
with middle neuroticism — r=+0.93, p=0.0025).

No difference was observed between cortisol
to testosterone coefficients in Ukrainian and
Indian men. In individuals with high and
middle neuroticism no differences between
cortisol to testosterone, between cortisol
to noradrenaline, between testosterone to
noradrenaline coefficients were revealed.
But Ukrainian and Indian men differed by
testosterone to noradrenaline (p=0.040076) and
cortisol to noradrenaline (p=0.030169) ratios,
those were higher in Ukranian men (Figure 3, 4).

DISCUSSION

During specific sensitive phases of early fe-
tal and perinatal development the steroid sex
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Figure 4 Cortisol to noradrenaline ratio in blood serum of
Indian and Ukrainian young men (Me [25%; 75%], min and
max; * P<0.05)

11



Population features of sex and stress hormones levels in young men blood serum

hormones have organizing influence on both
neuroendocrine system and brain mechanisms
underlying gender-specific behavior [13].

Organizing effects during fetal life and acti-
vating effects of sex hormones on hypothalamic
pituitary adrenal axis have been reported [14].
Both androgen receptors and androgen conver-
sion to estrogen have an organizing influence of
on hypothalamic pituitary adrenal axis habitu-
ation to repeated psychogenic stress [15]. So,
androgens affect sensitivity to stress.

On the other hand, hypothalamic pituitary
adrenal axis hormones play the important role
in mediation of prenatal stress induced disorders
of brain development programming processes.
The diminishing of sex-specific pattern of the
protein fractions (on the 5th postnatal day),
steroid aromatase activity (on the 10th postnatal
day) in the brain preoptic area, and a decrease
of male copulatory behavior, hypothalamic nor-
adrenaline and plasma corticosterone responses
to an acute stress, an increase in hypothalamic
pituitary adrenal responses to noradrenergic
stimulation in adulthood were revealed in pre-
natally stressed males [16].

Modulation of long-term alterations in
synaptic strength, gene transcription and other
processes by noradrenaline suggests a poten-
tially critical role of this mediator system in
experience-dependent alterations in neural
function and behavior [17]. It is possible that
noradrenaline is one of inducers of androgen-
dependent sexual differentiation of brain [18].

Almost all of noradrenergic fibers begin in
the brain stem nuclei. Half of them belong to the
locus coeruleus [19]. Locus coeruleus has dense
excitatory projections to cortex, hippocampus,
amygdale, thalamus, hypothalamus, dorsal raphe
nucleus serotoninergic neurons [20]. Despite
the wide noradrenergic projection from locus
coeruleus to cortex, the only cortical structure
projecting back to the locus coeruleus is medial
prefrontal cortex [21].

The exposure to stress is associated with
locus coeruleus excitation and raising of nor-
adrenaline release and renovation in brain areas
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having noradrenergic innervation [22]. Under
normal conditions, noradrenergic systems can
influence the magnitude of the hypothalamic
pituitary adrenal axis response to stress [23].
Noradrenaline released in the frontal cortex is
important modulator of the basal and stress-
induced output of the autonomic nervous system
[24].

All the above mentioned substantiates the
choice for the study namely of these hormones
and the possibility of studying peripheral cat-
echolamines instead of brain catecholamines.

According to obtained data, no interrelation
between investigated parameters and neuroti-
cism was found both in total group of partici-
pants and men of every population, but in Indian
men the strong negative correlation between
noradrenaline and physical aggression was
observed.

Due to literature data about relation of
both impulsive [2, 3] and premeditated [3]
aggressions to high neuroticism, we divided
the participants into 3 subgroups according to
neuroticism level and examined the correlations
within these subgroups.

