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BINUAHWE OOONELIUICYNb®ATA HATPUSA HA ®U3NOJI0IN0-EUOXUMUYECKUE
N ULNTO-MOP®ONOIM’MYECKUE CBOUCTBA O POXOKEU POOA CANDIDA N SACCHAROMYCES

CpaeHeHbl ¢hu3uosio2o-6uoxumuyeckue u yumo-mopghosiocuyeckue ceolicmea UCxoOHbIx wmammoe Candida albicans ATCC 10331,
Saccharomyces sp. KHY 1 u ux eapuaHmos, komopbie Kynbmueuposgasu Ha cpede Cabypo ¢ aHUOHHbIM M08E€PXHOCMHO-aKMUBHbLIM 8eU,eCimeoM
(MAB) dodeyuncynsgpamom Hampusi (CH). [MokasaHo, ymo koumakm c [JCH conpoeoxdasicsi ucye3HoseHueM y OpoxxKeli crocobHocmu K accu-
munsayuu psida cybcmpamos, HO He enusi/l Ha YyyecmeumesibHOCMb K aHmubuomukam. locne nepeoz2o naccaxa usmeHsinacb Mopgosio2us Kie-
MOK, yMeHbWasnocb KoJu4ecmeo OJIFoMuHa, Mosies/IuCh Xupoeble ektovyeHusi. locrie yemeepmozo naccaxa Yumo-mopgosoauyeckue oco-
6eHHOCMU KIlemoK Yacmu4HO 80CCMaHaeIu8asnuch.

Knrouyeenie cnoea: dodeyuncynbgham Hampusi, 6uonoauyeckue ceolicmea, OPOXKU.

L. Stepura, PhD., O. Radchenko, PhD., P. Zelena, chief of science lab.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

EFFECTS OF SODIUM DODECYLSULFATE ON PHYSIOLOGICAL,

BIOCHEMICAL AD CYTOMORPHOLOGICAL PROPERTIES OF CANDIDA AND SACCHAROMYCES GENERA
Physiological, biochemical, cyto-morphological properties of initial strain Candida albicans ATCC 10331, Saccharomyces sp. KHY 1 and their
variants, which were cultivated in medium Saburo with anionic surfactant (SAS) sodium dodecyl! sulfate (SDS) have been compared. It was shown
that the effect of SDS was accompanied by disappearance of possibility to assimilate a number of substrates, but did not affect antibiotics
sensitivity. They changed its morphology after 1 passage, diminution quantity of volutin, appearance of fat inclusion. Morphology of cells partially

restored after 4-th passage.
Key words: sodium dodecyl sulfate, biological properties, yeasts.
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EFFECT OF DIFFERENT ORAL DOSES OF GLUCOSE
ON THE BLOOD SERUM CONTENT OF SEROTONIN IN RATS

The analysis of the effect of different doses of oral glucose content of serotonin in blood serum of rats. The increasing
content of serotonin in blood serum of rats with diabetes and with the administration of glucose. The increase in the studied
parameters in the serum of the control group of animals under conditions of a glucose. It is concluded that glucose has a direct
positive effect on the endogenous flow of serotonin into the bloodstream.

Key words: glucose, serotonin, rat.

Introduction. Ukraine has a population of about
45.7 million and the official data state that the prevalence of
diabetes in Ukraine is 2.5% % (1,133,922 people are
registered with diagnosed diabetes). The Diabetes Atlas
indicates for Ukraine an estimated prevalence of 9.6% [for
the population between 20 to 79 years old] which is in great
discrepancy with the figures registered by the health system
(2.5%) but is closer to the results of local studies (8.7%).

Diabetes begins with a loss of insulin sensitivity in white
adipose tissue and skeletal muscle. Initially, the body
compensates for the decrease in insulin-mediated signaling
by enlarging the beta cells (found in the Islets of
Langerhans in the pancreas), resulting in increased insulin
release to maintain euglycemia (2). Eventually, however,
the beta cells begin to fail, leading to a loss of insulin
production. The lack of insulin results in elevated plasma
glucose concentrations, which if sustained, leads to

damage of the microvasculature of various internal organs
(e.g., kidneys and eyes) and the peripheral aspects of the
limbs, including the feet.

