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Aim. To study age-related changes in the bodyweight, internal organs, and immunophysiological indices of blood for
male F, rats, affected by different doses of nanogermanium citrate. Methods. Physiological, immunological, clinical,
colorimetric, and statistical methods were applied; automatic veterinary analyzer Orphee Mythic 18 Vet (Germany)
was used to determine hematological indices. Results. The decade-wise dynamics of changes in the bodyweight, the
weight of heart, liver, kidneys, testicles, lungs, spleen, and weight coefficients of these organs at the age of 2-3 and
4-5 months demonstrated that there were intergroup dose-dependent and age-related differences in the intensity of
growth and development of the organism of male rats. The highest gain of bodyweight was registered for male rates,
which received 10 pg Ge/kg of bodyweight 30 days after weaning, this tendency was kept for the lower level of these
indices in groups III and IV at the effect of 20 and 200 pg Ge. On days 97, 107, and 117, males of group II and IV
demonstrated non-reliably lower indices of bodyweight, whereas in group III their values did not differ much from
those for the control. Reliably higher indices of weight of liver and spleen were demonstrated along with their weight
coefficients for younger males, but they were lower at the age of 4-5 months compared to the control. The blood of
2-3 m.o. group II males had reliably lower content of hemoglobin and hematocrit index as well as the tendency to
the decrease in the number of erythrocytes. At the age of 4-5 months, there was an evident decrease in the number of
leukocytes and their forms — lymphocytes, monocytes, and granulocytes, which was more expressed in the blood of
group II and IV males compared to the control. At the impact of nanogermanium citrate (NGeC), the blood of males
of experimental groups of both age periods demonstrated higher content of immunoglobulins, circulating immune
complexes, hexoses, bound to proteins, and ceruloplasmin (except for group II animals at the age of 4 months). The
effect of applied doses of NGeC inhibited the input of acute phase proteins into the blood which was evident in the
reliably lower content of mean mass molecules at the age of 2-3 months with its staying at the level of the control
group of animals at the age of 4— months. Conclusions. The biological effect of NGeC in the doses of 10, 20, and
200 pg Ge/kg of bodyweight was demonstrated in differently directed changes in the intensity of organism growth and
development, specific internal organs, and hematological indices, which was more expressed for animals, receiving
10 ng Ge, as well as in the differences in immunophysiological indices of blood of males of the experimental groups
of both age periods, which indicated the activation of immunobiological reactivity of their organism at the age of 2-3
and 4-5 months.
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INTRODUCTION logical action [1-4]. It was determined that long-term

The multidirectional effect of organic Ge compounds application of GeO, in the dose of 0.9 mg/kg per day
is the reason for a wide spectrum of studies on their bio- ~ with feeds conditioned the bodyweight gain of young
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rats. However, the increase in the dose up to 8.4 mg/kg
per day reduced growth intensity of rats during the first
period of application compared to the previous dose
[1]. The publications of other authors [S] demonstrated
that feeding rats with sodium germanate starting from
their birth until natural death did not cause any changes
in growth indices, but the duration of their life changed
slightly. It has been proven that Ge gets absorbed in
the organism fast regardless of the administration mode
and may be bound to proteins of blood serum. In the
venous blood, Ge is mainly localized in red blood cells,
whereas in arterial blood it gets dissolved in plasma
[1]. At the effect of sublethal (100-150 mg/kg) doses
of GeO,, the blood of rats and rabbits demonstrated
the decrease in the content of hemoglobin and the ten-
dency to the reduced number of erythrocytes and leu-
kocytes [1, 6]. This indicates uneven biological effect
of different doses of mineral Ge compounds.

The chemical synthesis of organic Ge compounds
and comprehensive study of their properties demon-
strate promising future for the application of these
complexes in biology, medicine, veterinary practice,
and animal breeding, as they are notable for immuno-
stimulating, hepato- and membrane-protective, cardio-
tropic and neurotropic activity [7-10]. Obtaining of
Ge carboxylates using nanotechnology methods opens
new possibilities for wide application of these non-tox-
ic compounds in the mentioned industries. However,
the investigation of biological effects of the applica-
tion of organic Ge compounds, obtained by nanotech-
nologies, has started only in recent 2—3 years. In our
previous experimental works, we have noted reliably
expressed dose-dependent biological effect of nanoger-
manium citrate on the intensity of growth and devel-
opment of females of generations F and F, and their
reproductive abilities [11, 12]. The continuation of the
long-term experiment allowed us to obtain the second
generation offspring and to study the biological effect
of the applied doses of nanogermanium citrate on the
ontogenetic development of the organism of male F,
rats, and to establish the changes in the indices of their
immunophysiological state.

