Journal of V. N. Karazin™ KhNU. 2018

Fundamental researches

UDC [577.175.3:577.175.5].033:613.36:663.85:547.857.4

ORAL CONSUMPTION OF CAFFEINATED ENERGY DRINKS
AFFECTS THE MORPHOFUNCTIONAL STATE OF STRESS-
ASSOCIATED ENDOCRINE GLANDS
Tkachenko M. O., Gubina-Vakylyuk G. 1., Gorbach T. V., Denysenko S. A., Tkachenko A. S.,

Onishchenko A. 1., Zhurba E. P.
Kharkiv National Medical University, Kharkiv, Ukraine

The aim of the research was to study the features of the morphofunctional state of the pineal gland,
neurohypophysis and adrenal medulla, as well as the content of serotonin and catecholamine in the blood
serum of rats against the background of energy drink administration during two weeks. In animals that
consumed energy drinks during two weeks at a dose of 6 ml per kg of body weight, serum serotonin and
catecholamine levels were determined. Histological, including morphometric, studies of the epiphysis,
posterior pituitary and adrenal medulla were performed. Against the background of energy drink
administration, an increase in the content of blood serum serotonin, norepinephrine and epinephrine was
detected. The morphofunctional state of the endocrine glands investigated in the present study is strongly
stimulated. Indirect signs of apoptosis of parenchymal cells in the pineal gland, neurohypophysis and adrenal
medulla were established. The studied stress-associated endocrine glands in animals against the background
of the two-week intake of energy drinks have signs of a sharp stimulation of hormone production (serotonin,
norepinephrine, epinephrine, and vasopressin).
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BIL/IMB NEPOPAJIBHOI'O B’ KUBAHHA EHEPTETUYHUX HAIIOIB HA
MOP®O®YHKINIOHAJIBHUU CTAH CTPEC-OPTAHI3YIOUNX EHAOKPUHHUX 3AJI03

Txauenko M. O., I'yoina-Baxynuk I'. L, I'opoau T. B., /lenucenko C. A., Tkauenko A. C.,
Oniwenko A. L, Kypéa €. 11.
XapKiBChKUii HAallIOHAILHUN MEAWYHUI YHIBEPCHUTET, M. XapKiB, YKpaiHa

Meroto pobotu Oyio BHUBYEHHs ocoOumBocTeld MOp(ho(yHKIIIOHAILHOTO CTaHy HIMIIKOIOAIOHOT 3371031,
Heliporinogizy i MO3KOBOI PEYOBMHHM HAJHHUPKOBHX 3aJI03, a TAKOX BMICT CEPOTOHIHY 1 KaTeXOJaMiHIB y
CHPOBATIIl KPOBI IIYpiB Ha TJIi JABOTHKHEBOTO B)KMBAHHS E€HEPreTUYHUX HAIOIB. Y TBApHH, SIKI BXKUBAJH
€HepreTUYHMI Hamili IPOTArOM JBOX THXKHIB y J031 6 MJI Ha KI' Bard Tijia, BU3HAYAIH BMICT CEPOTOHIHY 1
KaTexoJaMiHIB y CHpoBaTIi KpoBi. [IpoBoamiu ricTonoriune, B TOMy 4UCIi MOp(QOMETPUYHE, JOCIIHKEHHS
emiiza MO3Ky, Helporinodizy i MO3KOBOI peYOBMHHM HAJHUPKOBUX 3asi03. Ha Tii mpuiioMy eHeproToHiKiB
BHUSBIICHO TIJBUIICHHS BMICTYy CEpOTOHIHY, HOpaIpeHATIHYy 1 aJApeHajiHy Yy CHpOBaTIi KpOBi.
MopdodhyHKII OHANBEHIM CTaH BUBYEHUX SHIOKPUHHHX 3aJI03 Pi3KO CTUMYIIbOBaHWNA. BcTaHOBIIEHO HETpsMi
O3HaK{ aronTo3y MapeHXiMaTo3HMX KITUH B emidi3i Mo3Ky, Helporimogi3i W MO3KOBiii peYOBHHI
HAJHUPKOBUX 3aJ703. BuBUeHi cTpec-acomiiioBaHi SHIOKPWHHI 3aJI03M Y TBAapWH HA TIi IBOTH)KHEBOTO
BKMBAaHHA CEHEPreTHYHUX HAMOIB MAalOTh O3HAKH pPi3KOi CTHUMYJSAIIl TOPMOHOMPOAYKIii (CepOTOHIH,
HOpaJpeHATiH, afpeHalliH, Ba30IPECHH).