Current therapies for diabetes include agents that
enhance insulin sensitivity, elevators of insulin release and
inhibitors of carbohydrate absorption (3). More recently
characterized agents mimic the role (and enhance the
activity) of the incretin hormone glucagon-like peptide- 1
(GLP-1) (Box 1). Such mimetics include the
dipeptylpeptidase inhibitor sitigliptin, which prolongs the
half-life of endogenous GLP-1, and the non-hydrolyzable
GLP-1 analog exendin-4. GLP-1 is released in a glucose-
dependent manner from the L cells of the gut, enters the
circulation, evokes GLP-1 receptor-mediated release of
insulin from beta cells, inhibits glucagon release, and
reduces gastric motility (4).
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A tryptophan derivative, neurotransmitter and tissue
hormone serotonin is a biologically active substance,
characterized by a wide range of effects on the body [1-3].
Central nervous system saves about 2% of the body's
serotonin. Serotonin affects food intake, sleep, anxiety,
sexual behavior, mood, involved in the formation of pain
and also plays an important role in the regulation of
emotional behavior [4-9]. On the other side, in the
peripheral system where about 98% of the body's serotonin
is synthesized and stored, serotonin acts as a peripheral
hormone affecting vasoconstriction, intestinal motility,
primary hemostasis and is involved in the regulation of
vasoconstriction [10-15].

Serotonin (5-HT)-mediated neural networks—and the 5-
HT2C receptor (5-HT2CR) in particular—have long been
implicated in the control of food intake and energy
homeostasis. Evidence for this comes from both
pharmacological and genetic experiments. Fenfluramine, a
stimulator of serotonin release and an inhibitor of serotonin
reuptake, was marketed as a weight loss agent from 1973
until 1997 (5), when it and its more potent enantiomer
dexfenfluramine were removed from the market because of
their cardiac side effects, which were likely due to activity
at the 5-HT2BR (6). These weight loss effects are 5-
HT2CR-mediated, as is demonstrated by the reduction in
efficacy of m-chlorophenylpiperzine (mCPP) and
fenfluramine when administered to 5-HT2C knockout (KO)
mice (7, 8). Thus, highly selective 5-HT2C receptor
agonists have been extensively studied over the last
decade as a drug development target for obesity and more
recently as a possible treatment for schizophrenia. Two
compounds, lorcaserin and vabicaserin, developed for the
treatment of obesity and schizophrenia, respectively, have
entered late-stage trials and might reach the marketplace
in the next two to five years. New research by Zhou et al.
implies that these and other 5-HT2CR agonists may have
utility in the treatment of type Il diabetes (9). If true, these
findings would indicate that a distinctly neuronal
mechanism may be an effective treatment option for
regulating plasma glucose concentrations.

The first step in the synthesis of serotonin from
tryptophan is an enzyme tryptophan hydroxylase (TRH),
which is also an enzyme that limits the rate of biosynthesis.
TRH is known to have two isoforms that are identical by
about 70%. They are called TrH1 and TrH2 [16]. TrH1
mainly present in the pineal gland, thymus, spleen and
enterochromaffin cells of the gastrointestinal tract. TrH2 is
only in nerve cells, such as brain stem nuclei seam. Mice
lacking TrH1 practically did not contain serotonin in the
blood and gastrointestinal tract while maintaining normal
levels in the brain. Peripheral serotonin in mice deprived
TrH1 cannot be substituted for the central nervous system
serotonin synthesized TrH2 [17]. Moreover, as known from
the literature, serotonin does not cross the blood-brain
barrier. Serotonin wasn't found in the brains of animals
treated with serotonin (50 mg/kg, intraperitoneally) [18, 19].
Thus, there are two serotonin systems: one in the central
nervous system and one on the periphery, with
independent functions and biosynthesis pathways.