The investigations were aimed at the study of the ef-
fect of different doses of nanogermanium citrate on the
dynamics of changes in the bodyweight of male F, rats
after weaning, the development of their internal organs
and immunophysiological indices of blood.

MATERIALS AND METHODS

The study was conducted at the Institute of Animal
Biology, NAAS, and the State Scientific Research
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Control Institute of Veterinary Medicinal Products
and Feed Additives, using white male laboratory rats
F,, divided into four groups by the analogue principle
during the weaning period at the age of 37 days, with
the bodyweight of 93—-105 g. Group I animals (control
group) were fed with balanced standard diet, granulated
compound feed, and unlimited water supply during the
whole period of investigations. The animals of experi-
mental groups II-1V were fed with standard compound
feed and water with the addition of nanogermanium
citrate (NGeC), produced by the nanotechnological
method [13, 14] in the following amounts (ug Ge/kg of
bodyweight): II group — 10; 111 - 20; IV — 200. Aqueous
solution of NGeC in the concentration of 1.2 g/c. dm,
pH 1.30, was obtained from “Nanomaterials and nano-
technologies” LLC (Ukraine). The intake of NGeC into
the organism of male F, rats of the experimental groups
lasted during the lactation period of female rats F, until
4-5 months old. On the 60-90" and 120—150" days of
life, 5-9 male rats from each group were decapitated
after narcosis and immobilization using CO, in com-
pliance with the bioethical norms [15]. During this pe-
riod, the blood samples were taken for the investiga-
tion by the methods, described below in accordance
with the reference book [16] and the following internal
organs were extracted: liver, kidneys, lungs, thymus,
spleen, heart, testes, which were used to determine the
weight and weight coefficients. The number of leuko-
cytes, lymphocytes, monocytes, granulocytes, erythro-
cytes, platelets, hematocrit count, and hemoglobin con-
tent was determined using the hematological analyzer
Orphee Mythic 18 Vet (Germany); the content of im-
munoglobulins (Ig) was defined by the nephelometric
method; the content of mean mass molecules (MMM)),
circulating immune complexes (CIC), hexoses, bound
to proteins, sialic acids, and ceruloplasmin was defined
by the methods, described in the reference books [16].

The obtained digital material was processed by the
variation statistics method using Student’s z-criterion.
Arithmetic mean values (M) and deviations from arith-
metic mean values (+ m) were calculated. The changes
were deemed reliable at P < 0.05. The calculations were
performed in Excel program.

RESULTS AND DISCUSSION

The analysis of the results obtained indicates some
differences in the biological impact of NGeC doses, ap-
plied to rats, in particular, regarding the growth dynam-
ics of males F, (Table 1). The bodyweight gain on the
30" day after weaning was the highest (240.2 %) for
group Il males, fed with 10 pg Ge, which exceeded the
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gain for control group animals by 9.5 % (67" day).
The bodyweight of the latter increased 2.03-fold for
the same period, amounting to 202.7 %. During the
same period, the application of higher Ge doses to
group III and IV males resulted in lower indices of
growth intensity compared both to the control group
(by 4.1 and 9.8 %) and experimental group II (by 12.4
and 17.6 % respectively). In two months after wean-
ing (97" day), the relative growth intensity was higher
for group II and III males (268.6 and 272.0 %) com-
pared to the control (262.3 %), but the bodyweight
was lower in experimental groups Il and IV (94.7 and
86.1 % respectively), and it was 100.7 % from the
control for group III animals. The mentioned tenden-
cy was preserved on the 107" and 117" days, which
indicates the most expressed positive impact of NGeC
in the dose of 10 pg/kg of bodyweight on the growth
of young male F, rats only during the first 2 months
of their life. However, feeding with NGeC until the
137" day conditioned the increase in the bodyweight
of male rates of group III for the same period by
18.4 %, and that in the growth intensity for 100
days — by 69 % compared to the control.

The analysis of the indices of growth and develop-
ment of internal organs of animals in terms of their
weight and weight coefficients indicates considerable

differences between males of the control and experi-
mental groups at the age of 2-3 months (Table 2). In
particular, group II males of this age had lower indices
of the weight of lungs, heart, kidneys, testes, as well as
coefficients of their bodies at the background of higher
indices of these values for liver and spleen compared
to the control group. The mentioned indices for the
animals of group IV did not have any significant dif-
ferences for heart, liver, and spleen compared to the
control group, but the weight and weight coefficient for
lungs and testes increased reliably with the decrease
(P <0.05) of the weight coefficient for kidneys.

