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CHRONIC FETAL HYPERGLYCEMIA AS A PREDICTOR
OF NEUROENDOCRINE IMBALANCE DEVELOPMENT
WITH METABOLIC DISTURBANCES
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The aim of the research was to estimate the influence of fetal hyperglycemia on the neuroendocrine balance and the state
of carbohydrate and lipid metabolism in prepubertal male rats. The research was carried out in 30 male 3 months old
Wistar rats, the descendants of female rats with the experimental gestational diabetes (EGD) and 15 male Wistar rats, the
descendants of female rats with normal pregnancy. In experimental animals the state of carbohydrate metabolism (the
blood glucose concentration, glucose tolerance test) and lipid metabolism (the concentration of lipids, triglycerides and
cholesterol in the blood plasma) was estimated. The concentration of insulin, leptin and corticosterone was also deter-
mined and the heart rate variability was analyzed. In our research the presence of neuroendocrine balance disturbances
in prepubertal male rats experienced fetal hyperglycemia has been found. Hyperlipidemia, hypercholesterolemia, hypertri-
glyceridemia and elevation of leptin, insulin and corticosterone levels have been observed along with fasting euglycemia.
The shifts of the hormonal balance revealed and indices of lipid metabolism develop simultaneously with alterations of the
vegetative balance characterized by the prevalence of its sympathetic component on the background of the parasympa-
thetic part activity, which was higher than normal. It has been proven by the increase of LE/HF index by 2.4 and increase of the
HF spectral capacity of the high-frequency component testifying the activity of the parasympathetic nervous system. The latter
was increased by 28% (p<0.05) in comparison with the animals of the control group. The fact of neuroendocrine imbalance in
the male descendants of the rats with EGD can be considered as an important prognostic sign of the metabolic disturbances de-
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velopment in the prepubertal period, which manifestation can be observed in adolescence with progression to old age.

tis known that in developed

countries the pandemia of
obesity is spreading now. Accor-
ding to the hypothesis of the eco-
nomic phenotype, obesity makes
the conditions, in which peculiari-
ties of metabolism “programmed”
by the events in the early period of
development transform into me-
tabolic disturbances [6, 7, 8].

In our previous investigations
it has been found that in the de-
scendants of female rats with the
experimental gestational diabe-
tes (EGD) the marked disturban-
ces of carbohydrate and lipid meta-
bolism develop with the age. These
disturbances reach the maximal
rate in the old age and are more
expressed in male descendants [3].
The key moments, in which meta-
bolism direction was altered, were
the perinatal period and period of
puberty. The perinatal period is
considered to be the stage of pro-
gramming and the period of pu-
berty is characterized by the im-

plemetation of the “metabolic al-
terations programme”. However,
it can be assumed that the predic-
tors of these disturbances should
manifest as early as in the period
of prepuberty, and their identifi-
cation will allow to make early pro-
gnosis and diagnosis of diseases,
which pathogenesis is based on
metabolic disturbances.

The aim of this research was
to estimate the influence of fetal
hyperglycemia on the neuroendo-
crine balance and the state of car-
bohydrate and lipid metabolism
in prepubertal male rats.

Materials and Methods

The present research was car-
ried outin 30 male Wistar rats, the
descendants of female rats with
EGD [1, 3] in the age of 3 months
corresponding to the human pe-
riod of prepuberty. The control
group included 15 male Wistar
rats, the descendants of female
rats with normal pregnancy. The
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animals were on the standard ra-
tion with free access to food and
water. In the end of the experi-
ment rats were decapitated un-
der ethaminal (40 mg/kg, intra-
peritoneally).