K/IFIO4Y0BI CJIOBA: eunepretnuni Hanoi, Heliporinodi3, emidi3, MO3KOBa pEYOBHHA HATHUPHHUKIB,
CEpOTOHIH, KaTeXOJaMiHH
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MOP®O®YHKIIMOHAJIBHOE COCTOSIHUE CTPECC-OPI'AHU3UPYIOIIIUX
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Lenpro paboTHl SBUIIOCH M3YydeHHE OCOOEHHOCTEH MOp(OQYHKIMOHAIHHOTO COCTOSHUS IIUIIKOBHHOM
JKeJIe3bl, HeHporurmoduza ¥ MO3TOBOTO BEIIECTBA HA/AMOYEYHHKOB, a TaKKe COJEpKaHHE CEpOTOHHHA U
KaTeXOJIAMHHOB B CBIBOPOTKE KpPOBH KpbIC Ha (DOHE IBYXHEIEIBHOIO YIIOTPEOJIEHUS SHEPreTHYECKUX
HaIUTKOB. Y >KUBOTHBIX, KOTOPHIE YHOTPEOISIIM SHEPreTHYECKHH HANHWTOK B TEYEHHE JBYX HENENnb B
JIO3UPOBKE 6 MJI Ha KI' Beca, ONpPEIEISUIN COJAepKaHUe CEPOTOHMHA M KaTe€XOJaMUHOB B CHIBOPOTKE KPOBH.
[IpoBommin THCTOJOrMYECKOE, B TOM 4YHCIE MOpPPOMETPHYECKOe, HCCIeOoBaHUI OJMUdH3a MOo3ra,
HeWporumnogusa ¥ MO3TOBOTO BEIIECTBA HAANOYEYHHMKOB. Ha (oHe mprema 3HEproTOHWKOB OOHApYXKEHO
TIOBBIIIIEHUE  COAEPXKaHWS CEPOTOHMHA, HOpAJpEHAIMHA W  aJpeHaliHa B  CHIBOPOTKE  KpPOBH.
Mop¢hodyHKIMOHAEHOE COCTOSIHUE M3YYEHHBIX HAOKPUHHBIX KeJle3 Pe3KO CTUMYIHPOBAHO. Y CTaHOBIICHBI
KOCBEHHBIE ITPU3HAKH aIrlonTo3a MapeHXMMAaTO3HbIX KIETOK B 3mudu3e Mosra, Helporumnoduse 1 MO3rOBOM
BEIIIECTBE HAJNOYEYHHUKOB. V3ydeHHbIE CTpecc-acCOUMUPOBAHHBIE YHIOKPUHHBIC JKENIe3bl y JKUBOTHBIX Ha
(oHE JBYXHEIENHHOTO YHNOTPEONEHHS 3HEPreTHYECKHX HAIMUTKOB MMEIOT NPH3HAKU PE3KOH CTUMYISIUH
TOPMOHOIPOAYKIINH (CEPOTOHMH, HOPaJAPEHAINH, aIpCHAIINH, BA30IPECCHH).

K/TIOYEBBIE CJIOBA: »HepreTHMYeCKHE HANMUTKH, Hehporumnodpus, 3mudu3, MO3TOBOC BEIIECCTBO

HaAINMOYCYHUKOB, CCPOTOHUH, KATEXOJIaMUHbBI

INTRODUCTION

Since the appearance of caffeinated energy
drinks in Europe in 1987, they have been
gaining popularity on the market all over the
world [1]. They are used primarily by youth to
improve mental and physical performance and
endurance. One of the active substances present
in such drinks is caffeine. According to Food
and Drug Administration, the daily intake of
caffeine should be limited to 300 mg. However,
the content of caffeine per one can or a small
bottle of energy drinks may reach 550 mg [2].
Apart from caffeine, caffeinated beverages
contain other methylxanthines, glucurono-
lactone, guarana, group B vitamins, taurine,
ginseng, etc. In addition, caffeinated energy
drinks have a lot of sucrose [1]. It has been
reported that the intake of caffeine-containing
energy drinks has been associated with health-
related problems among their consumers. In
particular, it has been demonstrated that the
consumption of caffeinated energy drinks and
their ingredients affects mood and the state of
the nervous system, contributes to the deve-
lopment of cardiovascular disorders, causes
changes in the gastrointestinal tract and leads to
significant metabolic effects [1-4]. Despite
numerous reports about negative effects of
caffeinated energy drinks on the metabolism,
the cells of such beverages are growing and the
energy drink market size reaches over forty
billion dollars.