The obtained data indicate the inhibiting impact of
the low dose of NGeC on the growth and development
of lungs, heart, kidneys, and testes, but the stimulat-
ing impact on such parenchymatous organs as liver
and spleen for young male F, rats. The established
difference in the impact of NGeC on different organs
in the mentioned dose may be conditioned by higher
intensity of the growth of group II animals at the age
of 2 months and structural-functional specificities of
these organs and their capability to synthesize the im-
mune complexes. These results indicate that Ge dose of
200 pg may have a stronger stimulating effect on the
development of organs of breathing and reproduction
of males with the inhibition of the excretion function.

Table 1. The growth intensity of young rats F, after weaning, while fed with different doses of germanium citrate ( » = 4-9)

Group
Growth period, day % from % from % from
I — control II-10 pg the II—-20pug the IV —-200 pg the
control control control
37 100.4 £1.97 92.8+4.1 92.4 97.5+1.63 97.1 104.8+£4.0 104.4
47 136.7 + 3.84 133.5 £ 4.06 97.7 157.9 £4.59 115.5 1259+ 4091 92.1
57 184.6 £5.15 173.6 £ 6.05 94.0 174.1 £3.85 94.3 155.0 £4.38 84.0
67 203.5+8.60 | 2229+ 11.70 109.5 195.2 +5.01 95.9 183.6 +4.30 90.2
Gain for 30 days, % 202.7 240.2 200.2 175.2
77 230.4+£6.70 | 225.7+£7.27 98.0 215.7+£6.40 93.6 195.0 £4.58 84.6
87 251.1+£11.27 | 2443 +£5.61 97.3 244.0+7.16 97.2 220.0 +5.43 87.6
97 2633 +£11.06 | 249.3+7.35 94.7 265.2+591 100.7 | 226.8 £ 6.58 86.1
Gain for 60 days, % 262.3 268.6 272.0 216.4
107 2783+ 11.61 | 267.9+8.16 96.3 282.9 £ 6.78 101.7 | 255.0+7.36 91.6
117 288.3+10.77 | 285.0+9.88 98.9 2853 +£6.31 99.0 275.0+£6.18 95.4
127 306.3 £ 12.56 - - 312.8 £ 16.71 102.1 | 293.2+£5.53 95.7
137 315.6+13.21 - - 373.7+17.37 1184 | 307.7+5.32 97.5
Gain for 100 days, % 3143 - 383.3 293.6
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The estimation of growth and development of in-
ternal organs of males at the age of 45 months indi-
cates some differences in the indices of their weight
and weight coefficients in the experimental groups
compared to the control group (Table 3). In particu-
lar, group II males had lower indices of the weight of
spleen (P < 0.05), as well as liver and its weight coef-
ficient (P < 0.05), and group III animals — those of the
weight of lungs (P < 0.05), heart (P < 0.01) and liver
(P <0.05) compared to the control.

The mentioned differences may partially be condi-
tioned by the difference in the age of animals of these
groups as control group males were killed at the age of
135 days, experimental group II animals — 130, III —
120, and IV — 147 days. This may be confirmed by the
weight coefficients of internal organs which, except for
liver in group II and testes in group III, had approxi-
mately the same level of these indices in the control
group. However, higher indices of the weight of liver
and spleen and their weight coefficients for group II
males at the age of two months with their decrease at
the age of five months may testify to some stimulating
effect of NGeC in the dose of 10 pg/kg on the growth

and development of these organs in young animals and
the decrease of its effect for adult rats. Group I'V males
had a reliable decrease in the weight of spleen and its
weight coefficient (P < 0.01).

The analysis of hematological indices of rats at the
age of 2-3 months indicates the absence of reliably
expressed action of NGeC in all the applied doses on
the hemostasis system (Table 4). However, the blood of
group II males had reliably lower indices of hemoglo-
bin and hematocrit level and unreliably lower ones for
erythrocytes which may be conditioned by the inhibit-
ing effect of Ge in the dose of 10 ug on hemoglobin
synthesis and the inclusion of Fe, as well as less ex-
pressed effect on erythropoiesis which was noted by
other authors at the impact of inorganic compounds of
Ge[1, 5].

