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The main scientific purposes of physiolo-
gists and pathophysiologists investigations dur-
ing many years are particularities of the indi-
vidual organism developing and mechanisms
of pathologies forming in mammalians inclu-
ding men. The list of diseases associated with
the disturbances of the ontogenetic programs
is constantly growing. Congenital disorders
caused by teratogenic, embryotoxic, fetotoxic
and stress factors during pregnancy represent
the largest part of mentioned above diseases
[1]. The integrative mechanisms controlled fe-
tal developing, include mother, fetus and pla-
centa, when different stress factors initiate
compensatory adaptive response [2]. On the one
hand, fetoplacental insufficiency (FPI) is wide-
spread clinic syndrome caused by uncompen-

sated morphological and functional placental
changes, accompanies with the disturbances
of uterus-placental blood circulation and, re-
spectively, with trophic fails, distress and fetus
hypoxia, that are manifested in fetus growing
and developing modifications [3-5]. The reasons
of FPI developing may be endogenous in rela-
tion to placenta (for example, disturbances of
placenta forming due to hormonal fluctuations
or extragenital pathologies) or extraneous (pre-
eclampsia, cardio-vascular disease etc). On the
other hand, the uterus blood vessels may be
immature (in comparatively young mothers) or
have secondary involution (in mature mothers).
Independently of trigger factors, the therapy of
FPI consists of vasoactive, tokolytic, metabolic
(vitamins), antioxidants, membranostabilizers
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and medicines that influence on blood rheologi-
cal properties [4].

Now, molecular and genetic mechanisms of
feto-metabolic programming under influence
of unfavorable fetal surrounding are actively
investigated. The searching of new remedies
for prophylaxis and treatment of these nega-
tive changes is carried out. The hypothesis of
fetal programming was for the first time pub-
lished in 1998 in D.J. Baker scientific works
[6]. Later, the epigenetic programming of gam-
etes, embryonic cells and tissues and stem cells
developing during critical «window» (sensitive
period) of ontogenesis was linked to phenom-
enon mentioned above. During this sensitive
period, adverse impact on mother’s organism
causes disturbances of pregnancy, regulates fe-
tal growing and leads to disease developing in
later life [7, 8]. Epigenetic modifications, which
represent an inheritance of gene expression
without changes in sequence of DNA nucleo-
tides, may be relatively stable during cells pro-
liferation and, therefore, may persist over time.
The base elements of epigenetic changes are

patterns of DNA methylation, histones modifi-
cations (acetylation, methylation, phosphorila-
tion, ubiquitylation etc.), genome imprinting,
chromatin and non coding RNA remodeling.

According to the current ideas, the increas-
ing of lipid peroxidation (LP) is important
pathogenetic part of any stress influence, the
cause of membranes structure and functioning
disturbances including mitochondrial mem-
branes. LP activates some stress-reacting sig-
naling pathways, which is the base of future
diseases development [9, 10]. However, there
are some controversial experimental data about
fetal oxidative stress influence on forming sex-
depending predisposition for developing some
chronic pathologies with age, such as obesity,
metabolic syndrome, endothelian dysfunction
and cardio-vascular disease [11, 12]. Therefore,
the aim of this scientific work was to determine
the influence of the experimental fetoplacental
insufficiency on the both sex offspring oxida-
tive status during puberty and to estimate the
efficiency of base and complex therapy during
pregnancy.

MATERIALS AND METHODS

Experiment has been carried out in Vistar
rats. Experimental animals have been kept in
standard conditions of vivarium, under natural
sources of light, standard feeding and water
regime ad libitum. The investigation has been
carried out according to the National «General
Principles for Animal Research Ethics» (Uk-
raine, 2001) [13], which corresponds to the
«European Convention for the Protection of
Vertebrate Animals used for Experimental and
Other Scientific Purposes» (Strasburg, 1985)
[13].