In experimental groups the
weight of the animal was taken
into account, the state of carbo-
hydrate metabolism (the concen-
tration of glucose was determined
by the glucose oxidase method, the
glucose tolerance test was carried
out) and lipid metabolism (the con-
tent of lipids, triglycerides and cho-
lesterol in the blood plasma was
determined with the standard tests
systems) was estimated. The con-
centration of insulin, leptin and cor-
ticosterone was also determined
using commercial kits (for deter-
mination of insulin - DRG, USA, cat.
No. 104-2935D, leptin - DRG, USA,
cat. No. 104-2395D, corticostero-
ne - DRG, USA, cat. No. 1124164D).
The process of the substance de-
termination corresponded strict-
ly to the directions of the kit ma-
nufacturer. The measurement of
results was performed on a Digi-
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Table 1
The weight of animals, indices of carbohydrate and lipid metabolism,
hormones concentrations in experimental rats (M+m)
Experimental group, . Glucose 'Trlglyce- Total Leptin conc, | Insulin conc, Corticoste-
age, number of | Weight, g conc. mM/L rides conc., | cholesterol na/mi U /ml rone conc.,
animals N mM/L conc., mM/L 9 H ng/mi
Control males 137.5+ 4.95+ 1.65+ 501+ 2.62+ 6.35+ 2.94+
3 months, n=15 5.8 0.11 0.05 0.14 0.08 0.22 0.15
f'i‘:;‘a:f:?aatzt\j”‘t’; EGD,| 2784+ 497+ 24+ 7.42+ 5.66+ 931+ 437+
! 4.6* 0.12 0.07* 0.46* 0.16* 0.39*% 0.32*
3 months, n=30
Note: * - reliable (pst<0.05) differences compared to the control group of male rats.
Scan-400 microplate photometer Table 2

(serial No. 70384).

For analysis of the heart rate
variability (HRV) [4, 5] the fre-
quency analysis was conducted to
identify the maximal general ca-
pacity of the spectrum (S2/Hz),
spectral capacity of high frequen-
cy, (HF), low frequency, (LF) and
very low frequency, (VLF) com-
ponents (the frequency range of
0.15-0.35 Hz, 0.05-0.15 Hz and
0.004-0.05 Hz, respectively), and
LF/HF ratio (index).

The experimental data obta-
ined was processed with Student’s
parametric statistics. The diffe-
rences in the compared groups
were considered to be reliable when
pst<0.05 [2].

Results and Discussion

In the process of our research
the influence of chronic hypergly-
cemia on fetus was achieved with
the EGD model. It was found that
even in the prepubertal period the
weight of 3-month-old experimen-
tal male rats was twice more than
in the control group of animals.
At the same time the glucose con-
centration was in the normal ran-
ge, the pattern of glucose curve
was normal in the glucose toleran-
ce test. The analysis of lipid me-
tabolism indices and hormones
concentrations revealed their sig-
nificant alterations: hyperlipide-
mia, hypercholesterolemia and hy-
pertriglyceridemia were identified.
Concentrations of the hormones
studied reliably exceeded the re-
sults obtained in the control group

Indices of frequency analysis of the heart rate variability
in experimental rats (M+m)

Experimental group, HF LF VLF
age, number of spectral spectral spectral | LF/HF ratio
animals capacity capacity capacity
Control males 0.14£0.05 | 029+0.1 | 3.1%1.1 2+0.16
3 months, n=15
Descendants of
female rats with EGD, | 0.18+0.07* | 0.33+£0.07* | 5.9+2.1 2.4+0.07*
3 months, n=15

Note: * - reliable (pst<0.05) differences compared to the control group of male rats.

of animals: the leptin concentra-
tion had twice increase, the in-
sulin concentration increased by
46% (p<0.05), the corticosterone
concentration increased by 49%
(p<0.05) (Table 1).

It should be mentioned that
alterations of the hormonal sta-
tus and lipid metabolism indices
described above developed simul-
taneously with the substantial dis-
turbances of the vegetative balan-
ce. Thus, in the descendants of fe-
male rats with EGD the prevalen-
ce of the sympathetic activity along
with the high activity of the pa-
rasympathetic part was identified.
This is evident from the increase
of LF/HF index to 2.4, which re-
flects the prevalence of the sym-
pathetic activity [4, 5], as well as
the increase of the spectral capa-
city of HF, which reflects the ac-
tivity of the parasympathetic ner-
vous system. The latter was in-
creased by 28% (p<0.05) compa-
red to the animals in the control
group (Table 2).

CONCLUSIONS

Thus, in our research the pre-
sence of neuroendocrine balance
disturbances in prepubertal male
rats experienced fetal hyperglyce-
mia has been proven. Hyperlipi-
demia, hypercholesterolemia, hy-
pertriglyceridemia and elevation
of leptin, insulin and corticosterone
levels have been observed along
with fasting euglycemia. The shifts
of the hormonal balance revealed
and indices of lipid metabolism
develop simultaneously with alte-
rations of the vegetative balance
characterized by the prevalence
of its sympathetic component on
the background of the parasym-
pathetic part activity.