At present, there are different views on the mecha-
nisms of Ge compounds impacting the hemopoiesis. In
particular, the increase in the number of erythrocytes
at the action of GeO, has been noted, which has been
explained by the authors by the dehydration of the or-
ganism rather than by the stimulating effect on spleen
and bone marrow. According to the data of other au-

Table 2. The weight of internal organs and their weight coefficients for male rats F,, 2-5 m.o., fed with different doses of

germanium citrate (M £ m, n = 4-9)

Group
Organ Experimental, ng Ge/kg of bodyweight
I — control
1II-10 IV —-200
Weight of the organ (g) / weight coefficient (g/kg)
Lungs 1.17 +£0.08 0.76 £ 0.05** 1.54 £ 0.08**
55+£0.29 4.64 £ 0.19%* 7.09 £ 0.53%*
Heart 0.74£0.03 0.50 £ 0.03%** 0.74 £ 0.02
3.5+0.11 3.08+0.20 3.26+0.05
Liver 6.84 +£0.42 8.13 £0.29% 7.08 +£0.31
32.1+0.67 50.35 + 3.39%** 30.74 £ 0.84
Spleen 0.72 £0.06 0.87 £ 0.07 0.75+0.01
3.36+0.20 5.32+£0.37%* 3.33+0.08
Kidneys 1.60 +0.09 1.08 £ 0.07** 1.49 £0.05
7.53+0.22 6.56 £ 0.25% 6.62+0.28*
Testes 2.63+0.12 1.90 £ 0.09%** 3.88 £0.32%*
12.48 £0.78 11.65+0.39 17.24 + 1.69*

Note. In this table and the following ones, the difference is statistically reliable compared to the control (I) group *p < 0.05;

#%p < 0.01, ***p < 0.001.
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thors, the effect of Ge on hemopoiesis is mediated by
its impact on the metabolism of Fe, Cu, Se, and other
elements [2, 3].

The application of higher (20 and 200 pg) doses of
NGeC to male F, rats did not enhance the depressing
effect on the number of leukocytes, erythrocytes, and
hemoglobin. On the contrary, there was an evident in-
crease in the absolute and relative number of granulo-
cytes in the blood of males in the experimental groups
with the reliable difference at the effect of 200 pg Ge
in group IV.

The reliably lower number of leukocytes and lym-
phocytes was registered in the blood of 4-5 m.o. males
in groups II and IV, while that of monocytes was found
only in group II (Table 5). However, other blood indi-
ces of males in the experimental groups did not demon-
strate reliable intergroup changes regarding the control.
This may indicate that the organism of older males in
the experimental groups produced adaptive hemato-
poietic mechanisms concerning the long-term effect of
NGeC in the applied doses, which stabilize the mor-
phological composition of red blood of rats at the level
of physiological optimum.

More expressed effect of the applied Ge doses was
noted for the indices of immunophysiological condi-
tion of the organism. In particular, the blood of males in
the experimental groups had higher content of Ig both
at the age of 2-3 and 4-5 months with reliable values
of differences in groups III and IV (Table 6).

The effect of the applied Ge doses enhanced the in-
take of immune and glycoprotein complexes into the
peripheral blood of animals in the experimental groups
with the increase in the content of circulating immune
complexes, hexoses, bound to proteins, and ceruloplas-
min, except for animals of group II at the age of 4-5
months. At the same time, at the age of 2—3 months the
proteins of the acute phase of blood reacted with the re-
liable decrease in the number of mean mass molecules
with the preservation of this tendency at the age of 4-5
months for males in groups III and IV. At the back-
ground of these intergroup and age-related differences,
there was a weakly observed tendency to the increase
in the content of sialic acids in the blood of males in
groups II and IV at the age of 2—3 months, and groups
II and III — at the age of 45 months. Long-term feed-
ing males of group IV with 200 pg Ge conditioned reli-

Table 3. The weight of internal organs and their weight coefficients for male F, rats, 4-5 m.o., fed with different doses of

germanium citrate (M + m, n = 4-9)

Group
Organ Experimental, ng Ge/kg of bodyweight
I — control
I-10 11 - 20 IV —-200
Weight of the organ (g) / weight coefficient (g/kg)
Lungs 1.55+0.09 1.35+0.09 1.30 £ 0.06* 1.36 £ 0.08
5.39+0.30 5.05+0.28 5.52+0.23 4.71+0.21
Thymus 0.62+0.03 0.54 £ 0.04 - -
2.10+0.07 2.03+£0.15
Heart 0.88 £0.01 0.85+0.03 0.72 £0.04** 0.92+£0.03
3.06 £0.08 3.20+0.08 3.06+0.11 3.18 £ 0.09
Liver 8.97 £0.46 6.94 £ 0.45%* 7.59 £ 0.39* 7.92+0.26
31.2+1.80 259+ 1.01%* 32.8+2.73 27.46 £0.76
Spleen 1.08 £0.08 0.81 £0.05% 0.90£0.04 0.75 £ 0.04**
3.80+0.36 3.02+0.11 3.84+0.19 2.61 £0.14**
Kidneys 1.78 £ 0.08 1.65+0.07 1.64 +£0.04 1.97 £0.04
6.20 £0.30 6.19+0.19 6.95+0.19 6.83+0.14
Testes 3.05+0.05 2.90 £ 0.05 2.96+0.13 2.99+0.10
10.61 £0.39 10.96 £ 0.43 12.57 £ 0.48** 10.38 £0.31
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ably higher content of these compounds in the blood
of animals at the age of 4 months, which testified to a
direct connection to a high concentration of circulating
immune complexes and hexoses, bound to proteins.