The healthy, Vistar mature rat’s females of
young (3—4 months) and mature (8—10 months)
reproductive age with normal four-to five days
estrus cycles have been used for both sex off-
spring obtaining. The presence of the sperm
cells in morning vaginal swabs has been consi-
dered to be the first day of pregnancy. 8 groups for
7 pregnant females in each have been formed:

1. Groups I and II — intact animals of

young and mature reproductive age;

2. Group III and IV — females with experi-

mental FPI of young and mature repro-
ductive age accordingly;

3. Groups V and VI — young and mature
animals with experimental FPI treated
by pharmaceutical composition which
contains nontoxic active pharmaceutical
ingredients of FPI basic therapeutic gro-
up — amino acid (L-arginine), dicarbo-
nic acid (succinic acid), vitamins (folic
acid) and vasoactive drug (dipyridamole).
Experimental animals have received treat-
ment from 11 to 19 day of pregnancy.

4. Groups VII and VIII — young and ma-
ture animals with experimental FPI
treated by drug of comparison — dipy-
ridamole.

The modeling of FPI has been carried out
by daily subcutaneous introduction of 50% tet-
rachlormethane oil solution in dose of 2 ml/kg
of body weight from 12 to 18 day of pregnancy.
Animals — offspring have been killed on the
50%" day of life (puberty period) by quick de-
capitation without general anesthesia to avoid
negative effects on sex hormones level and anti-
oxidant enzymes systems [14].

The primary LP products — conjugated di-
ens [15] end secondary lipid peroxidation pro-
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duct — malondialdehyde [16] have been de-
termined using spectrophotometric analysis.
Catalase activity (EC 1.11.16) in liver homog-
enates has been evaluated using reaction with
molybdenum salts [17]; Superoxide Dismutase
(SOD) activity (SOD, (EC 1.15.1.11)) — wus-
ing nitroblu tetrazolium test reaction [18];
Glutathione Peroxidase (GPx, (EC 1.11.1.69) —
has been determined by Glutathione Reductase
reaction test [19] and quantities of recovered
Glutathione has been evaluated by test with
Ellman’s reagent [20]. The determination of
protein in samples has been carried out by
Lowry C.H. et al. method in Miller G. L. modi-
fication.

Statistical analysis has been fulfilled by
variable statistical methods using standard

programs Biostat and Statistica (Stat Soft.
Inc., USA). Determination of the characteris-
tic’s distribution in samples has been carried
out using Shapiro-Wilk criterion; equality of
dispersion’s distribution of characteristics in
groups — by Leven criterion. The compari-
son both groups with normal distribution has
been carried out using standard parametric
Student’s t-criterion for independent samples.
The nonparametric Mann-Whitney U test has
been used for both groups when distributions
are not equal; Newman-Keuls method — for
multiple comparison procedure. Data given are
arithmetic mean, standard error of the mean
and the median. The divergence of characteris-
tics has been considered to be statistically sig-
nificant when p <0.05.

RESULTS AND THEIR DISCUSSION

Data obtained confirm, that FPI induced in
second period of pregnancy, caused antioxidant
enzymes disturbances in offspring-rats during
puberty (table 1, 2), which realized in serum
primary and secondary lipid peroxidation prod-
ucts’ changes (table 3).

It has been pointed out, that males — off-
spring born to mature mothers have demon-
strated increased level of Catalase activity in

puberty period, than males-offspring born to
young mothers (see table 3). It has been sup-
ported by significant decreasing of testoste-
rone levels (median was 3.90 nmol/l apart
23.80 nmol/l, accordantly, p < 0.05, that may
confirm substantial initial differences of pla-
centa functioning under the conditions of dif-
ferent reproductive age with influence on the
base enzymes of synthesis and/or metabolism

Table 1
Liver Catalase and Superoxide Dismutase activities
in intact and experimental rats
Catalase, Superoxide Dismutase,
Grou’;), U/mg of protein U/mg of protein
n-=
male female male female
I 20.84 + 1.70 33.71 £ 4.33 68.66 = 7.36 64.59 £ 5.93
29.90+1.14
11 P <0.01 35.24 +2.96 71.97 +5.27 76.82 + 5.48
28.04+1.85
111 P, <0.05 29.85 + 3.65 85.53 £9.37 61.98 + 6.68
22.56 +£ 2.57 58.76 + 4.86
v P . <0.05 27.56 + 2.84 64.26 + 6.96 P, <0.05
88.29 + 6.32
\% 24.98 + 1.12 28.04 £ 1.45 0.05 < PI-V< 0.1 63.47 +£2.91
83.67 £ 6.45
VI 26.49 + 2.76 29.75 + 3.69 0.05<P,,, <0.1 65.68 £ 2.59
VII 23.67+£1.55 27.25+2.25 84.57 +7.45 62.91 + 3.01
26.32+1.88 61.31 + 3.68
VIII 26.51 +1.34 79.45 £ 5.82
PH-VIII< 005 PII-VIII< 005
Notes.
Statistically significant differences, p < 0.05.
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of sex hormones [1, 3]. In addition, FPI caused
Catalase activity increasing in males-offspring
born to young mothers, while males-offspring
born to mature mothers have demonstrated