In persons with high neuroticism the sig-
nificant positive correlation between neuroti-
cism and cortisol and significant negative
correlations between noradrenaline and neuro-
ticism, and between noradrenaline and physical
aggression were observed. Our results on the
negative correlation between the content of
noradrenaline and neuroticism are consistent
with the literature data on the relationship
between polymorphism of the dopamine beta-
hydroxylase promoter gene and impulsivity
[25]. According to these results homozygosity
at this locus (TT genotype at DBH-1021)
appears to increase the risk towards personality
traits related to impulsiveness and aggression
[25]. Dopamine B-hydroxylase catalyzes the
conversion of dopamine to noradrenaline and
plays a critical role in maintaining balance of
dopamine and noradrenaline in cortex. The T
allele decreases gene transcription and slows the
rate of dopamine conversion to noradrenaline
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[26]. So, the decrease of noradrenaline leads to
higher impulsivity.

Results on negative correlation between
noradrenaline and physical aggression may be
explained by important role of noradrenaline
in executive function. Norepinephrine activity
impacts all four of the cognitive processes that
participate in executive function (response
inhibition, attention and two types of cognitive
flexibility, set-shifting, and reversal learning)
[26]. Executive function provides the organism
adaption through the regulation of reflexive
reactions to current salient stimuli to achieve
the goals requiring complex behaviors.

Higher noradrenaline and estradiol contents
were revealed in Indian population men as
compared with Ukrainian ones. We believe that
increased content of noradrenaline in men of
Indian population provides the potent control of
neuroticism and physical aggression expression.

In individuals with middle neuroticism level
the strong positive correlations between estradiol
and neuroticism and between testosterone and
physical aggression were found. Correlation
analysis between investigated parameters in
persons with low neuroticism was not carried
out because of few such individuals. Obtained
results indicate the different contribution of
cortisol and estradiol to formation of high and
middle neuroticism levels.

In the literature, there is evidence that not
the absolute content of hormones, in particular
testosterone or cortisol, but their ratio is
important for the formation of dominance or
the development of aggression. Testosterone
positively correlates with the dominance in
individuals with low cortisol. In individuals
with high cortisol, the relationship between
testosterone and dominance is blocked and even
acquires the opposite direction [27]. Hormonal-
serotoninergic theory of the development of
impulsive aggression in humans includes the
effects of high testosterone to cortisol ratio on
amygdala and low serotonin in the prefrontal
cortex [28]. Taking into account these findings
and literature data on the noradrenaline influence
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on the magnitude of the hypothalamic pituitary
adrenal axis response to stress [23], on the
selective effects of gonadectomy and hormone
replacement in adult male rats on norepinephrine
transporter sites in the cerebral cortex [29], we
calculated the ratios of cortisol to testosterone,
cortisol to noradrenaline, testosterone to nor-
adrenaline.

The general tendency was found in all
subgroups (Ukrainian and Indian men persons
with high and middle neuroticism): strong
positive correlation between testosterone to
noradrenaline ratio and cortisol to noradrenali-
ne ratio. Ukrainian and Indian men differed by
testosterone to noradrenaline and cortisol to
noradrenaline ratios. These ratios were higher
in Ukranian men. Interpretation of this tendency
requires the same research in other populations.

Thus, the positive correlation between
neuroticism and cortisol and negative cor-
relations between noradrenaline and neu-
roticism, noradrenaline and physical aggression
were observed in persons with high neuroticism.
The positive correlations between estradiol
and neuroticism and between testosterone and
physical aggression were found in individuals
with middle neuroticism level. The strong
negative correlation between noradrenaline and
physical aggression was observed in Indian men.
Higher noradrenaline and estradiol contents
were revealed in Indian population men as
compared with Ukrainian population men. The
increased content of noradrenaline in men of
Indian population appears to provide the potent
control of neuroticism and physical aggression
expression. In all subgroups (Ukrainian and
Indian men, persons with high and middle
neuroticism) the strong positive correlation
between testosterone to noradrenaline ratio and
cortisol to noradrenaline ratio was found.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or financial
relations, relations with organizations and/or
individuals who may have been related to the study,
and interrelations of co-authors of the article.
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JLLA. Illonoa, U.M. BacuabeBa, O.A. Hakoneunast