CONCLUSIONS

Thus, the biological effect of NGeC in the doses of
10, 20, and 200 ug Ge/kg of bodyweight is notable for
differently directed changes in the intensity of organ-
ism growth and development, specific internal organs,
and hematological indices, which was more expressed
for animals, receiving 10 ug Ge, as well as in the dif-
ferences in immunophysiological indices of blood of
males of the experimental groups of both age periods.

This indicates the activation of immunobiological re-
activity of their organism at the age of 2-3 and 4-5
months and gives grounds for the conclusions, stated
below.

The doses of NGeC, applied with water (10, 20,
and 200 pg/kg of bodyweight) to male F, rats, condi-
tioned uneven effect on the growth and development of
their organism, more expressed stimulating effect on
the bodyweight gain within 30 days after weaning, as
well as on the bodyweight gain of liver and spleen, and
their weight coefficients, which was noted for group II
males, receiving 10 ug Ge/kg of bodyweight.

Lower content of hemoglobin, hematocrit indices and
the number of erythrocytes was registered in the blood

Table 4. The hematological indices for male F, rats, 2-3 m.o., fed with different doses of germanium citrate (M = m, n = 4-6)

Group
Index Measur.ement Experimental, ng Ge/kg of bodyweight
units I - control
1I-10 11 -20 IV -200

Leukocytes 10%1 7.20 £0.63 5.98 £0.80 10.08 =1.99 6.92 +£1.37

Lymphocytes 101 5.38+0.38 4.05+0.63 7.02 £1.30 4.63 +0.98

Monocytes 10°/1 1.05+0.10 0.98+0.14 1.24 +0.19 0.80+0.12

Granulocytes 10°/1 0.75+0.22 0.95+0.21 1.80 £0.51 1.48+£0.39

Lymphocytes % 74.8+3.53 67.1 £4.09 71.9+2.03 67.1+2.55

Monocytes % 154+1.11 159+1.12 11.9+£0.79* 12.2+1.20
Granulocytes % 9.8 +2.53 16.8 +£2.68 16.2+£2.35 20.7 £2.62*
Erythrocytes 10'%/1 7.45+0.41 6.74+0.25 7.38+0.26 7.65+0.07
Hemoglobin g/l 156.8 +6.13 130.8 + 3.90** 148.4 £5.35 153.0+2.19
Hematocrit 11 0.443 £0.025 0.371£0.014* 0.414+0.014 0.432+0.014
Platelets 10°1 448.8 +22.84 604.0 + 65.43 393.8 £24.32 383.6 + 80.09

Table 5. The hemato

logical indices for male F, rats, 4-5 m.o., fed with different doses of germanium citrate (M = m, n = 4-6)

Group
Index Measur'ement Experimental, pg Ge/kg of bodyweight
units I — control
II-10 11 - 20 IV —200

Leukocytes 10°/1 10.13+2.14 4.72 +0.52* 7.64 £ 0.64 476 £ 0.55*

Lymphocytes 10%/1 6.86+1.21 3.76 £ 0.36* 5.21+0.53 3.12 £0.36%*

Monocytes 10%/1 1.66 +0.43 0.62+0.12* 1.45+0.20 1.06 £ 0.15

Granulocytes 1011 1.60 £0.51 0.34 £ 0.09* 0.98 £0.21 0.58+0.13

Erythrocytes 1021 5.97+0.96 7.00 £ 0.57 6.48 £0.48 5.64+0.58

Hemoglobin g/l 144.0 £13.23 132.0 +£9.94 129.4 £ 11.61 131.8 £6.59
Hematocrit /1 0.346 +0.052 0.360 + 0.027 0.361 +0.033 0.331 +0.035
Platelets 10°/1 602.3 +31.02 561.7 +91.00 645.8+132.22 666.3+122.18
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Table 6. The content of immune and glycoprotein complexes in the blood of male F, rats, 2-3 and 4-5 m.o., fed with different

doses of germanium citrate (M + m, n = 4-6)