Current published data show that the increase of the
concentration of circulating serotonin lowers blood glucose
levels by inducing insulin secretion in mice [20, 21]. In
contrast, serotonin causes hyperglycemia by adrenaline

release from the adrenal glands of rats, which operates
indirectly through 5HT1A, 5HT2A or 5HT7 receptors [22-
24]. In addition, serotonin enhances the absorption of
glucose by the liver under conditions of hyperglycemia and
hyperinsulinemia [25] and stimulates the synthesis of
glycogen in nanomolar concentrations, but inhibits it at
micromolar concentrations via serotonergic mechanisms in
hepatocytes [26]. These results suggest that peripheral
serotonin plays an important role in the metabolism of
glucose. Thus, the aim of our work was to study the effect
of different doses of oral glucose on the content of
serotonin in serum of control rats.

Materials and methods. Experiments were carried out
on the white nonlinear rats of both sexes in compliance with
the standards of the Convention of Bioethics of the Council
of Europe in 1997, European Convention for the protection
of vertebrate animals that used for experimental and other
scientific purposes, the general ethical principles of animal
experiments approved by first National Congress of
Bioethics of Ukraine (September 2001) and other
international agreements and national legislation in this field.

Male Wistar rats aged 180 days and weighing 240-290 g
were used (n = 90). They were maintained under controlled
temperature conditions (22-24°C) and lighting (lights on
from 05.00 to 19.00 h). All tests were conducted under the
light cycle. Standard rat chow and water were freely
available. The experimental diabetes mellitus type 2 is
caused by disposable intraperitoneal introduction of
streptozotocin solution to 1-2 diurnal neonatal rats at the
rate of 80 mg per 1 kg of body weight (Hemmings, 2000).
The control group included rats, which were injected
intraperitoneally with 10 mM citrate buffer (pH 4.5) at the
same age, which was used for breeding streptozotocin. To
confirm the development of insulin resistance in
experimental animals the sensitivity of peripheral tissues to
insulin was determined through insulin-glucose test
(Zhang, 2003) conducted with our own modifications.
180 days after the STZ injection, blood glucose level was
measured by using a portable glucometer (Gluco-Plus Inc.,
Kiev, Ukraine) in the blood collected from tail vein. Animals
with non-fasting blood glucose (NFBG) level >7 mmol/l
were considered as diabetic.

Glucose in a dose of 2, 4 and 6 g/kg of body weight
was administered per os. Control group of rats received an
equal amount of 0,9% NaCl, which was used as a vehicle.
1 hour after the procedure serotonin was extracted from
serum using ion-exchange chromatography and was
determined by spectrophotometrical methods.

Statistical analysis was performed using statistical
analysis applications of Microsoft® Excel. To assess inter-
group differences the parametric Student test was used.
The difference between the parameters was considered
statistically significant at p<0,05.

Results and discussion.

Whereas peripheral serotonergic system is involved
mainly in the regulation cardiovascular and digestive
systems, serotonin serves as a tissue hormone on the
outskirts and involved in the regulation of blood glucose so
it was advisable to establish the content of serotonin in
blood serum of rats under conditions of experimental type
2 diabetes. The results show the increase of serotonin
content in blood serum of diabetic animals in 3.2 times
compared of the control group (Fig.1).
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Fig. 1. Serotonin level in the blood of rats of the control and experimental group

Note. *— P < 0,05 compared to the control group

It was shown morphological changes enterochromaffin
cells of the gastrointestinal tract in diabetic rats, particularly
the occurrence of large serotonin-positive cells in areas of
the mucosa, which was absent in animals of the control
group. Also known that diabetic animals have an increase
content of serotonin in the gastrointestinal tract. Shown to
increase serotonin content in enterochromaffin cells
duodenum in rats with diabetes caused by streptozotocin
administration, improve the content shown, also shown
abuse activity of type 3 serotonin receptor. So, the increase
in content of peripheral serotonin may be due to
hyperfunction of enterochromaffin cells in diabetic animals
and/or malfunction of vascular-platelet hemostasis system
level. The imbalance in the hemostatic system associated
with platelet hyperfunction, determined by pathogenetic
peculiarities of type 2 diabetes. Given that platelets are a
place of storage and transportation of peripheral serotonin
it may be the cause of its increase in serum.

These data correlate with the results which obtained in
the study of the blood of patients with diabetes. Was found
increased of serotonin content in blood plasma these
patients, and this increase is associated with platelet
hyperfunction. Serum serotonin content also increased in
patients with diabetes. Also in patients with type 2 diabetes
with high content in plasma 5-hydroxyindoleacetic acid
concentration of this metabolite positively correlated with the
release of albumin in the urine, so, it may indicate increased
susceptibility to the development of diabetic neuropathy.