significant decreasing of the same activity.
The same thing has been observed next to GPx
activity decreasing and coincide with reduced
Glutathione levels decreasing (see table 2).

Table 2
Glutathione Peroxidase activity and recovered Glutathione liver level
in intact and experimental offspring
Glutathione Peroxidase, Recovered Glutathione,
Gr 0“;” nmol/mg of protein mkmol/mg of protein
n=
male female male female
| 13.47 +0.97 9.83+0.50 21.08 £ 1.61 21.02 +2.12
11 14.08 £ 1.07 10.45 £ 0.78 18.59 £ 0.82 25.568 + 2.89
12.90 £ 1.37 14.23 £1.38
111 11.49 = 0.50 10.86 £ 0.50 P, <0.01 P, <0.05
10.47 £ 0.70 10.59 £ 0.97 16.03 = 1.06
v P,,<0.05 12.65+0.75 P, <0,001 P, <005
16.57 £ 0.63
v 12.09 + 1.14 1232 015 P <0.05; 18.30 + 1.17
s P,.,<0.05
15.35+ 0.89
VI 12.94 + 0.66 11.94 + 1.15 P, <0.05; LS
P, <0.01 v S
14.86 £ 0.74
VII 11.75 + 0.58 11.81 = 0.57 P <0.05 18.27+ 1.85
12.75 + 1.22 15.58 £ 1.33 16.81 +£0.33
VIII 12.01 £ 1.27
PII-VIII< 005 PIV-VIII < 002 PII-VIH < 002
Notes.
Statistically significant differences, p < 0.05.
Table 3
Serum Lipid Peroxidation products in intact
and experimental offspring
Group, Conjugated diens, mmol/l Malondialdehyde, mmol/l
n=17 male female male female
I 0.175+ 0.012 0.145+0.013 0.96 = 0.09 0.79 £ 0.06
11 0.195 + 0.009 0.118 £ 0.006 1.08 £ 0.04 0.73 +0.06
11 0.259 +0.021 0.228 £0.014 1.45+0.11 1.13 £ 0.05
P, <0.01 P, <001 P, <0.01 P,,,<0.01
0.198 £ 0.011 1.568 £0.14 1.17+0.07
v 0.218 +0.014 P, <0.001 P . <0.01 P, . <0.002
v 0.197 £ 0013 0.173 £ 0.015 1.05+0.07 0.99+0.05
P,.,<0.05 P,.,<0.05 P, <0.02 P, <0.05
0.204 £ 0.009 1.14 £ 0.05 1.05+0.04
Vi 0.204+0.012 P, .<0.001 P <0.02 P, <0.01
0.226 £ 0.016 0.199 £ 0.016 1.10 £ 0.08
Vil P . <0.05 P,.<0.05 1.17+0.08 P <0.02
0.206 = 0.011 1.11 £ 0.06
VIII 0.206 + 0.014 1.25+£0.10
PII-VHI < 0001 PH-VIII< 001
Notes.

Statistically significant differences, p < 0.05.
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It should be noted, that Glutathione content
has decreased in both offspring groups under
the influence of FPI. According to the recent
trends, compensatory enzymes activation in
offspring undergone different stress factors
during pregnancy is linked to epigenetic ac-
tivating of stress-reacting pathways that fur-
ther may lead to the resources exhaustion and
chronic inflammatory disease development
[7, 8]. On the other hand, the inhibition protect-
ing systems components or different metabolic
enzymes are often linked to protein molecules
modifying during ontogenesis [9, 10]. Liver
Catalase activity in females-offspring was rela-
tively constant, while SOD activity decreasing
has been detected in offspring born to mature
mothers with FPI (see table 1).