Group
Index Month Experimental, pg Ge/kg of bodyweight
1 — control
II-10 I - 20 IV -200

Immunoglobulins, g/l 2 6.5+0.34 7.7+0.47 9.8 +£0.70** 10.4 £0.74%*

4 4.9+047 5.6 +0.51 8.5+ (0.47%** 5.8+ 0.30
Mean mass molecules, CU 2 0.35+0.003 | 0.31£0.001%** 0.24 £ 0.002%** 0.25 £ 0.004***

4 0.19+0.011 0.21 +£0.005 0.18 £0.004 0.17 £ 0.003
Circulating immune complexes, 2 42.8+1.80 124.2 + 2.64%*** 81.6 = 3.65%** 72.0 £2.97%**
mmol/l 4 61.4+2.50 113.7 £ 1.23%** 76.0 £2.77* 100.9 &+ 1.71%%*
Hexoses, bound to proteins, g/l 2 5.19+0.06 5.42 +0.06* 5.43 +0.08* 5.47 £ 0.06*

4 5.35+0.07 5.43+£0.07 6.14 £ 0.09%** 6.15 £ 0.08%**
Sialic acids, CU 2 206.3 £ 5.66 215.7 £ 3.03 208.8 +£6.35 217.8+6.26

4 2242 +4.12 237.8 +£3.81 233.0+4.34 240.7 £ 3.18*
Ceruloplasmin, CU 2 314.0£4.18 | 350.2+ 6.06%* 336.8 + 6.64* 357.7 £ 4.67%%*

4 386.5+7.97 377.8+ 691 401.8 £ 6.96 416.2 +7.63*

of group Il males at the age of 2—3 months, whereas the
blood of animals of groups II and IV at the age of 4-5
months had a decreased number of leukocytes at the
expense of lymphocytes, monocytes, and granulocytes
compared to the control group.