NONYJIAINUOHHBIE OCOBEHHOCTH
COAEPXAHUS ITOJTOBBIX TOPMOHOB
N TOPMOHOB CTPECCA B CBIBOPOTKE
KPOBHU MOJIOAbLIX MY KYNH

HccnenoBano copepkaHne TECTOCTEPOHA, ICTPAANOINA, HO-
paapeHanuHa, aipeHaaHa, KOPTU30/Ia B CBIBOPOTKE KPOBU
Y MOJIOZIBIX MYXUHH YKPAaUHCKOM U MHANNCKON MOIMYJISIUN
1 B3aMMOCBSI3b 9THX ITOKa3aTelel, HeHpoTusma u puznge-
cKoii arpeccuu. bosiee BbICOKHE KOHLIEHTPALMU HOpaipeHa-
JIFHA U 3CTPAANOiIa ObLIN BHISABIEHBI y MyKUYHH HHANHCKOI
MOMYJISIIUY IO CPAaBHEHHIO C MY>KYMHAMU YKPAHHCKOM
nomyssinuy. Kak B o01ieii rpymmne y4acTHUKOB, TaK Uy
MOCIIeTHUX HE ObLIIO OOHAPYKEHO B3aUMOCBSI3U HCCIIEye-
MBIX IIApaMETPOB U HEMPOTU3MA, HO Y MY>KUMH MHIUNCKON
MOMyJISIIUY HaOTI0anack CUIIbHAsI OTPHIATENbHAS KOppe-
JSIIUST MKy COZIepsKaHUEM HOpaApeHANINHA 1 (PU3NIeCKOH
arpeccueil. Y 1M1l ¢ BBICOKMM YPOBHEM HelpoTn3Ma oOHa-
PY’KEHBI OTPHLATEIbHBIE KOPPETALHOHHBIE CBSI3H MEXKIY
HOPAaJPEHAIMHOM U HEHPOTU3MOM, MKy HOPAIPEHAIH-
HOM U (DPU3MUYECKOI arpeccueil, a TakiKe MOJ0KHTETbHAS
KOpPEJSLUS MEXAY HEHPOTU3MOM M KOPTH30JI0M. Y JIHIL

CO CPEIHUM YPOBHEM HEHPOTH3Ma ObUTH CHIBHBIE MOJIO-
JKUTEIbHBIE KOPPETSLUN MEXKIY COAEPkKAHUEM CTPaanona
U HEMPOTU3MOM, a TAKKE MEXKITY COJAEP/KaHUEM TECTOCTE-
poHa u pusmyeckoii arpeccueil. [lomydeHHbIe pe3ynbTraThl
YKa3bIBaIOT Ha Pa3IHMYHbINA BKJIAJ KOPTH30JIa U 3CTPAANONa
B ()OPMUPOBAHUE BEICOKOTO M CPEAHETO YPOBHEH HEHPOTH3-
Ma. Bo3aMoHO, 4TO MOBBIIEHHAs! KOHIEHTPAIHs HOpape-
HaJIMHA y MY>KYUH HHAUHCKON MOMyIIsIiuy 00ecrednBaeT
MOIIHBIH KOHTPOJb YKCIIPECCUHN HEMPOTH3MA 1 (PU3NUECKOI
arpeccun. Bo Bcex moarpynmax (y My>K4uH YKPauHCKOW U
WHAMMCKON MOMYJISILUM, Y JUILL ¢ BBICOKUM U CPETHUM YPOB-
HEM HelpoTu3Ma) Obula 0OHAPYKEHA CUIIbHAS MTOJIOKUTEIb-
Hasl KOPPEJSIHs MEXITy COOTHOIIEHUSMH TECTOCTEPOHA K
HOPaJpEHaINHy 1 KOPTU3071a K HOPaAPEHAIHHY.

KutoueBble €J10Ba: IOJOBbIE TOPMOHBI; TOPMOHBI CTpEcCa;
HEHpOTU3M; QU3NUECcKas arpeccus; My KUHHBI.