Combined therapy has mostly normalized
antioxidant system’s indices, but not complete-

ly, that has been confirmed by serum LP prod-
ucts levels which have not reached values of
intact animals (see table 3).

Therefore, it should be concluded, that FPI
cause significant changes of base elements of
the antioxidant defense in both sex offspring,
but mostly in males-offspring.

Taking into consideration, that using va-
sodilator medicine separately, as well as in
combination with additional components, has
reliably recovered evaluated indices, these
metabolic disorders may be primary linked to
chronic fetus hypoxia.

Besides, the most significant changes have
been observed in both sex offspring born to ma-
ture mothers that may be explained by influ-
ence of placental involution which causes tro-
phic disorders.

CONCLUSIONS

1. FPI in second period of pregnancy cause
changes of antioxidant enzymes system’s
activity in both sex rats-offspring, but
mostly in females-offspring during puberty.
Antioxidant enzymes system’s changes man-
ifest as increasing levels of primary and sec-
ondary lipid peroxidation products.

2. The most significant disturbances have been
observed in both sex offspring born to ma-
ture mothers that may be explained by pla-
cental involution.

3. Combined therapy has normalized off-
spring’s oxidative status more effective than
vasodilator as monotherapy.
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Busmavuiau Buiue excnepruMeHTaIbHOL eTOIIAIeHTAPHOI HEIOCTATHOCTI Y Iy P1B MOJIOIOr0 Ta 3PLJIOT0
PernpoaIyKTUBHOIO Biky Ha (hOpMyBaHHSA OKCUIATUBHOI'O CTATYCY HAIAKIB 000X cTaTell B meploJ mybeprary
Ta oLlHUIU edeKTH 6a30BOI Ta KOMILJIEKCHOI MeIMKAaMEeHTO3Hol Tepaiii mix vac BaritHocTi. Busasiaeno, mo
deroralieHTapHa HEAOCTATHICTD Y APYTill IIOJIOBUHI BATITHOCTI IIPU3BOIUTE 10 (DOPMYBAHHSA y HAIAIKIB
000x crareii, ajie O1JIBIIOI MIPOK y HAIIAIKIB-CAMIIIB, B IIepioJ Iy0epTaTy 3MIHEHOr0 IaTepHa aKTUBHOCTL
depMeHTIB aHTHOKCHUJAHTHOI CUCTEMH, III0 Peasi3yeThCcsa y 3POCTAHHI PIBHIB AK MEPBUHHUX, TAK 1 KIHIIEBUX
MPOAYKTIB JIITIOMEPOKCUAAIIIT 1 MOKe OyTH HiATPYHTSAM JIJIs1 PO3SBUTKY y MOJAJIBIIOMY XPOHIYHUX 3aXBOPIO-
BaHb. BlablI BupasHi mOpyIlIeHHs CIOCTepirajaucs y HalllaJKiB MaTepiB 3p1ljoro penpoayKTUBHOIO BiKY, 110
Moske O0yTu 00yMOBJIEHO JOJATKOBUM BIIJIMBOM 1HBOJIIOTUBHUX IIPOIECIB ¥ IJIAIIEHTI. 3aCTOCYBAHHS CYIUHO-
PO3MIMPIOBAJILHOTO IIPErnapaTy OKpeMo Ta, O1IbIn e(PeKTHBHO, Y KOMOIHAI], CTATUCTUYHO 3HAYYIIE BIJHOB-
JIIOBAJIO JOCJI1IKeH] IOKa3HUKH.