The effect of the applied doses of Ge citrate on the
immunophysiological reactivity of male F, rats was
demonstrated in lower (P < 0.001) content of mean
mass molecules in the blood of young animals and its
increase for immune complexes globulins, circulating
immune complexes, hexoses, bound to proteins, and ce-
ruloplasmin (except for group II animals at the age of 4
months) in the rats of both age periods.
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HIYHI, KOJOPUMETPHYHI 1 CTaTHCTHUYHI METOAM, I BH-
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3HAUEHHSI TeMATOJIOTIYHUX MOKA3HUKIB BUKOPHCTAHO aBTO-
MaTUYHAN BeTepuHapHHWA aHamizatop Orphee Mythic 18
Vet (HimeuunHa). Pe3yabTraTu. BCTaHOBIEHO MIKTPYTOBI
JT0303aJICKHI Ta BIKOBI BIIMIHHOCTI B IHTEGHCHUBHOCTI pOC-
Ty Ta PO3BUTKY OpraHi3My CaMIliB 3a IOACKAaJHOI0 JUHA-
MIKOI0O 3MIH MacH Tijlla, a TakoX MacH CEpIlsi, TEJiHKH,
HUPOK, TECTUKYJIB, JIETCHB, CENIC3IHKH 1 KOe(IIlieHTIB Mac
UX OpraHiB y Bili 2-3 i 4-5 MicsaniB. Bix3navyeHno Bummii
MPUPICT MacH Tijla y caMIiB, ki orpuMyBaiu 10 Mxr Ge/kr
Macu Tija yepe3 30 mi0 micist BIAIYYCHHS, 31 30€pEeIKCHHAM
TEHJCHI] 70 HIDKJIOro piBHA mmx nokasHukiB y I i
IV rpynax 3a aii 20 i 200 mxr Ge. Ha 97-, 107- 1 117-1y no6u
xuTTs y camiis II 1 IV rpyn Bin3HaueHO HE BIpOTIHO HMXK-
4l TIOKa3HUKM MacH Tija, y Toil vac sk y Il rpymi ix Benu-
YUHHA CYTTEBO HE BiApi3HSANMCA Bif KoHTpoiro. [lokazaHo
BIPOTiMHO BHWI 3HAYCHHS MAacH TCUIHKH 1 CENIe3iHKH, a
TakoXkK Koe(IIieHTIB IXHIX Mac y CaMI[iB MOJOJIIOTO BIKY,
aje HIK4l — y Bili 4—5 MICsILiB MOPIBHSIHO 3 KOHTPOJIEM.
YV kposi camuiB II rpynu y Bini 2—3 micsmi criocTepiraimuchk
BIPOTiHO HIDKYUI BMICT TeMOINIOOiHYy Ta TOKa3HUK Te-
MaTOKpHTY, a TAKOK TEHAEHIsl O 3MEHIIEHHS KUIBKOCTI
epUTPOIUTIB. Y Billi 4—5 MICAIIB BiIMIYE€HO 3MCHIIICHHS
KIJIBKOCTI JISMKOIMTIB Ta 1X (popM — NiMPOLUTIB, MOHOLIUTIB
1 TpaHyJIOUHUTIB, 0 OibIIe BUpakeHO y KpoBi cammiB II i
IV rpymn CTOCOBHO KOHTpOJIO. Y KPOBI CaMIiB JOCITITHUX
rpymn 000X BIKOBHX IepiofiB 3a Ail HAHOT€PMaHII0 IUTPaATy
(HGell) Bin3Ha4YeHO BUINUI BMICT IMyHOIJIOOYINIHIB, IIHp-
KyJTIOIOUMX IMyHHHX KOMITJIEKCIB, T€KCO3, 3B’SI3aHUX 3 OiI-
KaMH, 1 mepynoria3miny (kpim TtBapud Il Tpymm y Bimi
4 wicsmi). [is 3actocoBanmx n03 HGell| npurnivysana
HAJIXO/DKCHHS B KPOB OUIKIB TOCTPOI (pasu, 10 MPOSIBIUIOCH
BIPOTIIHO HW)KYMM BMICTOM MOJICKYJI CEpEIHBOI MacH y
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Bimi 2-3 wmicsii 31 30epekeHHSIM HOTO Ha PiBHI KOHTPOJb-
HOI TPYIIH TBapuH y Billi 4—5 Mmicsri. BucnoBku. biomoriuna
niss HGell y mozax 10, 20 i 200 mxr Ge/kr macu Tina
NPOSBIISIACS Y HEOIHAKOBO CIIPSMOBAHHMX 3MIHAX B 1HTEH-
CHBHOCTI POCTY 1 PO3BUTKY OpPraHi3My, OKPEMHUX BHYTpIIlI-
HIX OpraHiB Ta TeMaTOJIOTIYHMX MOKA3HUKIB, IO OiNbIIE
BHPaXEHO Yy TBapHH, sKi oTpuMmyBanu 10 Mxr Ge, a Takox
BIJIMIHHOCTSIMH IMyHO(]1310JIOTIYHIX TTOKa3HUKIB KPOBI Yy
CaMIIiB JIOCTITHUX TPyl 000X BIKOBHX IMEPiOfiB, IO BKA3y€E
HA AKTHBAIIIO IMyHOOIOJOI1YHOI PEaKTHBHOCTI IXHBOTO
oprati3my y Bini 2—-3 i 4-5 micsiiiB.