JI.J. llonoBa, I.M. BacuaneBa, O.A. Hakoneuna

MONMYJIAIINHI OCOBJUBOCTI BMICTY
CTATEBUX 'OPMOHIB TA TOPMOHIB
CTPECY Y CUPOBATII KPOBI MOJIOANX
YOJOBIKIB

JlocmiKeHo BMICT TECTOCTEPOHY, €CTpaaiony, Hopaape-
HaJTiHy, aipeHaIiHy, KOPTHU30JIy B CHPOBATLi KPOBI MOJOIUX
YOJIOBIKIB YKpPAiHCHKOI Ta 1HAIMCHKOI MOMYNALIN, a TaKOX
B32€MO3B’ 530K IIMX MOKA3HHKIB, HEUPOTU3MY Ta (Hi3MUHOL
arpecii. binbm BUCOKI piBHI HOpagpeHATiHy Ta €CTpPaaiony
OyJ10 BUSIBJICHO Y YOJIOBIKiB 1HIIHCHKOT OIS TOPiBHSHO
3 4OJIOBIKAMHM YKpPATHCHKOI MOMymALii. SIK y 3aranpHii rpyri
YYaCHHUKIB, TaK 1 Y OCTaHHIX HE BUSBICHO B3a€MO3B’A3KY
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JIOCITI/PKEHHUX TIOKAa3HUKIB Ta HEHPOTH3MY, O/THAK Y YOJIOBIKIB
iHICbKOT NOMYJISLIT criocTepiranacs HeraTuBHA KOPEJISLIis
Mi>K BMICTOM HOpaJpeHainy Ta Gpi3udHoIo arpeciero. ¥ ocib
3 BHCOKHM piBHEM HEHUPOTH3MY CIIOCTEpIrajucsi HeraTHBHI
KOpEeJISILiiiHI 3B’ 13KM MiXK HOPaAPEHATIHOM Ta HEHPOTU3MOM i
(bi3MYHOIO arpeci€ro Ta MO3UTUBHA KOPEIISLis MiXK HEHpOTH3-
MOM Ta KOPTU30JIOM. Y 0¢i0 3 cepeaHiM piBHEM HEHpoTH3My
OyJI0 BHSIBIICHO CHIIBHI ITO3UTHBHI KOPEJSLIiTHI 3B’ SI3KM MK
€CTPaIioyIoM i HEHPOTH3MOM Ta MK TECTOCTEPOHOM i (i3ud-
HoIo arpeciero. OTpuMaHi pe3ysbTaTH BKa3ylOTh Ha Pi3HM
BHECOK KOPTH30JIy Ta ecTpajiony y (HOpMyBaHHS BHCOKOTO
Ta CepeIHbOro PiBHIB HEHpPOTH3MY. MOXKIIHBO, 11O ITiBHIIIE-
HHMH BMICT HOPaJIpEHAJIiHY Y YOJIOBIKIB iHAIHCHKOT MOMYISILT
3abesredye NOTYKHUI KOHTPOJIb eKcrpecii HefipoTusmy Ta
¢iznunoi arpecii. Y Beix miarpynax (y 400BiKiB yKpaiHCHKOT
Ta iHAIHCHKOT NOMYJIALIH, y 0ci0 3 BUCOKMM Ta CEpPeAHIM piB-
HSIMU HEHPOTH3MY) BUSIBIICHO CHIIbHY O3UTUBHY KOPEJISLII0
MK CITiBBITHOILICHHSIMU TECTOCTEPOHY JI0 HOPAJApEHAIIiHY Ta
KOPTH30JTy 10 HOPaJApCHATIHY.

Ki1r040Bi €110Ba: CTaTeBi FTOPMOHU; TOPMOHH CTpPECCy; HEHpo-
TH3M; Bi3UYHa arpecis; Y0JIOBIKH.

Xapriscokuil HayioHanbHu MeOUYHUL yHigepcumen,
e-mail: popova_ld@ukr.net
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