Taking into account the fact that caffeine-
containing beverages affect mood, sleeping and
their consumption may result in the
development of neurological and psychological
effects [2], it is of huge importance to find out

how their intake affects the state of stress-
associated endocrine glands [5].

OBJECTIVE

The aim of the research was to study the
features of the morphofunctional state of the
pineal gland, neurohypophysis and adrenal
medulla, as well as the content of serotonin and
catecholamine in the blood serum of rats
against the background of energy drink
administration during two weeks.

MATERIALS AND METHODS

According to the experiment, twenty WAG
adult rats were randomly divided into two
groups: experimental (n=10) and control
(n=10). Rats from the experimental group
were orally administered caffeine-containing
energy drink of the famous brand once per day
at a dose of 6 ml per 1 kg of weight during two
weeks. The control group consisted of healthy
intact animals.

The European Convection for the Protection
of Vertebrate Animals used for Experimental
and other Scientific Purposes and Directive
2010/63/EU on the protection of animals used
for scientific purposes adopted on September
22, 2010 were strictly followed when carrying
out our research. The research design was
approved by the Committee of Bioethics
(Kharkiv National Medical University).

Animals from both groups were killed by
decapitation. The pineal, pituitary and adrenal
glands were isolated and fixed in 10 % neutral
formalin and embedded in paraffin. Micro-
sections were stained using hematoxylin-eosin
and Einarsson gallocyanin chrome alum. In
addition to the general description of
histological features, a morphometric study was
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performed to determine the area of the nuclei
(karyometry) of neuroendocrinocytes in adrenal
medulla, pinealocytes, and pituitocytes. The
amount of pinealocytes in a limited area of the
microslide (S = 500 um?) was calculated.

Immediately after decapitation, blood was
collected in order to obtain serum. The content
of catecholamine and serotonin in blood serum
was determined using the spectrofluorometric
method [6].

«GraphPad Prism 5» was used to statisti-
cally process the obtained data. To evaluate the
quantitative differences between experi-mental
and control groups, the nonparametric Mann-
Whitney U test was chosen. The results were
statistically significant at p < 0.05.

RESULTS AND DISCUSSIONS

The tissue of the pineal gland in control
animals looks compact with insignificant small
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voids. Thus, its structure can be considered
cellular with signs of the formation of the
lobular structure. It is worth noting that many
pinealocytes have a large light (euchromic)
nucleus with a clearly visible nucleolus. In the
pinealogy, such pinealocytes are considered to
be peptide-producing. Pinealocytes with darker
and angular nuclei are believed to produce
indolamines: serotonin and melatonin. It is
interesting to note that peptide-producing
pinealocytes have eosinophilic cytosol, whereas
cytosol in indolamine-generating cells looks
vacuolated. Obviously, if pinealocytes simul-
taneously produce both polypeptides and
indolamines, their cytosol seems to be granular
or foamy. Such pinealocytes prevail in animals
from the control group. Some small-sized
«empty» areas can be found in the pineal tissue.
They are formed as a result of apoptotic cell
death of 1-2-3 pinealocytes (Fig. 1).
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Fig. 1. Pineal tissue of an animal from the control group is compact and cellular. The huge number of
pinealocytes with granular cytosol is observed. Hemotoxylin and eosin staining, x400.

In the experimental group, the histological
structure of the pineal gland is characterized by
the noticeable shift towards the lobular
structure. Larger «empty» foci are observed. At
their edges isolated pinealocytes are located.
Such changes indicate a massive (several
pinelaocytes at once) death of pinealocytes by
apoptosis. Detailed analysis of the cytological
features of pinealocytes allows us to presume
that pinealocytes with  morphofunctional
features of indolamine-producing cells prevail
in the experimental group (Fig. 2).

The morphometric study revealed a
significant reduction in the amount of
pinaleocytes per a fixed area of microslides
(S=500 um®) in the experimental group

compared to the control group: 5.1 + 0.3 and
7.7 £ 0.4 (p <0.001), respectively. In addition,
karyometry showed that nuclei of pinealocytes
in the epiphysis in animals from the
experimental group are significantly larger than
in the control group: 19.23 +0.36 um® and
14.35 + 0.34 um® (p < 0.001), respectively. This
indicates that pinealocytes have functioned
strenuously producing more indolamines.
Compared to the control group, there is an
abundant capillary network in the neurohypo-
physis of animals from the experimental group
(Fig. 3, 4). It is well visualized on microslides
stained by Mallory. There are clusters of
Herring bodies that adsorb alcian blue well
along the capillaries, surrounding them (Fig. 4).
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Fig. 2. Pineal tissue of an animal from the experimental group. Empty areas (marked with arrows) with
separate pinealocytes are observed. Such changes are probably the result of pinealocyte apoptosis.
The total number of pinealocytes is reduced. Hematoxylin and eosin staining, x400.