KoarouoBi cioBa: nurpar HaHOT€pMaHilo, IIypH, KPOB, iMy-
HO(}1310JI0T1YHI TOKA3HHUKH, PICT 1 PO3BUTOK OpraHi3My.
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Hens. M3yunTth Bo3pacTHbIE M3MEHEHMSI MAcChl Teia, BHYT-
PEHHUX OpPraHOB W HMMYHO(HM3HOJIOIMYECKUX IIOKa3aTe-
JIel KpoBH caMIoB KpbIc F, mpu neiicTBUM pa3inyHBIX 103
murpara HaHorepmanus. Metoabl. [Ipumenens! ¢usnomno-
IrMYEeCKHe, UMMYHOJIOTHYECKUE, KIMHUYECKHE, KOJIOpHMe-
TPUYECKHE M CTAaTUCTUYECKUE METOJBI, JUIS OIPECTICHUS
reMaToJIOTHYECKUX II0Ka3aresiedl MCIIOIb30BaHO aBTOMATH-
Yyeckuil BerepuHapHbid aHanmuzatop Orphee Mythic 18 Vet
(Tepmanust). Pe3yabTaThl. YCTAaHOBICHBI MEXTPYTIIOBEIC
JI0303aBUCHMBIE M BO3PACTHBIC PA3INYMs B MHTEHCHBHOC-
TH pOCTa M Pa3BUTHS OpPraHW3Ma CaMIIOB I10 €XeIeKaIHOH
JMHAMHMKE W3MEHEHHWH Macchl Tela, a TAKXKe MAacchl cepl-
11a, TEYCHH, MOYEeK, TECTHKYJOB, JIETKHX, CEIE3eHKH U
KO3(QUIIMEHTOB MacC 3THX OPraHoB B Bo3pacTe 2-3 U
4-5 wmecsmeB. OTMedeH OONBIIAN MPHPOCT MACCH Tela
y camnoB, nomy4yaBmux 10 Mxr Ge/kr maccel Tena 4epes
30 cyTt mocine OTIay4eHHs, C COXpaHEeHHEM TEHJICHIUH K 00-
Jiee HU3KOMY ypOBHIO 3TuX nokasareneit B I u IV rpynnax
npu aeticterm 20 u 200 mxr Ge. Ha 97-, 107- u 117-e cytku
sku3Hu y camuos II u IV rpynn orMeueHbl HE JOCTOBEPHO
HU3IIME TOKa3aTeau macchl Tena, toraa kak B III rpymme
UX BEJIMYMHBI CYyIIECTBEHHO HE OTIAMYAINCH OT KOHTPOJIS.
ITokazaHbl TOCTOBEPHO BBICHINE 3HAYEHHS MAcChl MEUCHHU
1 CENE3CHKH, a Takke KOAP(PPHUIMEHTOB UX MAcC y CaMIOB
MITZIIIETO BO3pAcTa, HO HU3IIKME — B BO3pacTe 4—5 MecsIes
110 CPaBHEHMIO ¢ KOHTposieM. B kpoBu camuos Il rpynmns! B
Bo3pacTe 2-3 Mecsma HaONomanuch JOCTOBEPHO HUBIIEE
coziepKaHHe TeMONIOOMHA M MOKAa3aTesb IeMaTOKPUTA, a
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TaKKe TEHJIEHINS K YMEHBIICHHIO KOJMYECTBA SPUTPO-
muTOB. B BO3pacTe 4-5 MecsAleB OTMEUYECHO YMCHBIICHHE
KOJTMYECTBA JICHKOIUTOB W WX (opM — JIAM(OIUTOB,
MOHOIIUTOB U TPAaHYJIOLHUTOB, YTO OO0JIEe BEIPAKEHO B KPOBH
camuoB II u IV rpynn oTHocUTENbHO KOHTpOJds. B KpoBu
CaMIIOB ONBITHBIX TPyNI OOOMX BO3PACTHBIX MEPHOIOB
npu aefictBun Hanorepmanus rurpara (HGell) ormedeHo
BBICIIIEE COZIEPKAHUE HMMYHOITIOOYJIMHOB, IHMPKYIHPYIO-
IMUX WMMYHHBIX KOMIUICKCOB, CBSI3aHHBIX C Oenkamu
TeKCOo3 U Liepynonia3MuHa (KpoMe KUBOTHBIX Il rpymmsl B
Bo3pacte 4 Mecsima). JlelictBue nmpumeHeHHBIX 1103 HGel]
YTHETaJIo MOCTYIUICHHE B KPOBb OEIIKOB OCTPOH (hasbl, uTO
MPOSIBIISIIOCH JOCTOBEPHO HU3LIMM COJICPIKAHUEM MOJICKYII
cpelnHel Macchl B Bo3pacTe 2—3 Mecsia ¢ COXpaHEHUEM ero
Ha YpPOBHE KOHTPOJIBHOM TIPYIIIbl JKUBOTHBIX B BO3pacTe
4-5 mecsaua. BeiBoabl. buonornueckoe neiicteue HGell B
no3ax 10, 20 u 200 mxr Ge/kr Macchl Tena MposBISIIOCH B
pa3sHOHANPAaBJICHHBIX HW3MCHCHHUAX HWHTCHCHUBHOCTH PpOCTa
U pasBUTUA OpraHu3Ma, OTACJIbHLIX BHYTPCHHHUX OpPraHOB
M TEMaToJIOTHYECKHX II0Ka3areliei, 4To 0oJee BhIPaKeHO
y KHMBOTHBIX, KoTopble moiydamu 10 mxr Ge, a Tarke
pa3IUuUsIMi MIMMYHO(DHU3HOJIIOTHYECKHX TTOKazaTeield Kpo-
BU y CaMIIOB OIBITHBIX I'PYII 00OMX BO3PACTHBIX MEPHO-
JIOB, 4TO YKa3blBaeT Ha aKTHBAIMI0O MMMYHOOHMOJOrHYec-
KOH PEeakTHBHOCTH MX OpraHusma B Bo3pacte 2-3 u 4-5
MECSILIEB.

KaroueBble cjI0oBa: IUTpaT HAHOTEPMaHNUs, KPBICHI, KPOBb,
UMMYHO(DH3MOJIOTHIECKNE TT0KA3aTelIH, POCT M Pa3BUTHE
OpraHu3Ma.
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