As can be seen from Table 1, observed an increase of
serotonin content in blood serum of rats under conditions of
glucose to control group and in group of animals with type
2 diabetes. Serotonin content increased in 2 times in
control animals and in 1.2 times in animals with type
2 diabetes have been injected glucose (Tab.1).

Table 1. Serotonin content in control group and in group of animals with type 2 diabetes have been injected glucose

Control

Control_GlI

DM 2 DM 2_GI

Serotonin 0,123+0,0554

0,249+0,0522*

0,397+0,0467* 0,461+0,0634*

Note. *— P < 0,05 compared to the control group

Not only hyperinsulinemia is caused by serotonin, but
hyperglycemia either, without any changes in the
concentration of glycogen in the liver and skeletal muscle.
It is believed that the reason for this is inhibition of tissues
glucose capture from the blood. Researches of Hajduch
E. et al. (1999) and Moor M. et al. (2004, 2005) were show
that serotonin directly inhibits peripheral tissues glucose
capture, including hepatocytes and skeletal muscle cells.
However, in experiments Watanabe et al. (2011) showed
that serotonin has no effect on glucose uptake neither in
the liver nor in the skeletal muscles, while plasma insulin
concentrations is increased after administration of serotonin.
This indicates that hyperinsulinemia and hyperglycemia
caused by serotonin have different independent
mechanisms. These hypotheses are confirmed in
experiments using antagonists to serotonin receptors:
ketanseryn (antagonist of 5-NT2A receptor), SB-269970
(antagonist of 5-NT7 receptor) and metyserhid (5-NT1
antagonist, 5-HT 2, 5-receptor NT7) — in all cases there was
an increase of glucose in the blood plasma. This increase in
insulin levels was observed only when metyserhid was

administered. Thus, it was shown that there are two
different mechanisms of action of serotonin on glucose
metabolism: one that directly affects the secretion of insulin
by beta cells of the pancreas, and another that inhibits
glucose uptake by cells of the liver and skeletal muscle.
Serotonin in plasma may be free or bound to the 14-3-3
protein. In addition, the capture of serotonin from plasma to
platelets occurs quickly, by the mechanism of saturation
that makes platelets a fundamental regulator of serotonin
concentration in plasma. The capture of serotonin from
plasma by platelets is dependent on the serotonin
transporter (SERT) mechanism, the operation of which is
usually regarded as a transporter reuptake of
neurotransmitters in the central nervous system, but it is
also present in the plasma membrane of platelets. It was
shown that administration of serotonin affects SERT
plasma membrane density. Recently, the analysis of the
effect of extracellular serotonin at different concentrations
(0-2.5nM) on SERT expression on the platelets cell surface
was found that this phenomenon is biphasic. Specifically,
the level of platelet membrane SERT and serotonin capture
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in the initial stage increases in response to the increase of which were knockout by SERT gene (Sert — / -) an

serotonin levels, but the initial response is accompanied by increase in plasma glucose and an increase in visceral fat
a second phase — a reduction in the SERT levels to the in females. It is shown that the bond of SERT with
initial values because the concentration of serotonin vimentin, a cytoskeletal protein, increases in serotonin
continues to grow. SERT gene polymorphism is associated concentrations higher than physiological.

with depression and other mood disorders, autism, and Data on how a glucose effect on serotonin content in
anxiety which often occurs in patients with diabetes. blood serum of rats are scarce. Therefore, on the first phase
Usually the intensity of serotonin by platelets is of the experiment rats were injected with glucose per os at a
proportional to the number of transporters in the plasma doses of 2, 4 and 6 g/kg of body weight. The control group

membrane. However, it was found that the number of received the same volume of fluid (0,9% NaCl) which was
SERT in the plasma membrane is regulated by used to dissolve the glucose. The introduction of glucose at

extracellular concentration of serotonin. Platelets of rats a dose of 2 g/kg showed an increase in this indicator in
which were knockout by SERT gene contain virtually no 1.6 times, the introduction at a doses of 4 and 6 g / kg — 4.2
serotonin. Homberg J. et al. (2009) observed in animals, and 4.8 times, respectively (Fig. 2).
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Fig. 2. Glucose level in the blood of rats of the control group
after the oral administration of glucose at a dose of 2, 4 and 6 g/kg

Note. *— P < 0,05 compared to the control group

after oral administration of glucose, the content of serotonin
in the blood of experimental animals increased by 11.8, 0.5
and almost 4 times according to the dose (Fig. 3).