Fig. 3. Posterior pituitary of an animal from the control group. The capillary network is moderate.
Along the vessels there are alcian blue-positive formations with spherical Herring bodies.
Mallory’s staining, x100.

by the more pronounced capillary network, higher volume of Herring bodies
with the decreased optical density of the substrate. Mallory’s staining, x100.
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The accumulation of vasopressin is much
more noticeable in the experimental group in
comparison with the control group. Pituicytes,
which are elements of macroglia and perform
trophic and supporting functions, are hyper-
plastic. Their size is increased: 22.60 +
0.04 um’ in the control group against 23.91 +
0.05 um?® in the experimental group (p < 0.001).
The presence of microglia is noticeable, which
can be explained by more active apoptotic
processes and the need to utilize apoptotic
bodies in the neurohypophysis in the
experimental group.

Thus, microscopic signs of an increase in the
morphofunctional activity of the posterior
pituitary gland in animals receiving caffeinated
energy drinks at a dose of 6 ml per 1 kg of body
weight were found. Such conclusion is con-
firmed by a more developed capillary network,
the increased accumulation of the substrate in
the enlarged Herring bodies, as well as by
hyperplasia and hypertrophy of the pituitocytes.

The study of adrenal medulla in animals
from the experimental group showed that the
cells had a more eosinophilic cytosol with some
visible vacuoles. Along with small, dark nuclei
there are areas filled with large, light nuclei that
sometimes have two nucleoli, which points to

polyploidy. A considerable increase in the size
of the neuroendocrinocyte nuclei in the
experimental group was found. It was 13.6 +
0.4 um® in the control group and reached 15.3 +
0.5 um’ in the experimental one (p <0.01),
which might indicate an increased synthesis and
secretion of catecholamine. Some small cellular
debris, probably apoptotic bodies, can be seen
occasionally. They indicate the increased load
and cell death rate, which is confirmed by the
increased morphofunctional load of adrenal
neuroendocrinocytes.

Such significant increase in the levels of
stress-related hormones and serotonin against
the background of the increased morpho-
functional activity of pinealocytes (overpro-
duction of indolamines), adrenal and posterior
pituitary neuroendocrinocytes leads to the
exertion of all regulatory systems, behavioral
responses due to compensatory abilities of the
body, and creates a high risk of pathological
processes. Signs of apoptosis in the pineal
gland («empty» areas in the pineal tissue),
adrenal medulla (apoptotic bodies) and
posterior pituitary gland (tissue is rich in
macroglia) indicate the development of
atrophization.

Table 1

The content of serotonin and catecholamine in blood serum of animals against
the background of caffeinated energy drink administration (Me [25 %; 75 %])

203,9 [197,1; 209,7]

Grouns Serotonin, Norepinephrine, Epinephrine,
P nmol/l nmol/I nmol/I
Control group 12,44

0,86 [0,82; 0,88]

(n=10) [12,06; 12,84]
Experimental group 596,2 [578,7; 612,7] 24,34 [22,76; 25,10 2,62 [2,30; 2,94]
(n=10) p <0,0001 p <0,0001 p < 0,001

Notes: 1. n is the number of animals in the group; 2. p is a significance compared to the control group

CONCLUSIONS

1. Oral consumption of energy drinks during
two weeks by experimental animals led to
morphological changes in the pineal gland
(prevalence of indolamine-producing
pinealocytes), an increased load on these cells
and probably their faster and frequent
apoptosis. The number of pinealocytes in the
pineal gland decreases and their morpho-
functional load increases.

2. Short-term administration (14 days) of
caffeinated energy drinks affects the
morphofunctional state of posterior pituitary,

10

which can be highly likely interpreted as a
result of overproduction of vasopressin.

3. Overproduction of serotonin by pynea-
locytes and catecholamine by adrenal glands is
confirmed by their higher levels in blood serum
of animals after the two-week-long intake of
energy drinks compared to the control group.

PROSPECTS FOR FUTURE STUDIES

It is promising to study effects of caffeinated
energy drinks on the morphofunctional state of
other brain structures and features of
neurotransmitter metabolism in them.
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