The fact of neuroendocrine im-
balance in the male descendants
of the rats with EGD can be con-
sidered as an important progno-
stic sign of the metabolic distur-
bances development in the pre-
pubertal period, which manifes-
tation can be observed in adoles-
cence with progression to old age.
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XPOHIYHA I'IEPIVIIKEMIA IVIOAA K IPEAUKTOP ®OPMYBAHHA HEMPOEHOKPUHHOIO JUCBAJIAHCY
3 METABOJIIYHUMH INOPYIIEHHAMH

[0.M.KoaecHuk, O.B.I'aHuega, 10.1.Bapodeesa, 0.B.MeavHukosa, 0.B.Mopo3oea
3anopizvkuii depicasHuii MeduuHuil yHigsepcumem

Karouosi cnosa: HelipoeHOKpUHHUT 6a1aHC; 8y21e800HULl MA HcUPoBUll 0OMIH; MemaboAiYHi NOPYyWEeHHS;
eKcnepumeHmanvHull cecmayiiiHuli diabem

Memoto po6omu 6y/10 BCMAHOBIEHHS 8NAUBY BHYMPIWHLOYMPO6HOI 2inepaiikemii Ha HelipoeHOOKpUHHUL 6a1aHC ma
CMaH 8y2/1e800H020 i HUP0OB020 06MIHIE y camyis wypie npenybepmamHozo 8iky. JlocaidxceHHs 6ys10 npogedeHo Ha 30
3-micsauHux wypax-camysix AiHii Bicmap, Hawadkie camuysb 3 ekcnepumMeHmaabHuM 2ecmayitinum diabemom, ma 15 Ha-
wWadkie camok 3 HOPMAbHO 8A2IMHICMIO, Y IKUX OYIHI08AAU CMAH 8Y2/1e800H020 (KOHYeHmpayis 2/110Ko3u, nposodus-
€51 mecm moJiepaHmMHocmi 00 2110K03U) ma Hcuposozo (KoHyeHmpayis ainidis, mpuaaiyepudis i xonecmepuHy) o6MiHis,
8U3HAYAIU PIBHI 20pMOHI8 THCY/IHY, 1ENMUHY, KOPMUKOCMePOHY, Np0o8odu1u aHai3 eapiabesbHOCmMI cepyegozo pumamy.
IIpu nposedeHHi docaidxiceHHS 6Y/10 8CMAHOB/1EHO, WO Y caMyis wypis, Ki nepeHecu BHympiwHb0ympo6bHy zinepaiike-
Mito, 82ice 8 npenybepmamHoMy nepiodi cnocmepizanucs nopyuleHHs HelipoeH0OKpUHHo20 6aaaHcy. Ilpu ybomy y HUX Ha
mui eyesikemii Hamwecepye g8id3Hauaaucs zinepainidemis, 2inepmpuaaiyepudemis, einepxosecmepuHemisi 3i 36i1buieH-
HSIM pi8HS1 AIeNMUHY, IHCY/AIHY ma KopmukocmepoHy. Busig/1eHi 3pyuweHHs 20pMOHA/AbHO20 6AAAHCY | NOKA3HUKI8 HCUPO-
8020 06MIHY p038UBaAUCSI 00HOYACHO 31 3MIHAMU 8e2emamueH020 6a1aHCY, IKUll Xapakmepu3yeaecs NepesancaHHIM
lio20 cumMnamu4Ho20 kKoMnoHeHma Ha oHi 8UCOKOI akmusHocmi napacumnamuyHozo 8iddiny. [Ipo ye ceiduuo 36i1b-
weHHs iHdekcy LF/HF do 2,4 i cnekmpaibHOi nomysjcHOCmi 8UCOKOYACMomH020 KOMNOHeHmMa, wo ceiduums npo akmuse-
Hicmb napacumnamu4Hoi Hepsogoi cucmemu, sika Ha 28% (p<0,05) 6yaa suworo, Hixe y KOHMPOALHUX MeapuH. Bcma-
HosJ1eHUll hakm icHy8aHHS HelipoeHOOKPUHHO20 JUCOaAaHcy Y HaWaoKie camMokK 3 eKcnepuMeHmaabHuUM eecmayitiHum
diabemom MoxCHA po32190amu K 8aHCAUBUU NPOZHOCMUYHUL NOKA3HUK (POPMYBAHHS MemaboAiYHUX NOPYUueHb We 8
npeny6epmamHomy nepiodi, maHipecmayito AKUX MOx*CHA 6yde cnocmepizamu 8ice nicas nepiody cmamegozo 0o3pieaH-
HS1 3 NpO2Pecy8aHHAM 8Us18A€HUX 3MiH A0 cmapocmi.