Serotonin levels in the rat serum were determined in 1
hour after glucose administration at a dose of 2, 4 and 6
g/kg by body weight. During the research it was found that
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Fig. 3. Serotonin level in the blood of rats of the control group
after the oral administration of glucose at a dose of 2, 4 and 6 g/kg

Note. *— P < 0,05 compared to the control group

action through the SHTR1A, 2A or 7 [11]-[13]. Additionally,
5-HT stimulates glycogen synthesis at nanomolar
concentrations but inhibits it at micromolar concentrations in

It has been reported that increasing circulating
concentrations of 5-HT induces hyperglycemia through the
release of adrenaline from the adrenal gland in rats via
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hepatocytes by serotonergic mechanisms [14], and 5-HT
enhances net hepatic glucose uptake under hyperglycemic
and hyperinsulinemic conditions [15]. On the other hand, we
have previously reported that peripheral 5-HT decreases
plasma lipid levels via action through several SHTRs in mice
[16]. These results suggest that peripheral serotonin plays
an important role in glucose and lipid metabolism.

Thus, the highest content of serotonin was observed at
the lowest concentration of administered glucose. The next

stage of our work was to study the glucose and serotonin
levels 5 hours after oral administration of glucose at a dose
of 2 g/kg. During the study it was found a gradual decrease
in blood glucose levels in rats. The decrease in blood
glucose at 3 hours was in 1.4 times and in 2 times at
5 hours after administration compared to the first hour.
Thus at 5 hours after administration of glucose at a dose of
2 g/kg content of the studied parameters fell below the
control value (Fig. 4).
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Fig. 4. Glucose level in the blood of rats of the control group in 1, 3 and 5 hours
after oral glucose administration at a dose of 2 g/kg

Note. *— P < 0,05 compared to the control group

For the next 5 hours after administration of glucose at a
dose of 2 g/kg by body weight content of serotonin in the
blood of rats remained similarly high (Fig. 5). During the study

it was found that after 3 hours after the glucose administration
the content of serotonin was in 9.2 times higher than the
control values, and after 5 hours —in 6.9 times.
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Fig. 5. Serotonin level in the blood of rats of the control group in 1, 3 and 5 hours
after oral glucose administration at a dose of 2 g/kg

Note. *— P < 0,05 compared to the control group

Thus, there are two systems of serotonin, one in the
brain, the other on the periphery. They are self-regulated
and have different functions. According to the literature, the
intraperitoneal administration of serotonin affects the
concentration of metabolites associated with glucose
metabolism in peripheral blood and liver. Disorders of
glucose metabolism in case of diabetes are accompanied
by multiple pathological changes in the structural
organization and functional activity of cells and leads to

dysregulation of processes that provide homeostasis in the
body. Therefore it was interesting to us to investigate the
effect of glucose on the content of serotonin. Our results
indicate a correlation between the concentration of glucose
and serotonin content.

Conclusion. There are two independent 5-HT systems,
one in the brain and the other in the periphery. In humans
and rodents, 5-HT regulates glucose and lipid metabolism
through several 5HTRs and the 5-HT transporter (SERT).
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5-HT is known to be associated with glucose metabolism,
mainly because of its regulation of the secretion of insulin
in pancreatic B cells. The insulin secretion induced by
glucose is inhibited by 5-HT in rat islet of Langerhans
incubations in vitro. Another report demonstrates that 5-HT
regulates insulin secretion by serotonylation of GTPase
within the pancreatic B-cells. Additionally, 5-HT directly
controls the uptake of glucose into the peripheral tissues,
including the liver and skeletal muscles. 5-HT enhances
net hepatic glucose uptake under hyperglycemic and
hyperinsulinemic conditions [15], and stimulates glycogen
synthesis at nanomolar concentrations, but inhibits it at
micromolar concentrations by serotonergic mechanisms in
hepatocytes [14]. Moreover, we previously reported that 5-
HT induced the elevation of plasma glucose and insulin
concentrations through different 5HTRs in mice, and that
hyperglycemia after the injection of 5-HT was induced by
repressing glucose uptake into the tissues [16].