KiawuoBi cimoBa: deronnameHTapaa HeJOCTATHICTD, HAAIKY, OKCUIATUBHUNI CTATYC, TEPAIIis.
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Omnpenesuian BAUSHAE 9KCIIEPUMEHTAJIBHON (PeTOmIalleHTapHON HeJ0CTATOYHOCTH Y KPBIC MOJIOIOTO
Y 3PeJIoro PerpoayKTHBHOIO Bo3pacTa Ha (POPMHUPOBAHNE OKCHIATHBHOIO CTATyCa IIOTOMKOB 000€ro IIoJia
B Iepuoi mybeprara W OHeHHUJIH o(pdeKThl 0a30BOM M KOMIIJIEKCHON MeIUKaMEHTO3HON Tepaluu BO BPeMs
OepeMeHHOCTH. BeIABIIEHO, UTO (heTomIaeHTapHas HeJ0CTATOYHOCTh BO BTOPOM IIOJIOBUHE 0epeMeHHOCTH
MIPUBOJUT K (DOPMHUPOBAHUIO y IIOTOMKOB 000€r0 110J1a, Ho B 0OJIBIIEH CTEeIIeH! Y IIOTOMKOB-CAMIIOB, B IIEPUOT,
nybeprara M3MEHEHHOI'0 IaTTepHa aKTUBHOCTH (PepPMEHTOB AHTHOKCHIAHTHOMN CHCTEMBI, YTO Peaiu3yeTcs
B POCTE yPOBHEHN KaK MEePBUYHLIX, TAK M KOHEUHEIX IPOJYKTOB JIMIOIEPOKCALAIINN U MOKET OBITH OCHOBOM
I Pa3BUTHUA B JaJbHENIIeM XpOHUUECKUX 3aboeBanuil. Bojee BrIpaskeHHBIE HAPYIIEHU HAOIOAAINCH
y IIOTOMKOB MaTepeld 3peJioro pPernpoayKTUBHOT0 BO3PACTA, YTO MOKET OBITH 00yCJIOBJIEHO JIOMIOJIHATEIbHBIM
BJIMSHUEM HHBOJIIOTHBHBIX IPOLECCOB B IIaleHTe. IlpuMeHeHMe coCyqopacIInpsaIoniero mperapara B OT-
IeJIbHOCTH U, Oosiee oppeKTUBHO B KOMOMHAIIMH, CTATUCTUYECKN 3HAYKMMO BOCCTAHABJIMBAJIO U3yUYeHHBIE
IOKAa3aTeJsIH.

Knmouesbie cinoBa: eromranesrapHas HeJOCTATOYHOCTD, IIOTOMKH, OKCUIATUBHBIN CTATYC, TEPATIUI.
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The aim of this scientific work was to determine the influence of the experimental fetoplacental insufficien-
cy on the both sex offspring oxidative status during puberty and to estimate the efficiency of base and complex
therapy during pregnancy.

Materials. The healthy, Vistar mature rat’s females of young (3—4 months) and mature (8—10 months)
reproductive age have been used for both sex offspring obtaining. 8 groups for 7 pregnant females in each
have been formed: Groups I and IT — intact animals of young and mature reproductive age; Group IIT and
IV — females with experimental Fetoplacental insufficiency (FPI) of young and mature reproductive age ac-
cordingly; Groups V and VI — young and mature animals with experimental FPI treated by pharmaceutical
composition which contains nontoxic active pharmaceutical ingredients of FPI basic therapeutic group — amino
acid (L-arginine), dicarbonic acid (succinic acid), vitamins (folic acid) and vasoactive drug (dipyridamole).
Experimental animals have received treatment from 11 to 19 day of pregnancy. Groups VII and VIII — young
and mature animals with experimental FPI treated by drug of comparison — dipyridamole. The modeling of
FPI has been carried out by daily subcutaneous introduction of 50 % tetrachlormethane oil solution in dose of
2 ml/kg of body weight from 12 to 18 day of pregnancy. Animals — offspring have been killed on the 50* day of
life (puberty period) by quick decapitation without general anesthesia to avoid negative effects on sex hormones
level and antioxidant enzymes systems.

Results. The effect of experimental fetoplacental insufficiency in rats of young and mature reproductive
age on the oxidative status formation in offspring of both sexes during puberty was determined and the effects
of basic and complex therapy during pregnancy were evaluated. It was revealed that fetoplacental insufficiency
in the second half of pregnancy leads to the formation in offspring of both sexes, but more pronounced in male
offspring, during the puberty, an altered pattern of the antioxidant system enzymatic activity, which is realized
in increased levels of both primary and final products of lipoperoxidation and may be the basis for further de-
velopment of chronic diseases. More pronounced disorders were observed in the offspring of mothers of mature
reproductive age, which may be due to the additional influence of involutive processes in the placenta. The use
of a vasodilator drug alone and, more effectively in combination, significantly restored the studied parameters.

Keywords: fetoplacental insufficiency, offspring, oxidative status, therapy.
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