XPOHUYECKAS FMIEPIJIMKEMUA IIJIOJA KAK IPEAUKTOP ®OPMHUPOBAHUA HEIMPO3HIOKPUHHOIO
JUCBAJIAHCA C METABOJIMMECKUMH HAPYIIEHUAAMHA

[0.M.KonecHuk, O.B.I'anuega, 10.H.Bapodeesa, 0.B.MeavHukosa, 0.B.Mopo3oea
3anopocckull 2ocydapcmeeHHblll MedUYUHCKULL yHUBepcumem

Karouesble cno8a: HeliposHOOKpUHHbBLI 6a1aHC; y2/1e800HbLI U HUpo8oll 06MeH; Memaboaudeckue HapyueHus;
KCnepuMeHManbHblil 2ecmayuoHHbIl duabem

Lenvro pabomul 6b110 ycmaHo8/AeHUE 8AUSTHUSI BHYMPUYMPOOHOU 2unepaaukeMuu Ha HellpoIHOOKPUHHbIL 6a1aHC U co-
cMosiHue y2/1e800H020 U HUPOBO20 OOMEHO8 Y CAMU08 KpbIC npenybepmamHozo 8ospacma. HccaedosaHue 6bl10 npose-
deHo Ha 30 3-x MecsiYHbIX Kpblcax-camMyax AuHUU Bucmap, nomomkax camok ¢ 3I/], u 15 nomomkax camok ¢ HOpMA/AbHO
npomekatoujell 6epeMeHHOCMbI, ¥ KOMOPbIX OYeHUBAAU COCMOSIHUE y2/1e800H020 (KOHYeHMpayust 2/10K03bl, NPOGO-
duscs mecm mo/iepaHMHOCMU K 2/110K03€) U H#cup0o8ozo (KOHyeHmpayus aunudos, mpuaauyepudos u xo1ecmepuHa)
06MeH08, onpedeasiau KOHYeHmpayu UHCYAUHA, 1IeNMUHA, KOpMUKOCMepoHa, nposodu/icsl aHaAu3 eapuabessHocmu
cepdeuHozo pumma. [Ipu npogedeHuu ucc1e0o8aHusl 6bl10 YCMAHOBAEHO, YMO Y CAMYO08 KPbiC, NepeHecuux 8Hympu-
YMpoGHYI0 2unepaauKeMulo, yice 8 npenybepmamHoM nepuode Ha6.1100aUCy HApyUleHUs1 Helip03HOOKPUHHO20 6a1aHCa.
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IIpu 3moMm y HUX Ha hOHe 3y2AuKeMUU HamowaK omme4aaucs 2unepaunudemusi, 2unepmpuaauyepudemusi, 2unepxo.e-
cmepuHeMusl ¢ ygeaudeHueM YpO8HS 1enMuHd, UHCYAUHA U KOPMUKOCMepoHd. BeisisneHHble cdguzu 20pMOHA1bHO20
6asaHca u nokazameaetl Hupogo2o 06MeHa passueaIucs 00HOBpeMeHHO C U3MEHEeHUAMU 8e2emamusHo20 6a1aHca,
Komopblll Xapakmepu3o8a.ics npeob6aadaHueM e2o CUMNAMUYecKko20 KOMNOHeHMa Ha poHe 8bICOKOU aKmugHoCmu
napacumnamuyeckozo omdesaa. 06 amom cgudemenbcmaosaso yeeaudeHue undekca LF/HF do 2,4 u cnekmpaibHoll
MOWHOCMU 8bICOKOYACMOMHO20 KOMNOHeHMa, caudemebcmaytowell 06 akmugHOCmMu napacumMnamuyeckKol HepeHotl
cucmemvl, komopas Ha 28% (p<0,05) 6bl1a 8blule, YeM y KOHMPOAbHBIX HUBOMHbIX. YemaHose1eHH bl hakm cyuecmeo-
8aHUS1 HelIpO3IHJOKPUHHO20 dUc6ananHcay Nomomkos camok ¢ 31 /] MosxcHo paccmampusams Kak 8adicHbLU npo2HoCmuye-
cKull nokasamesb opMUpyrOWuXcsl Memaboauveckux HapyuweHuil ewe 8 npenybepmamHom nepuode, MaHugpecmayuro
KOMOopbIX MOXCHO 6ydem Ha6.1100amb yxice nocae nepuodd nos108020 CO3Pe8aHUs C NPO2Peccupo8aHUeM Bbls18AEHHBIX
usMeHeHull K cmapocmu.