The study shows that glucose has a direct positive effect
on endogenous serotonin outflow into the bloodstream. Our
previous experiments showed that the content of serotonin is
increased in the serum of rats with type 2 diabetes. Thus, a
diet with extremely high glucose content can lead to increase
of serotonin levels in serum and complications of type
2 diabetes. Furthermore, serotonin action may well offer new
drug strategies for developing therapeutic drugs for the treat-
ment of metabolic diseases such as hyperlipidemia,
hypercholesterolemia, diabetes and obesity.
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A. FOpueHko, cTya., B. KoHonenbHIOK, kaHA. Gion. Hayk, €. Toprano, kaHa. 6ion. Hayk, O. CaB4yk, A-p 6ion. Hayk

KuiBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LlleBuyeHka, Kuis

BB PISBHUX NMEPOPAJIbHNX 0O3 NMOKO3U HA BMICT CEPOTOHIHY B CUPOBATLI KPOBI LLIYPIB
lMpoeedeHo aHani3 ennusy pisHux nepopanbHux 003 2/Il0OKO3U Ha 8Micm cepomoHiHy 8 cupoeamui Kposi wypie. BcmaHoeneHo nidsuuweHHs1
eMicmy cepomoHiHy e cupoeamui Kposi wypie 3 yykpoeum diabemom ma 3a ymoeu eeedeHHs1 2/1t0ko3u. BcmaHoeneHo 3pocmanHs docnidxyea-
HO20 MoKa3HuUKa 8 cuposamui Kpogi KOHMPOJILHOI 2pynNu MeapuH 3a yMo8 88e0eHHs1 2/1l0KO3U. 3p0o6/IeHO 8UCHOBOK, WO 2/1I0KO3a Mae npsmull

noszumueHuli ennue Ha eHeo2eHHUll iOMiK cepomoHiHy 8 Kpoeomik.

Knroyoei cnoea: antoko3a, cepomoHiH, wypu, yykpoeuli diabem 2 muny.

A. FOpuyeHko, cTtya, B. KoHonenbHIOK, KaHA. 6uon. Hayk, E. Toprano, kaHa. 6uon. Hayk, A. CaBuyk, A-p 6uon. Hayk
KueBckuit HauMoHanbHbIW YHMBepcuTeT MeHn Tapaca LLleByeHko, KueB, YkpanHa

BJITIUAHUE PA3JIMYHBLIX MEPOPAJIbHbLIX O3 IMNMIOKO3bl
HA COOEPXXAHUE CEPOTOHUHA B CbIBOPOTKE KPOBU KPbIC

lMpoeeden aHanu3 enusiHusl Pa3/IuUYHbIX NepPopasibHbIX 003 2/1I0K03bl Ha codep)KaHue CepoMOoHUHa 8 CbIBOPOIMKe KPo8uU KpbIC. YCMaHo8/1eHo
noebiweHue codepxaHusi CepoImoHUHa 8 CbiI8OPOMKe Kpo8U KpbIC C caxapHbiM duabemoM u npu ycrioeuu eeedeHust 2J110K03bl. YcmaHoesieH pocm
uccredyemMo20 rokasamersisi 8 Cbi8OPOIMKe Kpo8u KOHMPOJbLHOU 2pyribl XUBOMHbLIX 8 yc/108UsIX 88edeHuUs1 2/1t0Ko3bl. CdenaH 8bI800, YmoO 2J1t0-
KO3a umeem npsiMoe MoJioxumesibHoe e/1usiHue Ha 3HA02eHHbIli OMIMOK CePOMOHUHa 8 KPO8OMOK.

Knroyeenie cnoea: 2n1roko3a, cepomoHUH, KpbIChkl, caxapHbili duabem 2 muna.



